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Sean Kealii Enos (#023634)

Albert L. Schmeiser (#040758)
SCHMEISER, OLSEN & WATTS, LLP
18 E. University Drive, Suite 101

Mesa, Arizona 85201

Telephone: (480) 655-0073
Facsimile: (480) 655-9536
kenos@IPlawUSA.com
aschmeiser@IPlawUSA.com

Attorneys for Defendant

IN THE UNITED STATES DISTRICT COURT

DISTRICT OF ARIZONA
VPR BRANDS, L.P., a Delaware
limited partnership,
Case No. CV-20-02185-PHX-DJH
Plaintiff,
v DEFENDANT’S SUPPLEMENTAL
. h ) RESPONSE TO PLAINTIFF’S
f}lp}ter lies§?rc , LLC, an Arizona FIRST REQUEST FOR
imited liability company, PRODUCTION OF DOCUMENTS
TO DEFENDANT #20
Defendant.
[Assigned Hon. Diane J. Humetewa]

TO: VPR BRANDS, L.P. AND ITS ATTORNEYS:
Pursuant to Rule 34, Federal Rules of Civil Procedure, Defendant submits the following
supplemental response to Plaintiff’s First Request for Production of Documents to
Defendant #20. Defendant Jupiter hereby incorporates, by reference, the Preliminary
Statement, General Objections, and Objections to Definitions and Instructions set forth
in Defendant’s original response to Plaintiff’s First Request for Production of

Documents to Defendant.
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SPECIFIC OBJECTIONS AND RESPONSES
Subject to and without waiving its General Objections and Objections to
Definitions and Instructions, Defendant provides this supplemental response
(supplemental disclosure noted in bold italics) to Plaintiff’s First Request for Production

of Documents to Defendant #20 as follows:

REQUEST FOR PRODUCTION NO. 20: All documents and ESI

containing prior art to the patent-in-suit or that you contend would anticipate or
otherwise render obvious any claim or claims of the patent-in-suit.

RESPONSE: Defendant provides Documents DEF000915-DEF001135 and

DEF001239-DEF 001640 which are responsive to this request. Defendant continues to
gather documents through the discovery process and will supplement this response as

documents are gathered.

DATED this 5th day of October, 2021 (signing for the objections)
SCHMEISER, OLSEN & WATTS LLP
By:
_/Sean K. Enos/

Sean K. Enos

SCHMEISER, OLSEN & WATTS, LLP
18 E. University Drive, Suite 101

Mesa, Arizona 85201

Attorneys for Defendants
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ORIGINAL of the foregoing emailed
this 5th day of October, 2021 to:

SRIPLAW

Joel B. Rothman (No. JR0352)
21301 Powerline Road

Suite 100

Boca Raton, FL 33433

Email: joel@sriplaw.com
Attorneys for Plaintiff

_/Steven Adams/

Steven Adams
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Atomized electronic cigarette

Abstract

The utility model relates to an atomized electronic cigarette only containing
methylpyrrolidine (nicotine) without tar, comprising a shell body and a suction nozzle. The
outer wall of the shell body is provided with an air-in hole, and an electronic circuit board, a
normal pressure cavity, a sensor, an air-liquid segregator, an atomizer and a liquid supplying
bottle are arranged in the shell body in turn; wherein the electronic circuit board is
composed of an electronic switching circuit and ahigh-frequency generator; one side of the Other languages: Chinese
sensor is provided with the airflow channel of the sensor, and a negative pressure cavity is
arranged in the sensor; the atomizer is contacted with the liquid supplying bottle, and the Inventor: 73
inner part of the atomizer is provided with an atomized cavity; a retainer ring is arranged
between one side of the liquid supplying bottle and the shell body for locking the liquid Worldwide applications
supplying bottle, and the other side of the liquid supplying bottle is provided with a
smogless channel; the air-in hole, the normal pressure cavity, the air-liquid segregator, the \?V%)“DK%_PI; Pf['g&eﬁﬂnggoﬁR dHf SZIO%P; E'S_HEP ggogT %@
atomizer, the smogless channel, an air guiding hole and the suction nozzle are 2010 US 2012 US 2013 US 2014 US 2015 US
communicated in turn. The atomized electronic cigarette has no tar, and can greatly reduce 85 2016 US 2017 US 2018 USUS 2019 US
cancerogenic risks; users have the feel and excitement of smoking, and the atomized 2020 UsUsUSUS
electronic cigarette needs not to light without the harm of fire hazard.

Application CN2004200311820U events @
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2004-04-14  Priority to CN2004200311820U
® A24F40/42 Cartridges or containers for inhalable precursors 004-0 /
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Claims (14) Hide Dependent

1. Atmized electronic cigarrette, comprise housing and suction nozzle, it is characterized in that: have air admission hole (4) on the outer wall of described
housing (14), be provided with electronic circuit board (3), common pressure chamber (5), sensor (6), gas-liquid separator (7), atomizer (9), supplying bottle (11) in
the housing (14) successively; Wherein electronic circuit board (3) is made up of electronic switching circuit and radio-frequency generator; Side at sensor (6) has
sensor gas channel (18), is provided with negative pressure cavity (8) in the sensor (6); Atomizer (9) contacts with supplying bottle (11), is provided with
atomization chamber (10) in the inside of atomizer (9); Be provided with the back-up ring (13) of locking supplying bottle (11) between one side of supplying
bottle (11) and the housing (14), the opposite side of supplying bottle (11) has mist vapour passage (12); Air admission hole (4), common pressure chamber (5),
gas-liquid separator (7), atomizer (9), mist vapour passage (12), gas port (17), suction nozzle (15) are connected successively; Front end in the housing (14) also
comprises a light emitting diode (1) and battery (2), constitutes the integral body of a cigarette holder shape, cigar shape or tobacco pipe shape jointly.

2. Atmized electronic cigarrette as claimed in claim 1, it is characterized in that: in housing (14), atomizer (9) postposition, supplying bottle (11) is located
between gas-liquid separator (7) and the atomizer (9), is equipped with at an end of supplying bottle (11) supplying bottle (11) is pressed on shell fragment
(33) on the atomizer (9).

3. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: on the inwall of housing (14), be equipped with display
screen (32).

4. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: be provided with in parallel with sensor (6) is used for the
manually microswitch (16) of cleaning in housing (14).

5. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: be provided with ripple film (22) between described sensor .
(6) and its inner negative pressure cavity (8), also be provided with first magnet steel (20), second magnet steel (21) in the sensor (6) and place bMBR EXhlblt
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the two tongue tube (19), second magnet steel (21) is fixed on the ripple film (22).

6. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: described sensor (6) is built-in with silica gel spare non-
return valve (31), is provided with the 3rd magnet steel (34) in the valve, and the outer side near magnet steel of valve is provided with tongue tube (19).

7. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: described gas-liquid separator has through hole on (7).

8. according to the described Atmized electronic cigarrette of claim 7, it is characterized in that: be with silica gel spare non-return valve (31) outside the
through hole on gas-liquid separator (7).

9. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: have spout hole (29) on the atomization chamber wall (25)
of described atomization chamber (10), atomization chamber (10) is provided with calandria (26) in the chamber, side at calandria (26) has long air-flow
spray-hole (24), porous body (27) wraps in outside the atomization chamber wall (25), one side of atomizer (9) is provided with first piezoelectric patches
(23), and opposite side is provided with projection (36).

10. according to claim 1 or 2 described Atmized electronic cigarrettes, it is characterized in that: add second piezoelectric patches (35) in the described
atomizer (9).

11. according to the described Atmized electronic cigarrette of claim 9, it is characterized in that: the available nickel foam of porous body (27), stainless
steel fibre felt, macromolecule polymer foaming body and foamed ceramics in the described atomizer (9) are made; The available platinum filament of
calandria (26), nichrome or the Aludirome silk that contains rare earth element are made, and also can be made into plates; Available aluminium oxide of
atomization chamber wall (25) or pottery are made.

12. according to the described Atmized electronic cigarrette of claim 7, it is characterized in that: available plastics of described gas-liquid separator (7) or
silicon rubber are made.

13., it is characterized in that according to claim 1 or 2 described Atmized electronic cigarrettes: storage liquid porous body (28) is housed in the described
supplying bottle (11), its available poly-third fiber, polyster fibre or nylon fiber filling, or with plastic foamed formed body filling; Also available polyvinyl
chloride, polypropylene, polycarbonate injection moulded become multiple-plate column.

14. according to the described Atmized electronic cigarrette of claim 5, it is characterized in that: tongue tube (19), first magnet steel (20), second magnet
steel (21), ripple film (22) is available has the semiconductor gauge of closing membrane to replace, and is installed in sensor ripple film position.

Description

Atmized electronic cigarrette
Technical field

The utility model relates to a kind of electronics cigarette, does not particularly a kind ofly contain tar, only contains the Atmized electronic cigarrette of
nicotine (nicotine).

Background technology

Become under the situation of general knowledge current " Smoking is harmful to your health ", the whole world still has 1,000,000,000 people's smokings
at present, and annual this numeral is also enlarging.The international ban on opium-smoking and the opium trade agreement of first that on March 1st,
2003, The World Health Organization (WHO) passed through " Framework Convention on Tobacco Control ", the numeral that provides according to WHO
shows, smoking causes 4,900,000 people's death every year, although smoking can cause serious respiratory disease and cancer, allowing the smoker give
up smoking fully is extremely difficult thing.

The active ingredient of cigarette is nicotine (being nicotine); after entering alveolar, a large amount of tar droplets that nicotine produces along with
cigarette combustion during smoking absorbed rapidly; nicotine acts on the acceptor of central nervous system after being absorbed into blood; cause
similar anti-depressant " euphoria ", as having a dizzy spell or smug sensation that the smoker experienced.

Nicotine is little molecular biosciences alkali, and is harmless substantially to human body under low dose, and the half-life in blood is extremely short.The
harmful substance of tobacco mainly is a tar, and tobacco tar is to become to be grouped into by thousands of kinds, and it is carcinogenic substances
that tens of kinds of compositions are wherein arranged.Confirm that at present passive smoking is bigger to non-smoker's harm.

In order to seek the cigarette substitute that only contains nicotine and do not contain harmful tar, it is to make such as " smoking cessation is pasted "
with purer nicotine that many inventions are arranged, " nicotine rinse water ", " be packaged in the high pressure gas holder spray of propellant ", "
nicotinamide chewing gum ", products such as " nicotine beverages ", though these products do not have the harm of tar, but because of nicotine absorbs
slowly, in blood, can not set up effective peak concentration, can not solve the sensation of demand nicotine " enjoyable ", also deprived simultaneously "
taking out " that the smoker has formed, the custom of " suction ", thereby the conduct that similar products like can not be real smoking cessation articles

for use or cigarette substitute.
The utility model content

In order to overcome above-mentioned deficiency, the purpose of this utility model is to provide a kind of Atmized electronic cigarrette with smoking
cessation and cigarette substitute effect.

The purpose of this utility model is achieved through the following technical solutions:
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The utility model comprises housing and suction nozzle, has air admission hole on the outer wall of housing, is provided with electronic circuit board,
common pressure chamber, sensor, gas-liquid separator, atomizer, supplying bottle in the housing successively; Wherein electronic circuit board is made
up of electronic switching circuit and radio-frequency generator; Side at sensor has the sensor gas channel, is provided with negative pressure cavity in the
sensor; Atomizer contacts with supplying bottle, is provided with atomization chamber in the inside of atomizer; Be provided with the back-up ring of
locking supplying bottle between one side of supplying bottle and the housing, the opposite side of supplying bottle has mist vapour passage; Air
admission hole, common pressure chamber, gas-liquid separator, atomizer, mist vapour passage, gas port, suction nozzle are connected successively;
Front end in the housing also comprises a light emitting diode and battery, constitutes the integral body of a cigarette holder shape, cigar shape or tobacco
pipe shape jointly.

Wherein: on the inwall of housing, be equipped with display screen; Be provided with in parallel with sensor is used for the manually microswitch of
cleaning in housing; Be provided with ripple film between sensor and its inner negative pressure cavity, also be provided with first magnet steel, second
magnet steel in the sensor and place between the two tongue tube, second magnet steel is fixed on the ripple film; Sensor is built-in with silica gel spare
non-return valve, is provided with the 3rd magnet steel in the valve, and the outer side near magnet steel of valve is provided with tongue tube; Have
through hole on the gas-liquid separator, be with silica gel spare non-return valve outside the through hole on gas-liquid separator; Have spout hole on the
atomization chamber wall of atomization chamber, atomization chamber is provided with calandria in the chamber, has long air-flow spray-hole in a side of
calandria, and porous body wraps in outside the atomization chamber wall, and a side of atomizer is provided with first piezoelectric patches, and opposite
side is provided with projection; Add second piezoelectric patches in the atomizer; Porous body in the atomizer can be made with nickel foam, stainless
steel fibre felt, macromolecule polymer foaming body and foamed ceramics; Calandria can be made with platinum filament, nichrome or the Aludirome silk
that contains rare earth element, also can be made into plates; The atomization chamber wall can be made with aluminium oxide or pottery; Gas-liquid
separator can be made with plastics or silicon rubber; Storage liquid porous body is housed in the supplying bottle, its available poly-third fiber, polyster
fibre or nylon fiber filling, or with plastic foamed formed body filling; Also available polyvinyl chloride, polypropylene, polycarbonate injection moulded
become multiple-plate column; Tongue tube, first magnet steel, second magnet steel, ripple film can replace with the semiconductor gauge that closing
membrane is arranged, and are installed in sensor ripple film position.

The invention also discloses the Atmized electronic cigarrette of another kind of structure, in housing, the atomizer postposition, supplying bottle is located
between gas-liquid separator and the atomizer, is equipped with at an end of supplying bottle supplying bottle is pressed on shell fragment on the atomizer.

The utility model has the advantages that: smoking does not have tar, reduces carcinogenic risk greatly, and the user still has the feeling and excitement of
smoking, need not to light no fire hazard.

Device of the present utility model and syndeton can be packed conventional medicine into for the feeding drug into pulmones apparatus after liquid
reservoir is changed a little.

Description of drawings

Fig. 1 is a kind of overall structure schematic diagram of the present utility model;

Fig. 2 is an another kind of overall structure schematic diagram of the present utility model;

Fig. 3 is the overall structure schematic diagram of the utility model band display screen;

Fig. 4 is the structure chart of the utility model sensor;

Fig. 5 has the sensor construction figure of silica gel spare non-return valve for the utility model;
Fig. 6 is the structure chart of a kind of atomizer of the utility model;

Fig. 7 is the structure chart of ceramic member in the utility model atomizer;

Fig. 8 is the structure chart of the another kind of atomizer of the utility model;

Fig. 9 is the structure chart of a kind of gas-liquid separator of the utility model;

Figure 10 is the structure chart of the another kind of gas-liquid separator of the utility model;
Figure 11 is the johning knot composition of the utility model supplying bottle and suction nozzle;
Figure 12 is circuit theory diagrams of the present utility model.

The specific embodiment

The utility model is described in further detail below in conjunction with accompanying drawing.
Embodiment one

As shown in Figure 1, the utility model can constitute the integral body of a cigarette holder shape, cigar shape or tobacco pipe shape.Have air admission

hole 4 on the outer wall of housing 14, be sequentially set with light emitting diode 1, battery 2, electronic circuit board 3, common pressure chamber 5,

sensor 6, gas-liquid separator 7, atomizer 9, supplying bottle 11, suction nozzle 15 in the housing 14.Electronic circuit board 3 is made up of electronic

switching circuit and radio-frequency generator.As shown in Figure 4, be provided with negative pressure cavity 8 in the sensor 6, separate by ripple film 22

and sensor 6.Also be provided with first magnet steel 20, second magnet steel 21 in the sensor 6 and place tongue tube 19, the second magnet steel 21

between the two to be fixed on the ripple film 22.Atomizer 9 contacts with supplying bottle 11 by protruding 36, and atomizer 9 inside are provided with

atomization chamber 10.As Fig. 6, shown in Figure 7, have spout hole 29 on the atomization chamber wall 25 of atomization chamber 10, be provided with

calandria 26 in the chamber, available platinum filament, nichrome or the Aludirome silk that contains rare earth element are made, and also can be made VPR EXhlblt

into plates.Side over against calandria 26 has spray-hole, and spray-hole can be selected long air-flow spray-hole 24 for use or lose heart stream spray-hole 20 1 6
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30 according to the material of atomization chamber wall 25.Long air-flow spray-hole 24 can adopt the single hole and the loose structure of 0.Tmm ~
1.3mm narrow slit structure or ® 0.2mm ~ 1.3mm circular hole; Lose heart stream spray-hole 30 diameter at 0.3mm ~ 1.3mm.Be surrounded by porous
body 27 outside the atomization chamber wall 25, available nickel foam, stainless steel fibre felt, macromolecule polymer foaming body and foamed
ceramics are made.On atomizer 9, also be provided with first piezoelectric patches 23.Atomization chamber wall 25 can be made with aluminium oxide or
pottery.As shown in Figure 9, have through hole on the gas-liquid separator 7, available plastics or silicon rubber are made.As shown in figure 11, be
provided with the back-up ring 13 of locking supplying bottle 11 between one side of supplying bottle 11 and the housing 14, opposite side has mist vapour
passage 12, storage liquid porous body 28 is housed in the bottle, available poly-third fiber, polyster fibre or nylon fiber filling, or with plastic foamed formed
body such as Polyurethane Thysanophyllum or the poly-third Thysanophyllum filling, also available polyvinyl chloride, polypropylene, polycarbonate
injection moulded become multiple-plate column.Air admission hole 4, common pressure chamber 5, gas-liquid separator 7, atomizer 9, mist vapour
passage 12, gas port 17, suction nozzle 15 are connected successively.

Shown in Figure 12 circuit theory diagrams; K1 is that tongue tube 19, RL are that calandria 26, LED1 are that light emitting diode 1, U2 are first
piezoelectric patches 23 for over, the M1 that the low-voltage detection lug is used for lithium battery, and C1, C2, R3, L1, C3, BG, M1 constitute bikini
electric capacity oscillator.Its circuit theory is: when K1 was closed, U1 was that the field-effect power tube is opened, RL work, and bikini electric capacity
oscillator starting of oscillation simultaneously, M1 reaches atomizing effect for atomizer 9 provides the high-frequency mechanical vibration ripple.

When smoker's smoking, suction nozzle 15 is in negative pressure state, and draught head between common pressure chamber 5 and the negative
pressure cavity 8 or high velocity air cause sensor 6 output enabling signals, is attached thereto electronic circuit board 3 work that connect.This moment,
sensor 6 interior ripple films 22 were out of shape, drive second magnet steel 21 away from tongue tube 19, tongue tube 19 is closed (being the K1

closure) under the excessive magnetic line of force effect of first magnet steel 20, start fet power pipe electronic switch (being that U1 opens), high-
frequency generator adopts bikini electric capacity oscillator, and frequency is at 550KHz to 8MHz, first piezoelectric patches, 23 resonance of the
automatic fine tuning of circuit medium frequency and annular, to the fluid molecule energy supply, light emitting diode 1 is luminous under rechargeable
battery 2 power supplies simultaneously.Atmosphere is entered in the common pressure chamber 5 by air admission hole 4, through sensor gas channel
18, the through hole on gas-liquid separator 7 flows to the atomization chamber 10 in the atomizer 9 again.The tobacco juice that drives in the porous body
27 through the high velocity air of spray-hole sprays in the atomization chamber 10 with the droplet form, ultrasonic atomizatio by first piezoelectric
patches 23, further atomizing under the effect of calandria 26 again, major diameter droplet after the atomizing attached wall under the effect of eddy
current is heavily absorbed by porous body 27 through spout hole 29, and the minor diameter droplet is suspended in the air-flow and forms aerosol and be
sucked out through mist vapour passage 12, gas port 17, suction nozzle 15.Storage liquid porous body 28 in the supplying bottle 11 contacts with the
projection 36 on the atomizer 9 realizes capillary infiltration feed flow.

Be shaped on screw thread on the suction nozzle 15, when the tobacco juice in the supplying bottle 11 was used up, rotatable suction nozzle 15 was
backed out it, takes out supplying bottle 11, and tobacco juice is injected in the supplying bottle 11, reloads in the housing 14, tightens suction nozzle 15.

Tongue tube 19, first magnet steel 20, second magnet steel 21, ripple film 22 is also available has the semiconductor gauge of closing membrane to
replace, and is installed in sensor ripple film position.

For simplified design, first piezoelectric patches 23 on the desirable atomizer 9 that disappears only depends on calandria 26 that tobacco juice is
atomized.It is less that the size of this atomizer can be done, and the syndeton of whole Atmized electronic cigarrette is identical with embodiment one.In
addition, also can be as shown in Figure 8, with first piezoelectric patches 23 in the atomizer 9, calandria 26 cancellations, in atomization chamber, add
individual layer or many laminations, plate shaped second piezoelectric patches 35, by the air-flow heart vibration therein focus point atomizing of spray-
hole, reach the effect of powerful ultrasonic atomization.

As shown in figure 10, the through hole of gas-liquid separator 7 also can be with silica gel spare non-return valve 31 outward.During smoking, air-flow
arrives through hole, because the air pressure in the through hole raises, makes silica gel spare non-return valve 31 open the air communication mistake;
During non-smoking, silica gel spare non-return valve 31 is closed.

As shown in Figure 5, sensor 6 also can be designed to have the structure of silica gel spare non-return valve 31.During smoking, air-flow converges in the
silica gel spare non-return valve 31, and air pressure raises, gas expands, and the 3rd magnet steel 34 in the valve is gradually near tongue tube 19, and
until tongue tube closure, open circuit, along with draught head continues to increase, open the gas outlet of silica gel spare non-return valve 31.Tongue
tube 19 also can replace with hall device or magnetodiode or magnetic sensitive transistor.

Embodiment two

As shown in Figure 2, in order to improve the feed flow state, in housing 14, atomizer 9 postposition, supplying bottle 11 is located between gas-liquid
separator 7 and the atomizer 9, is equipped with at an end of supplying bottle 11 supplying bottle 11 is pressed on shell fragment 33 on the atomizer 9, and
miscellaneous part and operation principle and embodiment are together.

On the inwall of the housing 14 of embodiment one, embodiment two described Atmized electronic cigarrettes, also can add digital display screen 32, be
used for showing number of times, the battery capacity of smoking every day.Sensor 6 adopts linear signal output, and be directly proportional with the
power of suction (being that the suction time big more, work is long more), atomizer 9 is pressed linear mode work, with the more real hommization
cigarette of simulation.

In housing 14, also be parallel with the microswitch 16 that is used for manual cleaning with sensor 6. When non-smoking, press microswitch 16, sensor 6
work in parallel with it, or residue and other contaminant removals in the housing 14 is clean.

The tobacco juice that is used to atomize contains 0.4 ~ 3.5% nicotine, flavouring essence for tobacco 0.05 ~ 2%, and organic acid 0.1 ~ 3.1%, antioxidant
0.1 ~0.5%, surplus is 1, the 2-propane diols.
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Simulation aerosol inhaler

Abstract

The utility model relates to an electronic suction apparatus, in particular to an emulated

aerosol inhalator which contains only nicotine without tar and comprises a battery

component, an atomizer component and a cigarette bottle component, and an electrode

with an outer thread is arranged at one end of the battery component, an electrode with an

inner thread is arranged at one end of the atomizer component, and the electrode with the

outer thread and the electrode with the inner thread are connected through a thread Other languages: Chinese
electrode; furthermore, the cigarette bottle component is plugged into the other end of the

atomizer component, thus being combined together into a whole cigarette-typed or cigar- Inventor: 73
typed body. The utility model contains no tar for smokers, greatly reduces carcinogenic
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1. emulation aerosol inhalator, it is characterized in that comprising battery component, atomizer assembly and cigarette bottle assembly, described cigarette
bottle assembly comprises the tobacco juice bottle, described atomizer assembly comprises atomizer, its cigarette bottle modular connector constitutes the
integral body of a cigarette type or cigar type jointly at an end of atomizer assembly.

2. emulation aerosol inhalator according to claim 1 is characterized in that an end of described battery component is provided with the external screw
thread electrode, and an end of atomizer assembly is provided with the internal thread electrode, and both are connected by the screw thread electrode.

3. emulation aerosol inhalator according to claim 1 and 2, it is characterized in that battery component comprises lithium battery, MOSFET circuit board,
sensor, the first screw thread electrode, the first negative pressure lumen pore and first housing, one end of first housing is provided with the external
screw thread electrode, opposite side connects lithium battery and MOSFET circuit board successively, and the MOSFET circuit board is provided with
sensor.

4. emulation aerosol inhalator according to claim 3, it is characterized in that described battery component also comprises silicon rubber ripple barrier film,
silicon rubber ripple barrier film is installed between the first screw thread electrode and sensor, have the first negative pressure lumen pore on it, sensor is
connected with silicon rubber ripple barrier film by affixed reed switch thereon.

5. emulation aerosol inhalator according to claim 3 is characterized in that described battery component comprises that also the other end of indicator
lamp, first housing is equipped with indicator lamp, and the one side is covered with indicator-lamp cover, has micropore on the indicator-lamp cover;

Between MOSFET circuit board and sensor, be equipped with MCU; First surface of shell is equipped with display screen. VPR EXhlblt
2016
https://patents.google.com/patent/CN201067079Y/en?0q=CN201067079Y 1/42
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6. emulation aerosol inhalator according to claim 5 is characterized in that described MCU is the battery saving mode scanning sensor with pulse, realizes
with frequency the integral function of single working time being done the restriction of atomizing dosage according to the signal parameter of sensor;
Simultaneously, MCU finishes and the pulsewidth modulation of the permanent power output of electric current and over, thousands of automatic cleaning
functions of every work, indicator lamp gradually bright is put out gradually control, work number of times and battery capacity show, the sensor
misoperation is shut down and recovered automatically to control; Described indicator lamp is the light emitting diode of two redness.

7. emulation aerosol inhalator according to claim 3 is characterized in that described sensor is the switching regulator sensor made from the elastic alloy
sheet, hall device, the quick chip of semiconductor power, semiconductor matrix thermal bridge chip or the electric capacity and the inductance type
transducer of linear output.

8. emulation aerosol inhalator according to claim 4 is characterized in that described silicon rubber ripple barrier film makes with fluorubber, acrylonitrile-
butadiene rubber or elastic alloy film.

9. emulation aerosol inhalator according to claim 3 is characterized in that described external screw thread electrode is that the gold-plated mesopore of
opening of stainless steel or brass spare is made; Described lithium battery is chargeable poly-lithium battery or chargeable lithium ion battery.

10. emulation aerosol inhalator according to claim 1 and 2, it is characterized in that described atomizer assembly comprises internal thread electrode,
atomizer and second housing, one end of second housing and cigarette bottle assembly plug, and the other end is provided with the internal thread
electrode, which is provided with the second negative pressure lumen pore.

11. emulation aerosol inhalator according to claim 3, it is characterized in that described atomizer assembly comprises internal thread electrode, atomizer
and second housing, one end of second housing and cigarette bottle assembly plug, and the other end is provided with the internal thread electrode, which
is provided with the second negative pressure lumen pore.

12. emulation aerosol inhalator according to claim 11 is characterized in that described atomizer assembly comprises gas-liquid separator, gas-liquid
separator is connected with the internal thread electrode successively with atomizer; On second housing, have the air inlet duct.

13. emulation aerosol inhalator according to claim 12 is characterized in that described internal thread electrode is that the gold-plated mesopore of
opening of stainless steel or brass spare is made; Described gas-liquid separator is to make with stainless steel or plastics perforate.

14. emulation aerosol inhalator according to claim 10 is characterized in that described atomizer is capillary infiltration type atomizer or injecting type
atomizer, is provided with calandria in the atomizer; Have spray-hole on the injecting type atomizer.

15. emulation aerosol inhalator according to claim 11 is characterized in that described atomizer is capillary infiltration type atomizer or injecting type
atomizer, is provided with calandria in the atomizer; Have spray-hole on the injecting type atomizer.

16. emulation aerosol inhalator according to claim 15 is characterized in that described spray-hole is to make with foamed ceramics, micropore ceramics,
foaming metal, stainless steel fibre felt or chemical fibre moulding perforate.

17. emulation aerosol inhalator according to claim 15, it is characterized in that described calandria is to make with being wound with nichrome wire,
Aludirome silk or platinum filament thermo electric material on the micropore ceramics skeleton, or the porous body of the band sintered electrode of
directly making with conductivity ceramics or PTC ceramic material; The surface of calandria sinters high-temperature glaze into fixing zeolite granular, and
zeolite granular is made by natural zeolite, artificial inorganic micropore ceramics or alumina particle.

18. emulation aerosol inhalator according to claim 3, it is characterized in that described cigarette bottle assembly comprises tobacco juice bottle, fiber
and suction nozzle, the fiber that has tobacco juice is contained in an end of tobacco juice bottle, this end is plugged in second housing, is connected on
the atomizer, suction nozzle is positioned at the other end of tobacco juice bottle, leaves air-breathing duct between the inwall of fiber and tobacco juice
bottle.

19. emulation aerosol inhalator according to claim 11, it is characterized in that described cigarette bottle assembly comprises tobacco juice bottle, fiber
and suction nozzle, the fiber that has tobacco juice is contained in an end of tobacco juice bottle, this end is plugged in second housing, is connected on
the atomizer, suction nozzle is positioned at the other end of tobacco juice bottle, leaves air-breathing duct between the inwall of fiber and tobacco juice
bottle.

20. emulation aerosol inhalator according to claim 18, it is characterized in that described tobacco juice bottle, suction nozzle are to make with non-toxic
plastic: described fiber is to make with polypropylene fibre or nylon fiber.

Description

Emulation aerosol inhalator
Technical field

The utility model relates to the electronics suction apparatus, does not specifically a kind ofly contain tar, only contains the emulation aerosol inhalator of
nicotine (nicotine).

Background technology

Become under the situation of general knowledge current " Smoking is harmful to your health ", the whole world still has 1,000,000,000 people's smokings
at present, and annual this numeral is also enlarging.First international ban on opium-smoking and the opium trade agreement " Framework Convention on VPR EXhlblt
Tobacco Control " that on March 1st, 2003, The World Health Organization (WHO) passed through, the numeral that provides according to WHO shows, 20 1 6
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smoking causes 4,900,000 people's death every year, although smoking can cause serious respiratory disease and cancer, allowing the smoker give up
smoking fully is extremely difficult thing.

The active ingredient of cigarette is nicotine (being nicotine); after entering alveolar, a large amount of tar droplets that nicotine produces along with
cigarette combustion during smoking absorbed rapidly; nicotine acts on the acceptor of central nervous system after being absorbed into blood; cause
similar anti-depressant " euphoria ", as having a dizzy spell or smug sensation that the smoker experienced.

Nicotine is little molecular biosciences alkali, and is harmless substantially to human body under low dose, and the half-life in blood is extremely short.The
harmful substance of tobacco mainly is a tar, and tobacco tar is to become to be grouped into by thousands of kinds, and it is carcinogenic substances
that tens of kinds of compositions are wherein arranged.Confirm that at present passive smoking is bigger to non-smoker's harm.

In order to seek the cigarette substitute that only contains nicotine and do not contain harmful tar, it is to make such as " smoking cessation is pasted "
with purer nicotine that many inventions are arranged, " nicotine rinse water ", " be packaged in the high pressure gas holder spray of propellant ", "
nicotinamide chewing gum ", products such as " nicotine beverages ", though these products do not have the harm of tar, but because of nicotine absorbs
slowly, in blood, can not set up effective peak concentration, can not solve the sensation of demand nicotine " enjoyable ", also deprived simultaneously "
taking out " that the smoker has formed, the custom of " suction ", thereby the conduct that similar products like can not be real smoking cessation articles

for use or cigarette substitute.
The utility model content
The utility model purpose is to provide a kind of emulation aerosol inhalator that smoking cessation and cigarette substitute effect are arranged.

The technical solution of the utility model is the inventor: 200420031182.0 international application no are: the utility model of PCT/CN2005/000337 "
Atmized electronic cigarrette " patent innovative.

The purpose of this utility model is achieved through the following technical solutions:

The utility model comprises battery component, atomizer assembly and cigarette bottle assembly, one end of battery component is provided with the
external screw thread electrode, one end of atomizer assembly is provided with the internal thread electrode, both are connected by the screw thread
electrode, cigarette bottle modular connector constitutes the integral body of a cigarette type or cigar type jointly at the other end of atomizer assembly.

Wherein: battery component comprises indicator lamp, lithium battery, the MOSFET circuit board, sensor, silicon rubber ripple barrier film, the first screw
thread electrode, the first negative pressure lumen pore and first housing, one end of first housing is provided with the external screw thread electrode, the
other end is equipped with indicator lamp, the one side is covered with indicator-lamp cover, have micropore on the indicator-lamp cover, opposite side
connects lithium battery and MOSFET circuit board successively, the MOSFET circuit board is provided with sensor, silicon rubber ripple barrier film is
installed between the first screw thread electrode and sensor, have the first negative pressure lumen pore on it, sensor is connected with silicon rubber
ripple barrier film by affixed reed switch thereon; Between MOSFET circuit board and sensor, be equipped with MCU; First surface of shell is equipped with
display screen; Described MCU is the battery saving mode scanning sensor with pulse, realizes with frequency the integral function of single working time
being done the restriction of atomizing dosage according to the signal parameter of sensor; Simultaneously, MCU finishes and the pulsewidth modulation
of the permanent power output of electric current and over, thousands of automatic cleaning functions of every work, indicator lamp gradually bright is put
out gradually control, work number of times and battery capacity show, controls such as automatic recovery are shut down in the sensor misoperation;
Described sensor can be the switching regulator sensor made from the elastic alloy sheet, hall device, the quick chip of semiconductor power,
semiconductor matrix thermal bridge chip or the electric capacity and the inductance type transducer of linear output; Described indicator lamp is the light
emitting diode of two redness; The also available fluorubber of described silicon rubber ripple barrier film, acrylonitrile-butadiene rubber or elastic alloy film
are made; Described external screw thread electrode is that the gold-plated mesopore of opening of stainless steel or brass spare is made; Described
lithium battery can be chargeable poly-lithium battery or chargeable lithium ion battery; Described atomizer assembly comprises internal thread electrode,
gas-liquid separator, atomizer and second housing, one end of second housing and cigarette bottle assembly plug, the other end is provided with the
internal thread electrode, which is provided with the second negative pressure lumen pore, and gas-liquid separator is connected with the internal thread
electrode successively with atomizer; On second housing, have the air inlet duct; Described internal thread electrode is that the gold-plated mesopore of
opening of stainless steel or brass spare is made; Described gas-liquid separator is to make with stainless steel or plastics perforate; Described atomizer
can be capillary infiltration type atomizer or injecting type atomizer, is provided with calandria in the atomizer; Have spray-hole on the injecting type
atomizer; Described spray-hole is to make with foamed ceramics, micropore ceramics, foaming metal, stainless steel fibre felt or chemical fibre moulding
perforate; Described calandria is to make with being wound with thermo electric materials such as nichrome wire, Aludirome silk or platinum filament on
the micropore ceramics skeleton, the porous body of the band sintered electrode of also can be directly making with conductivity ceramics or PTC ceramic
material; The surface of calandria sinters high-temperature glaze into fixing zeolite granular, and zeolite granular is made by natural zeolite, artificial
inorganic micropore ceramics or alumina particle; Described cigarette bottle assembly comprises tobacco juice bottle, fiber and suction nozzle, the fiber
that has tobacco juice is contained in an end of tobacco juice bottle, this end is plugged in second housing, is connected on the atomizer, and suction
nozzle is positioned at the other end of tobacco juice bottle, leaves air-breathing duct between the inwall of fiber and tobacco juice bottle; Described
tobacco juice bottle, suction nozzle are to make with non-toxic plastic; Described fiber is to make with polypropylene fibre or nylon fiber; The tobacco juice
that is used to atomize in the described fiber contains 0.1 ~ 3.5% nicotine, 0.05 ~ 5% flavouring essence for tobacco, and 0.1 ~ 3% organic acid, 0.1 ~ 0.5%
stabilizing agent, surplus is a propane diols; Described inhalator and syndeton thereof can be packed conventional medicine into as inhalation-type drug
administration apparatus in the lung.

Advantage of the present utility model and good effect are:

The utility model smoking does not have tar, greatly reduces carcinogenic risk, and the user still has the feeling and excitement of smoking, need not to
light no fire hazard.Device of the present utility model and syndeton can be packed conventional medicine into as inhalation-type drug administration
apparatus in the lung.

Description of drawings VPR EXhlblt
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Fig. 1 is the schematic appearance of the utility model cigarette type;

Fig. 2 Ais a kind of structural representation of the utility model battery component;

Fig. 2 B is the another kind of structural representation of the utility model battery component;
Fig. 3 is the schematic diagram of the utility model atomizer assembly;

Fig. 4 is the schematic diagram of the utility model cigarette bottle assembly;

Fig. 5 Ais a kind of internal structure schematic diagram of the present utility model;

Fig. 5 B is an another kind of internal structure schematic diagram of the present utility model;
Fig. 6 is the structural representation of the utility model charger;

Fig. 7 is the circuit theory diagrams of the utility model MCU and MOSFET;

Fig. 8 is the structural representation of the utility model capillary infiltration type atomizer;

Fi

g. 9 is the left view of Fig. 8;

Figure 10 is the structural representation of the utility model injecting type atomizer;

Figure 11 is the left view of Figure 10;

Figure 12 is the structural representation of the utility model cigar formula profile.

The specific embodiment

The utility model is described in further detail below in conjunction with accompanying drawing.
Embodiment 1

As shown in Figure 1, outward appearance of the present utility model and the cigarette appearance similar that inserts cigarette holder, comprise battery
component, atomizer assembly and cigarette bottle assembly, one end of battery component is provided with external screw thread electrode 209, one end
of atomizer assembly is provided with internal thread electrode 302, both link to each other by the screw thread electrode and are connected into the
simulation smoke, and cigarette bottle modular connector constitutes a cigarette type emulation aerosol inhalator jointly at the other end of atomizer
assembly.

Shown in Fig. 2 A, battery component comprises indicator lamp 202, lithium battery 203, MOSFET circuit board 205, sensor 207, silicon rubber ripple barrier
film 208, the first screw thread electrode 209, the first negative pressure lumen pore 210 and first housing 211, one end of first housing 211 is provided
with external screw thread electrode 209, the other end is equipped with indicator lamp 202, the one side is covered with indicator-lamp cover 201, have
micropore 501 on the indicator-lamp cover 201, opposite side connects lithium battery 203 and MOSFET (metal oxide semiconductor field effect tube)
circuit board 205 successively, MOSFET circuit board 205 is provided with sensor 207, silicon rubber ripple barrier film 208 is installed between the first
screw thread electrode 209 and sensor 207, have the first negative pressure lumen pore 210 on it, sensor 207 is connected with silicon rubber ripple barrier
film 208 by affixed reed switch 212 thereon.

Wherein: sensor 207 can be the switching regulator sensor made from the elastic alloy sheet, hall device, the quick chip of semiconductor power,
semiconductor matrix thermal bridge chip or the electric capacity and the inductance type transducer of linear output.Indicator lamp 202 is the light
emitting diode of two redness.Lithium battery 203 can be chargeable poly-lithium battery or chargeable lithium ion battery.External screw thread electrode
209 is made for stainless steel or the gold-plated mesopore of opening of brass spare.Silicon rubber ripple barrier film 208 also available fluorubber,
acrylonitrile-butadiene rubber or elastic alloy film are made.

As shown in Figure 3, atomizer assembly comprises internal thread electrode 302, gas-liquid separator 303, atomizer 307 and second housing 306, one
end of second housing 306 and cigarette bottle assembly plug, the other end is provided with internal thread electrode 302, which is provided with the
second negative pressure lumen pore 301, gas-liquid separator 303 is connected with internal thread electrode 302 successively with atomizer 307; On
second housing 306, have air inlet duct 502.Wherein: gas-liquid separator 303 is to make with stainless steel or plastics perforate.Internal thread electrode
302 is made for stainless steel or the gold-plated mesopore of opening of brass spare.

Atomizer 307 can be capillary infiltration type atomizer as Fig. 8, shown in Figure 9, or as Figure 10, shown in Figure 11, is the injecting type
atomizer.Present embodiment is the injecting type atomizer.

As shown in Figure 4, cigarette bottle assembly comprises tobacco juice bottle 401, fiber 402 and suction nozzle 403, the fiber 402 that has tobacco juice
is contained in an end of tobacco juice bottle 401, this end is plugged in second housing 306, is connected on the atomizer 307, suction nozzle 403 is
positioned at the other end of tobacco juice bottle 401, leaves air-breathing duct 503 between the inwall of fiber 402 and tobacco juice bottle 401.

Shown in Fig. 5 A, of the present utility model treat duty with shown in Fig. 2 A, charge the electricity battery component be tightened on the atomizer
assembly shown in Figure 3, insert cigarette bottle assembly shown in Figure 4 again.As user during with suction suction nozzle 403 fond of food that is
not salty, on silicon rubber ripple barrier film 208, form negative pressure through air-breathing duct 503 and first and second negative pressure lumen pore
210,301, silicon rubber ripple barrier film 208 is Zona transformans movable contact spring switch 212 and sensor 207 under the effect of air-breathing
pressure reduction, starts MOSFET circuit board 205.At this moment, indicator lamp 202 lights gradually, and lithium battery 203 calandria 305 power
supplies in atomizer 307 by MOSFET circuit board 205 and internal and external screw thread electrode 302,209 make the calandria 305 in the atomizer

307 produce heat.Contain tobacco juice in the fiber 402 in the tobacco juice bottle 401, the micropore ceramics 801 that tobacco juice soaks in the VPR EXhlblt
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atomizer through fiber 402; Air is entered by air inlet duct 502, in the passage on the gas-liquid separator 303, spray-hole 304, form gas-liquid mixture at
atomizer 307, gas-liquid mixture is ejected into vaporization on the calandria 305, and be inhaled into rapidly in the air-flow of gas and be condensed into
aerosol, become white vaporific aerosol through air-breathing duct 503 by suction nozzle 403 sucking-offs.

When air-breathing stopping, reed switch 212 and sensor 207 reset, and atomizer 307 quits work, indicator lamp 202 extinguishes gradually, when the work
number of times reaches default numerical value, atomizer 307 work time-delays 5 to 20 seconds once, with the micro-incrustation on the cleaning
calandria 305.

The feed flow material of atomizer 307 also can be selected foamed ceramics, micropore glass, foaming metal, stainless steel fibre felt, polyster fibre,
nylon fiber, acrylic fiber, aramid fiber or hard porous plastics for use except that micropore ceramics.Calandria 305 can adopt thermo electric materials
such as being wound with nichrome wire, Aludirome silk, platinum filament on the micropore ceramics skeleton, the porous body of the band sintered
electrode of also can be directly making with conductivity ceramics or PTC (positive temperature coefficient thermal sensitive ceramic) material.The
surface of calandria 305 sinters high-temperature glaze into fixing zeolite granular, and zeolite granular is made by natural zeolite, artificial inorganic
micropore ceramics or alumina particle.Tobacco juice bottle 401 usefulness in the cigarette bottle assembly, suction nozzle 403 are to make with non-toxic
plastic, in be stained with the fiber 402 made with polypropylene fibre or nylon fiber with the absorption tobacco juice.In battery component, have
micropore 501 on the indicator-lamp cover 201, be used for the pressure reduction of balance silicon rubber ripple barrier film 208 both sides.

The tobacco juice that is used to atomize contains 0.1 ~ 3.5% nicotine, 0.05 ~ 5% flavouring essence for tobacco, and 0.1 ~ 3% organic acid, 0.1~ 0.5%
stabilizing agent, surplus is a propane diols.

First and second shell of the present utility model 211,306 is made the baking vanish color of exterior trim emulation cigarette by stainless steel tube or
copper alloy tube.

As shown in figure 12, also can the scale up diameter of battery component of the utility model makes it consistent with the diameter of atomizer
assembly, and be decorated with plant leaf vein texture and the pale brown look baking vanish of inferior light on shell, becomes cigar type emulation
aerosol inhalator.

Lithium battery 203 of the present utility model recharge available shown in Figure 6 have with battery component on the screw thread electrode 601 that
is complementary of external screw thread electrode 209 do the interface charging.

Embodiment 2

Shown in Fig. 2 B, present embodiment is with embodiment 1 different heres: be equipped with MCU206 between MOSFET circuit board 205 and sensor
207; First housing, 211 surfaces are equipped with display screen 204, are used to show the electric weight of lithium battery 203 and the number of times
of smoking.

Shown in Fig. 5 B, of the present utility model treat duty with shown in Fig. 2 B, charge the electricity battery component be tightened on the atomizer
assembly shown in Figure 3, insert cigarette bottle assembly shown in Figure 4 again.As user during with suction suction nozzle 403 fond of food that is
not salty, on silicon rubber ripple barrier film 208, form negative pressure through air-breathing duct 503 and first and second negative pressure lumen pore
210,301, silicon rubber ripple barrier film 208 is Zona transformans movable contact spring switch 212 and sensor 207 under the effect of air-breathing
pressure reduction, starts MCU206 and MOSFET circuit board 205.At this moment, indicator lamp 202 lights gradually, and lithium battery 203 calandria
305 power supplies in atomizer 307 by MOSFET circuit board 205 and internal and external screw thread electrode 302,209 make the calandria 305 in the
atomizer 307 produce heat.Contain tobacco juice in the fiber 402 in the tobacco juice bottle 401, the micropore ceramics 801 that tobacco juice soaks in
the atomizer through fiber 402; Air is entered by air inlet duct 502, in the passage on the gas-liquid separator 303, spray-hole 304, form gas-liquid mixture at
atomizer 307, gas-liquid mixture is ejected into vaporization on the calandria 305, and be inhaled into rapidly in the air-flow of gas and be condensed into
aerosol, become white vaporific aerosol through air-breathing duct 503 by suction nozzle 403 sucking-offs.

As shown in Figure 7, when aspiratory action caused that sensor starts, MCU206 realized with frequency the integral function of single working time being
done the restriction of atomizing dosage according to the signal parameter of sensor 207 with the battery saving mode scanning sensor 207 of
pulse.Simultaneously, MCU206 finishes and the pulsewidth modulation of the permanent power output of power supply and over, thousands of automatic
cleaning functions of every work, indicator lamp gradually bright is put out gradually control, work number of times and battery capacity show, control
functions such as recovery are certainly shut down in the sensor misoperation.

Device of the present utility model and syndeton also can be packed conventional medicine into as inhalation-type drug administration apparatus in the
lung.

Patent Citations (209) a

Publication number Priority date Publication date ~ Assignee Title

Family To Family Citations

US2057353A 1936-10-13 Vaporizing unit fob therapeutic

US705919A 1901-11-15 1902-07-29 Edwin R Gill Electric battery.

US1147416A 1912-01-25 1915-07-20 Udolpho Snead Vaporizing device. VPR EXhlblt
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DESCRIPTION CN201104488Y

10 Non-flammable spray electronic cigarette

[0001]
14 Technical field

[0002]
18 The utility model relates to a non-flammable spray electronic cigarette.

[0003]
22 Background technique

[0004]

26 Nowadays, "smoking is harmful to health" has become common knowledge. There are still more than 1 billion
smokers in the world. The U.S. Environmental Protection Agency currently declares tobacco mist in the air as
a Class A carcinogen.

29 According to figures released by the World Health Organization and other departments, about 4.9 million
people die from smoking-related diseases each year; however, for various reasons, it is extremely difficult for
smokers to quit smoking completely.

[0005]

35 Nicotine is a small molecular alkaloid, which can make people addicted to smoking, is basically harmless to the
human body in small doses, and has an extremely short half-life in the blood.

37 Harmful substances in tobacco such as cigarette tar, carbon monoxide, benzopyrene, polycyclic aromisii;R Exhibit
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hydrocarbons, nitrosamines, azo impurities, etc. are all strong carcinogens, which have caused great harm to
human survival and health, and second-hand smoke The harm to the surrounding people is even greater! The
pollution of tobacco to the environment cannot be ignored. The latest research by Italian scientists shows that
the pollution caused by smoking smoke may exceed the pollution caused by some car engine exhaust!

[0006]

45 In order to find that it can meet the needs of smoking for cigarette addiction, but also minimize the harm of
tobacco, and finally quit smoking.

47 Many utility models make small doses of nicotine into products such as: "quit smoking patch”, "nicotine
mouthwash", "nicotine chewing gum" and other products. Although these products have certain effects, they
do not have other harmful effects such as cigarette tar. The harm of substances, but it is incompatible with the
habit of smoking, which has been cultivated for many years, and it is difficult to be accepted by smokers.

[0007]

54 Summary of the invention

[0008]

58 The purpose of the utility model is to provide an environmentally friendly non-flammable spray electronic
cigarette with the function of a cigarette substitute, which avoids the above-mentioned shortcomings, is closer
to a real humanized cigarette, and has no environmental pollution.

[0009]

64 The purpose of the utility model is achieved through the following technical solutions: a non-flammable spray
electronic cigarette, including a controller and a generator, the control assembly is sequentially provided with
an indicator cover, a power supply device, an integrated circuit board, and a micro A gas-driven switch and a
connecting conductor. The generator is provided with a connecting conductor, a secondary air pressure
holding chamber, a liquid barrier, a secondary liquid storage chamber, a heater, a liquid guiding mechanism, a
liquid storage chamber and a suction nozzle in sequence. An air inlet is opened on one side of the connecting
conductor, and a through hole is opened between the connecting conductor of the controller and the
generator.

[0010]
75 The technical proposal of the utility model also includes: a pair of concealed ventilation holes are opened on
the side of the indicator cover, and a light-emitting LED is arranged under the indicator cover.

[0011] VPR Exhibit
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s0 The technical scheme of the utility model also includes: the indicator light cover, the power supply device, the
integrated circuit board, the miniature gas transmission switch and the connecting conductor are provided
with a stainless steel shell outside, the connecting conductor, the liquid blocking sheet, and the secondary
liquid storage chamber , The heater, the liquid guide mechanism, the liquid storage chamber and the outside of
the suction nozzle are provided with a heat insulation layer and a stainless steel shell.

[0012]
s8 The technical scheme of the utility model also includes: an elastic ring is arranged inside the micro gas
transmission switch, and the micro gas transmission switch is opened into two independent chambers.

[0013]

93 The technical scheme of the utility model also includes: the miniature gas transmission switch also includes a
fixed contact piece, a plastic base and a moving contact piece. The moving contact piece is connected to an
elastic ring through a plastic rod, and the elastic ring is fixed in the plastic base. The contact piece is fixed
outside the plastic base.

[0014]

100 The technical solution of the present invention also includes: a secondary switch air valve is also provided on
the right side of the connecting conductor, and a secondary air pressure holding chamber formed thereby,
and an air inlet hole is provided on the side.

[0015]

106 The technical solution of the present invention also includes: the connecting conductor includes two hollow
cylindrical conductors, an internal thread and an external thread, the hollow cylindrical conductor is
connected to the positive electrode of the heater's lead-in wire, and the internal thread is connected to the
external thread. Thread the negative pole of the lead-in wire of the heater.

[0016]

113 The technical scheme of the present invention also includes: the heater includes a heating wire and a heat
insulation seat outside of the heater, and injection holes and overflow holes are respectively opened on the
bottom and side of the heat insulation seat.

[0017]
119 The technical scheme of the present invention also includes: the outer side of the suction nozzle is extended to
the bottom of the liquid blocking device, and a liquid blocking groove is opened inside the suction nozzle.
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[0018]

124 The technical effect of the new form of the utility model is that smoking has no harmful substances such as tar
and carbon monoxide, which greatly reduces the risk of carcinogenesis. The user still has the feeling of
smoking, does not need to be ignited, and there is no fire hazard. The smoke that it sucks is actually liquid
liquid vaporized water. Steam, no environmental pollution.

[0019]
131 The features and advantages of the present invention will be described in detail through embodiments in
conjunction with the drawings.

[0020]
136 Description of the drawings

[0021]
140 Fig. 1 is a schematic diagram of the disassembled structure of a non-flammable spray electronic cigarette
according to an embodiment of the present utility model;

[0022]
1452 is a schematic diagram of the overall structure of a non-flammable spray electronic cigarette according to an
embodiment of the present invention;

[0023]
150 3 is a schematic diagram of the structure of a miniature gas-driven switch in a combustible electronic spray
cigarette according to an embodiment of the present invention;

[0024]

1554 is a structural diagram of the connection structure between the liquid guide mechanism and the atomization
chamber and the liquid storage core in the combustible electronic spray cigarette according to the
embodiment of the present invention;

[0025]
161 F1G. 5 is a schematic structural diagram of a pneumatic transmission switch in a non-flammable spray
electronic cigarette according to an embodiment of the present invention;
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[0026]
166 6 Is @ schematic diagram of the structure of the heater and the liquid guiding mechanism in the non-flammable
spray electronic cigarette according to the embodiment of the present invention;

[0027]
171 Fig. 7 is a circuit diagram of an integrated circuit board in a non-flammable spray electronic cigarette
according to an embodiment of the present invention.

[0028]
176 Detailed ways

[0029]
180 Please refer to FIG. 1, the non-flammable spray electronic cigarette of this embodiment includes a controller
100 and a generator 200.

[0030]

185 As shown in Figure 1, a transparent signal indicator cover 14 is provided at one end of the controller 100, and
a pair of concealed vent holes are opened on the side of the indicator cover 14, and a connecting conductor 6
is provided at the other end for communication with the generator. 200 are connected into a whole; there is a
light-emitting LED under the indicator cover 14; a rechargeable lithium battery 2, an integrated circuit board
3, amicro gas transmission switch 4, and a negative pressure chamber are arranged in sequence from the
indicator cover 14 to the connecting conductor 6. 5. The outside of the controller 100 is a stainless steel shell.

191 The rechargeable lithium battery 2 is built-in. The connecting conductor 6 of the controller 100 can be
connected to a charger to realize charging, and after being connected to the generator 200, an
environmentally friendly non-flammable spray electronic cigarette can be formed.

[0031]
197 The generator 200 is also provided with a connecting conductor 6 on one side, and a cigarette holder 13 on
the other side. From the cigarette holder 13 side, there are a liquid storage chamber 12, a liquid guiding
mechanism 11, a heater 9, and a secondary liquid storage chamber 10 in sequence. , The liquid barrier 8 and
the secondary air pressure holding chamber 7; the generator 200 has a heat insulation layer and a stainless
steel shell respectively, and the extension of the suction nozzle 13 includes the generator 200 in it, and is
connected to the generator 200 An air inlet hole is also opened on one side of the conductor 6, an air flow
channel is provided between the suction nozzle 13 and the liquid reservoir 12, and a liquid blocking groove is
opened at the bottom of the suction nozzle 13.
205 The controller 100 and the generator 200 are connected by a side conductor 6 with a vent hole in the [{}'ﬂﬂeExhibi ¢
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which connects the negative pressure chamber 5 and the secondary pressure holding chamber 7; there is an
inlet on the side where the controller and the generator are connected. Stoma; the liquid barrier 8 prevents the
liquid from flowing back; the secondary liquid storage chamber 10 temporarily stores the liquid medicine, the
liquid guiding mechanism 11 is in contact with the liquid medicine, and there is an atomizing studio inside
the liquid guiding mechanism 11; around the periphery of the liquid medicine core There is a fog channel
with a liquid medicine in the middle.

[0032]

215 As shown in FIG. 3, there is an elastic ring 401 inside the micro gas transmission switch 4, the cross section of
the elastic ring 401 is W-shaped, the micro gas transmission switch is opened into two independent
chambers, and the elastic ring 401 is connected There is an extended soft film, and a plastic rod 402 is installed
in the soft film to connect the elastic ring 401 and the movable contact piece 406.

219 The elastic ring 401 is fixed in the plastic base 405.

220 The integrated circuit board 3 is provided with two fixed contact pieces 403 and 404 extending toward the
elastic ring 401, and the fixed contact pieces 403 and 404 are fixed outside the plastic base 405.

[0033]

225 As shown in Figure 4, a secondary switch air valve 701 is also provided on the right side of the connecting
conductor 6, and an air inlet 702 is provided on the side. When the user sucks, the airflow enters from the air
inlet 702. The switch air valve 701 is opened by the air flow. Under the action of the air flow, a negative
pressure chamber 5 is formed between the right side of the elastic ring 401 and the connecting conductor 6;
the elastic ring 401 moves to the right under the action of the negative pressure. At the same time, the
movable contact piece 406 connected to the plastic rod 402 is driven to move to the right, so as to be
connected to the fixed contact piece 403 connected to the integrated circuit board 3; and when the user's
suction is reduced, the secondary switch air valve 701 is closed, Block the air inlet 702 to maintain the negative
pressure chamber 5 for a certain period of time. Only when the user stops sucking, the airflow quickly enters
the negative pressure chamber 5 from the hollow channel 606 of the connecting conductor 6, and the
negative pressure disappears immediately, and the elasticity is round. The ring 401 returns to its original
position under the action of elastic force, the plastic rod 402 moves to the left, the movable contact piece 406
is disconnected from the fixed contact piece 403, and the switch can be turned on and off under the action of
a small air flow, thereby controlling the heater 9 Real-time heating.

239 Among them, the elastic ring 401 can be made of rubber or silica gel.

[0034]

243 The connecting conductor 6 is respectively composed of an inner thread 603 and an outer thread 604 to form
a connecting outer ring, which is used to connect the negative electrode of the heater's lead-in lead, and two
hollow cylindrical conductors 601 and 603 are connected to the positive electrode of the heater’s lead-in lead;
The two connecting conductors are separated by an insulating material ring 605 between them.

247 The controller 100 and the generator 200 are connected with the contact copper cap of the center thn{y?ﬁ{aExhibi ¢
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screw thread.

[0035]

252 As shown in Figure 5, the heater 9 includes a heating wire 901 and a heat-insulating seat 902 on the outside.
The bottom and side of the heat-insulating seat 902 are respectively provided with injection holes 904 and
overflow holes 903, and on the right side of the heater 9 there are The liquid guide mechanism 11, the liquid
guide mechanism 11 is composed of a support frame 1101 and a liquid guide 1102. The support frame 1101
plays a fixed role. The liquid guide 1102 is made of multilayer nickel foam mesh or other metal porous bodies.
The left side of the heater 9 is The secondary liquid storage chamber 10, the liquid barrier 8, the heating wire
901 can be made of platinum wire, nickel-chromium alloy or iron-chromium-aluminum alloy wire
containing rare earth elements, or it can be made into a sheet or ring, and the heat insulation seat 902 It can be
made of ceramics.

261 The secondary liquid storage chamber 10 is composed of multiple layers of foamed nickel mesh filled at the
bottom and the periphery of the heat insulation seat 902. One end of the liquid guiding mechanism 11 is
connected to the secondary liquid storage chamber 10 through the liquid guiding 1101, and the other end is
in contact with the liquid storage chamber 12, The liquid storage chamber 12 is a tube with an open end, and
the medicinal cotton fiber is placed in the middle, and then the drug stock solution is filled. Through the
capillary action of the liquid guiding mechanism 11, the liquid medicine stored in the liquid storage chamber
12 is introduced into the secondary Level storage chamber 10.

268 Under the action of the air flow, small droplets are sucked into the other side of the heat-insulating seat 902
through the spray holes 904 in the heat-insulating seat 902. Under the action of the heating wire 901, the
liquid is instantly atomized and then opened in the liquid storage chamber. The through hole on the outside
of 12 is sucked out through the suction nozzle 13.

272 The liquid baffle 8 can prevent the liquid in the secondary reservoir 12 from accidentally overflowing.

273 The liquid conducting liquid 1102 can also be made of stainless steel fiber felt, polymer foam and foam
ceramics.

[0036]

278 Please also refer to FIG. 6, the cigarette holder cover 1301 on the outside of the mouthpiece 13 is extended to
the bottom of the liquid baffle 8, and its material can be made of environmentally friendly materials such as
polypropylene, which can effectively prevent internal heat from being transmitted.

281 A vent 1302 is also opened on the inner side of the suction nozzle 13, and a liquid blocking groove 1303 is also
opened on the inner side of the suction nozzle hole 1304 to prevent liquid from being sucked into the mouth.

[0037]

286 As shown in Figure 7, the integrated circuit board 3 is controlled by IC, powered by a 3.7V lithium ion battery,
VCC is connected to the positive electrode of the battery, GND is connected to the negative electrode of the
battery, S1 is connected to a micro gas drive, which is a normally open switch, andIC1 is the core intelligence
The control unit is mainly responsible for receiving and judging the input signal, and at the same tImPVPR Exhibit

04-05-2021 7 2016
Page 68


Admin
Highlight


controlling the signal indicator and heater.

291 When S1 (connected with the aforementioned micro gas transmission switch) is closed, IC1 receives this
signal, and first judges whether the power supply voltage is higher than 3.3V at this time, and if it is, it outputs
a control signal to the heating circuit to make the field effect tube conduction. The heating wire is connected
to the power supply to generate heat, and the heater 9 works to instantly heat the liquid nicotine solution. At
the same time, it outputs a display signal to make the LED emit red or orange light, which simulates the flame
of a cigarette, and can also output a delay signal to make the LED light gradually Light up or fade away.

297 Make the analog cigarette butt more image; if the battery voltage is lower than 3.3V, no signal is output to the
heating circuit, at this time the heating chamber does not produce any action, at the same time the LED
outputs a flicker signal, so that the LED flashes at 1 Hz and flashes continuously for 20 seconds. It indicates
that the battery is low and needs to be charged.

301 When the whole machine is inactive, IC1 enters the dormant state, and the power consumption of the whole
machine is less than 5uA, so that the standby time of the whole machine is extended as much as possible
(theoretical standby time is 6 and a half years); when used, the device is used continuously for fifteen times
within one minute(IC1 will send out a signal to cut off the output of the heating circuit, and at the same time
output a signal to the LED indicator, flashing continuously for 10 seconds; when S1 is continuously turned on
for more than 6 seconds, it will automatically cut off the heating circuit and output signals to LEDs.

307 This single chip can also be written into other programs to achieve more functions and provide convenience
for subsequent updates and improvements.

309 You can also connect an LCD display to the signal output terminal to display more information.

[0038]

313 The utility model uses IC to control its working process to ensure the reliable operation of the electronic
cigarette, and the smoking method is more vivid.

315 The "smoke" it sucks is actually the "water vapor" after the liquid medicine is vaporized. It does not contain
smoke tar, carbon monoxide, benzopyrene, polycyclic aromatic hydrocarbons, nitrosamines, azo impurities,
etc., which are all strong carcinogens. "Vapor" will quickly liquefy in the air and will not pollute the
environment.

319 The heating part is instantaneously heated under low voltage and low current, no burning, no fire hazard.

320 The shell is made of special stainless steel, which can effectively shield electromagnetic waves.

[0039]

324 The working process of the non-flammable spray electronic cigarette of the present invention is as follows: the
controller 100 and the generator 200 are connected through the connecting conductor 6 to form an
environmentally friendly non-flammable spray electronic cigarette; when both are used for smoking, the
airflow passes through the connecting conductor 6 The air inlet on the side enters the generator 200, passes
through the secondary air pressure holding chamber, the liquid barrier 8, the heater 9, and finally sucked out
by the suction nozzle 13; and the connecting conductor 6 of the controller 100 and the generator 200 is open.

When the user inhales, the air flow inside the controller 100 flows to the generator 200, thereby driving the
free-standing cavity on the right side of the elastic ring 401 of the controller 100 to be lower than the leExhibi ¢
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atmospheric pressure, and the other part of the controller 200 There is also a vent hole on the indicator cover
side to make part of the battery cavity communicate with atmospheric pressure. In this way, under the action
of the negative air pressure on the side of the controller 200, the switch air nozzle is stretched to the side of the
connecting conductor 6, thereby driving it. The upper moving contact piece and the static contact piece are
connected to conduct current. At this time, the indicator light slowly lights up under the control of IC, and
the current flows through the connecting conductor to make the heater work; in the heating chamber, the
liquid medicine is in the form of droplets due to the airflow. Sprayed into the atomization chamber, the liquid
medicine is instantly atomized by the action of the heater 9, and the atomized large-diameter droplets are re-
absorbed by the liquid guiding mechanism 11 through the overflow hole under the action of the vortex, and
the small-diameter droplets are suspended The water vapor formed in the airflow is sucked out through the
mist channel and the suction nozzle.

[0040]

346 The above are only preferred examples of the present utility model, and are not used to limit the protection
scope of the present utility model.

348 Any changes that can be easily conceived by those skilled in the art within the technical scope disclosed by the
present utility model should be covered by the protection scope of the present utility model.
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Emulation Aerosol Sucker

TECHNICAL FIELD

This utility model relates to an electronic suction apparatus, in particular, an
emulation aerosol sucker that doesn't contain tar but nicotine.

BACKGROUND ART

Today when "smoking is harmful to your health" has become a common sense, there
are one billion people smoking cigarettes, and this figure is still rising. On Mar. 1,
2003, the World Health Organization (WHO) issued the first international smoking
ban-Framework Convention on Tobacco Control. According to WHO's data, smoking
causes 4,900,000 deaths each year. Smoking causes serious respiratory system
diseases and cancers, though it is a hard job to persuade the smokers to completely
quit smoking.

Nicotine is the effective ingredient of cigarette, which produces a lot of tar mist as the
cigarette burns. The tar mist accesses the pulmonary alveolus and is quickly absorbed
into the blood. Nicotine thus acts on the receptor of the central nervous system,
bringing the euphoria like stimulant drugs to the smokers, who feel light in the head
and on wings as well.

Nicotine is a micromolecular alkaloid, which is basically harmless to human bodies
with a small dosage. Plus, its half life period is extremely short in blood. Tar is the
major harmful substance in tobacco. Tobacco tar comprises of several thousands of
ingredients, dozens of which are carcinogenic substances. It has now been proved that
second hand smoking is even more harmful to those who don't smoke.

To seek the cigarette substitutes that don't contain harmful tar but nicotine, many
inventors have used the relatively pure nicotine to create such products as "Cigarette
Patch", "Nicotine Gargle", "Aerosol Packed in the High Pressure Tank with
Propellant”, "Nicotine Chewing Gum", and "Nicotine Beverage". These products are
not as harmful as tar, but are absorbed very slowly. As a result, its peak concentration
can't be effectively established in blood, and the smokers can't be satisfied to the full.
In addition, the smokers are deprived of the "smoking" habit. Therefore, the
substituting products are not real cigarette substitutes or products helping to quit
smoking.

CONTENTS OF THE UTILITY MODEL

The purpose of this utility model is to provide an emulation aerosol sucker that
substitutes for cigarettes and helps the smokers to quit smoking.

1
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The technical solution of this utility model is the further innovation of the utility
model called "Aerosol Electronic Cigarette" for which the inventor filed with the
State Intellectual Property Office of the People's Republic of China on Apr. 14, 2000,
with the application number of 20040031182.0, and the international application
number of PCT/CN2005/000337.

The purpose of this utility model is fulfilled with the following solution: this utility
model includes a battery assembly, an atomizer assembly and a cigarette bottle
assembly; an external thread electrode is located in one end of the battery assembly,
and an internal thread electrode is located in one end of the atomizer assembly; the
battery assembly and the atomizer assembly are connected through the thread
electrodes, and the cigarette bottle assembly is inserted into the other end of the
atomizer assembly, thus forming one cigarette type or cigar type body.

Therein, the battery assembly includes indicators, a lithium battery, a MOSFTET
electric circuit board, a sensor, a silicon rubber corrugated membrane, a first thread
electrode, a first negative pressure cavity, and a first shell. On one end of the first shell
is the external thread electrode, while on the other end is the indicators. On one side
of the first shell is an indicator cap, in which there is a fine hole. On the other side of
the first shell, the lithium battery and the MOSFET electric circuit board are
connected successively. The sensor is located on MOSFET electric circuit board.
Between the first thread electrode and the sensor is the silicon rubber corrugated
membrane, on which there is the first negative pressure cavity. The sensor is
connected with the silicon rubber corrugated membrane through the reed switch fixed
thereon. MCU is provided between the MOSFET electric circuit board and the sensor.
On the surface of the first shell, a screen is provided. The MCU scans the sensor in the
power-saving mode of pulse, and according to the signal parameters of the sensor,
restricts the atomizing capacity with the integral function of frequency to single
operation time. Also, the MCU accomplishes the following controls: the pulse width
modulation and over discharging protection for the constant power output of the
electric current; automatic cleaning function for thousands of times per operation; step
lighting/dying down control of the indicators; display of the operation times and
battery capacity; and automatic recovery after sensor malfunction shutdown, etc. The
sensor may be switch sensor made of elastic alloy slice, Hall element of linear output,
semiconductor force-sensitive chip, semiconductor matrix thermoelectric bridge chip,
or capacitance and inductance sensor. The indicators are two red LEDs. The silicon
rubber corrugated membrane may be made of fluorinated rubber, butyronitrile rubber,
or elastic alloy film. The external thread electrode is a gold-coated stainless steel or
brass part with a hole drilled in the center. The lithium battery may be either a
rechargeable polymer lithium battery or a rechargeable lithium ion battery. The
atomizer assembly includes the internal thread electrode, an air-liquid separator, an
atomizer and the second shell. One end of the second shell is inserted into the
cigarette bottle assembly for connection, while the other end of the second shell has
the internal thread electrode, in which there is the second negative pressure cavity.

2

VPR Exhibit
2016

R.J. Reynolds Vapor Exhibit 1004-000b2g¢e 72



10

15

20

25

30

35

40

The air-liquid separator and the atomizer are connected with the internal thread
electrode successively. On the second shell, there is an air intake channel. The internal
thread electrode is a gold-coated stainless steel or brass part with a hole drilled in the
center. The air-liquid separator is made of stainless steel or plastic with a hole drilled.
The atomizer may be a capillary impregnation atomizer or a spray atomizer, inside
which there is a heating body. The spray atomizer has a spray hole on it. The spray
hole is made through molding and drilling foamed ceramics, micro-porous ceramics,
foamed metal, stainless steel fiber felt, or chemical fiber. The heating body is made of
a micro-porous ceramics holder on which electric heating materials, such as
nickel-chromium alloy wire, iron-chromium alloy wire, or platinum wire, are wound.
Alternatively, heating body may be a porous component made of electrically
conductive ceramics or PTC ceramics, with a sintered electrode. The surface of the
heating body is sintered into high-temperature glaze to fix the zeolite grains, which
are made of natural zeolite, artificial non-organic micro-porous ceramics or aluminum
oxide grains. The cigarette bottle assembly includes a cigarette liquid bottle, fiber and
a suction nozzle. The fiber containing cigarette liquid is located on one end of the
cigarette liquid bottle, and this end is inserted into the second shell and lies against the
atomizer. The suction nozzle is located on the other end of the cigarette liquid bottle.
Between the fiber and interior wall of the cigarette liquid bottle is an air suction
channel. The cigarette liquid bottle and the suction nozzle are made of non-toxic
plastic. The fiber is made of polypropylene fiber or nylon fiber. The cigarette liquid in
the fiber for atomization contains 0.1-3.5% of nicotine, 0.05-5% of tobacco flavor,
0.1-3% of organic acid, 0.1-0.5% of stabilizer, and propanediol for the remaining. The
said sucker and its connecting structure may be taken as a drug delivery device of
pulmonary suction with routine medicines loaded.

This invention will bring the following benefits and active effects: For this utility
model, smoking doesn't bring any cigarette tar, considerably reducing the
carcinogenic risks. At the same time, the smokers can still enjoy the feel and
excitement of smoking, and there is no fire hazard since there is no need for igniting.

In addition, the apparatus and its connecting structure of this utility model may be
loaded with conventional drugs for delivery to the lung,.

DESCRIPTION OF DRAWINGS
FIG. 1 is the diagram of visual appearance of the cigarette type of this utility model.
FIG. 2A is the diagram of one structure of the battery assembly of this utility model.

FIG. 2B is the diagram of another structure of the battery assembly of this utility
model.

FIG. 3 is the diagram of the atomizer assembly of this utility model.

VPR Exhibit
2016

R.J. Reynolds Vapor Exhibit 1004-000%3ge 73



10

15

20

25

30

35

40

FIG. 4 is the diagram of the cigarette bottle assembly of this utility model.

FIG. 5A is the diagram of one internal structure of this utility model.

FIG. 5B is the diagram of another internal structure of this utility model.

FIG. 6 is the diagram of the structure of the charger of this utility model.

FIG. 7 is the electric circuit diagram of MCU and MOSFET of this utility model.

FIG. § is the diagram of the structure of the capillary impregnation atomizer of this
utility model.

FIG. 9 is the left view of FIG. 8.

FIG. 10 is the diagram of the structure of the spray atomizer of this utility model.
FIG. 11 is the left view of FIG. 10.

FIG. 12 is the diagram of the structure of the cigar type contour of this utility model.
SPECIFIC MODE FOR CARRYING OUT THE UTILITY MODEL

This utility model is further described as follows on the basis of the drawings.
Example 1

As shown in FIG. 1, the visual appearance of this utility model is similar to a cigarette
inserted into the cigarette holder. The emulation aerosol sucker includes a battery
assembly, an atomizer assembly and a cigarette bottle assembly. An external thread
electrode 209 is located in one end of the battery assembly, and an internal thread
electrode 302 is located in one end of the atomizer assembly. The battery assembly
and atomizer assembly are connected through the thread electrodes into an emulation
cigarette. The cigarette bottle assembly is inserted into the other end of atomizer
assembly, to form one cigarette type emulation aerosol sucker.

As shown in FIG. 2A, the battery assembly includes indicators 202, a lithium battery
203, a MOSFTET electric circuit board 205, a sensor 207, a silicone rubber
corrugated membrane 208, a first thread electrode 209, a first negative pressure cavity
210, and a first shell 211. On one end of the first shell 211 is the external thread
electrode 209, while on the other end are the indicators 202. On one side of the shell
211, an indicator cap 201 is provided, in which there is a fine hole 501. On the other
side of the shell 211, the lithium battery 203 and the MOSFET (Metallic Oxide
Semiconductor Field Effect Tube) electric circuit board 205 are connected
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successively. The sensor 207 is located on the MOSFET electric circuit board 205.
Between the first thread electrode 209 and the sensor 207 is the silicon rubber
corrugated membrane 208, on which there is the first negative pressure cavity 210.
The sensor 207 is connected with the silicon rubber corrugated membrane 208
through the reed switch 212 fixed thereon.

Therein, the sensor 207 may be switch sensor made of elastic alloy slice, Hall element
of linear output, semiconductor force-sensitive chip, semiconductor matrix
thermoelectric bridge chip, or capacitance and inductance sensor. The indicators 202
are two red LEDs. The lithium battery 203 may be either a rechargeable polymer
lithium battery or a rechargeable lithium ion battery. The external thread electrode 209
is a gold-coated stainless steel or brass part with a hole drilled in the center. The
silicon rubber corrugated membrane 208 may alternatively be made of fluorinated
rubber, butyronitrile rubber, or elastic alloy film.

As shown in FIG. 3, the atomizer assembly includes an internal thread electrode 302,
an air-liquid separator 303, an atomizer 307 and a second shell 306. One end of the
second shell 306 is inserted into the cigarette bottle assembly for connection, while
the other end has the internal thread electrode 302, in which there is a second negative
pressure cavity 301. The air-liquid separator 303 and the atomizer 307 are connected
with the internal thread electrode 302 successively. On the second shell 306, there is
an air intake channel 502. The air-liquid separator 303 is made of stainless steel or
plastic with a hole drilled. The internal thread electrode 302 is a gold-coated stainless
steel or brass part with a hole drilled in the center.

The atomizer 307 may be a capillary impregnation atomizer as FIGS. 8 and 9 show, or
a spray atomizer as FIGS. 10 and 11 show. For this embodiment, it is a spray atomizer.

As shown in FIG. 4, the cigarette bottle assembly includes a cigarette liquid bottle 401,
fiber 402 and a suction nozzle 403. The fiber 402 containing cigarette liquid is located
on one end of the cigarette liquid bottle 401, and this end is inserted into the second
shell 306 and lies against the atomizer 307. The suction nozzle 403 is located on the
other end of the cigarette liquid bottle 401. Between the fiber 402 and interior wall of
the cigarette liquid bottle 401 is an air suction channel 503.

As shown in FIG. 5A, the standby state of this utility model has the fully charged
battery assembly shown in FIG. 2A fastened onto the atomizer assembly shown in
FIG. 3, which is then inserted into the cigarette bottle assembly shown in FIG. 4.
When the user slightly sucks the suction nozzle 403 with mouth, the negative pressure
is formed on the silicon rubber corrugated membrane 208 through the air suction
channel 503 and the first and second negative pressure cavities 210, 301. The silicon
rubber corrugated membrane 208, under the action of suction pressure difference,
deforms to drive the reed switch 212 and the sensor 207, thereby starting the
MOSFET celectric circuit board 205. At this moment, the indicators 202 are lit
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gradually; the lithium battery 203 electrifies a heating body 305 inside the atomizer
307 through the MOSFET electric circuit board 205 as well as the internal and
external thread electrodes 302, 209, so that the heating body 305 inside the atomizer
307 produces heat. The fiber 402 inside the cigarette liquid bottle 401 contains
cigarette liquid, which soaks a micro-porous ceramics 801 inside the atomizer through
the fiber 402. The air enters through the air intake hole 502, passes through the
run-through hole on the air-liquid separator 303, and helps to form air-liquid mixture
in a spray nozzle 304 of the atomizer 307. The air-liquid mixture sprays onto the
heating body 305, gets vaporized, and is quickly absorbed into the airflow and
condensed into aerosol, which passes through the air suction channel503 and is
sucked out by suction nozzle 403 to form white mist type aerosol.

When suction stops, the reed switch 212 and the sensor 207 are reset; the atomizer
307 stops working; the indicators 202 gradually die down. When the operation times
reaches the pre-set value, the atomizer 307 provides a work delay of 5-20 seconds per
time, so as to remove the micro-dirt accumulated on the heating body 305.

Besides the micro-porous ceramics, the liquid supply material of the atomizer 307
may also be foamed ceramics, micro-porous glass, foamed metal, stainless steel fiber
felt, terylene fiber, nylon fiber, nitrile fiber, aramid fiber or hard porous plastics. The
heating body 305 may be a micro-porous ceramics holder on which electric heating
materials, such as nickel-chromium alloy wire, iron-chromium alloy wire, or platinum
wire, are wound. Alternatively, the heating body 305 may be a porous component
made of electrically conductive ceramics or PTC (Positive Temperature Coefficient)
thermosensitive ceramics, with a sintered electrode. The surface of the heating body
305 is sintered into high-temperature glaze to fix the zeolite grains, which are made of
natural zeolite, artificial non-organic micro-porous ceramics or aluminum oxide
grains. The cigarette liquid bottle 401 and the suction nozzle 403 in the cigarette
bottle assembly are made of non-toxic plastic, and inside them, the fiber 402 made of
polypropylene fiber or nylon fiber to absorb cigarette liquid is adhered. In the battery
assembly, there is a fine hole 501 on the indicator cap 201 for balancing the pressure
difference on both sides of the silicon rubber corrugated membrane 208.

The cigarette liquid for atomization contains 0.1-3.5% of nicotine, 0.05-5% of tobacco
flavor, 0.1-3% of organic acid, 0.1-0.5% of stabilizer, and propanediol for the
remaining.

The first and second shell 211, 306 of this utility model are made of stainless steel
tube or copper alloy tube with baked-enamel coating of real cigarette color.

As shown in FIG. 12, this utility model may have the diameter of the battery assembly
increased in proportion, so that it is consistent with the diameter of the atomizer
assembly. Its shell may be decorated with the leaf veins and sub-gloss brown-yellow
baked-enamel coating, to create a cigar type emulation aerosol sucker.
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For recharging of the lithium battery 203 of this utility model, the thread electrode
601, as shown in Figure 6, that matches the external thread electrode 209 on the
battery assembly may be used as the charging interface.

Example 2

As shown in FIG. 2B, the differences of this example from example 1 are as follows:
MCU 206 is added between the MOSFET electric circuit board 205 and the sensor
207. On the surface of the first shell 211, there is a screen 204 for display of the
battery level of the lithium battery 203 and the sucking times.

As shown in FIG. 5B, the standby state of this utility model has the fully charged
battery assembly shown in FIG. 2A fastened onto the atomizer assembly shown in
FIG. 3, which is then inserted into the cigarette bottle assembly shown in FIG. 4.
When the user slightly sucks the suction nozzle 403 with mouth, the negative pressure
is formed on the silicon rubber corrugated membrane 208 through the air suction
channel 503 and the first and second negative pressure cavities 210, 301. The silicon
rubber corrugated membrane 208, under the action of suction pressure difference,
deforms to drive the reed switch 212 and the sensor 207, thereby starting the MCU
206 and the MOSFET electric circuit board 205. At this moment, the indicators 202
are lit gradually; the lithium battery 203 electrifies a heating body 305 inside the
atomizer 307 through the MOSFET electric circuit board 205 as well as the internal
and external thread electrodes 302, 209, so that the heating body 305 inside the
atomizer 307 produces heat. The fiber 402 inside the cigarette liquid bottle 401
contains cigarette liquid, which soaks a micro-porous ceramics 801 inside the
atomizer through the fiber 402. The air enters through the air intake hole 502, passes
through the run-through hole on the air-liquid separator 303, and helps to form
air-liquid mixture in a spray nozzle 304 of the atomizer 307. The air-liquid mixture
sprays onto the heating body 305, gets vaporized, and is quickly absorbed into the
airflow and condensed into aerosol, which passes through the air suction channel503
and is sucked out by suction nozzle 403 to form white mist type aerosol.

As shown in FIG. 7, when the action of suction actuate the sensor, the MCU 206
scans the sensor 207 in the power-saving mode of pulse, and according to the signal
parameters of the sensor 207, restricts the atomizing capacity with the integral
function of frequency to single operation time. Also, the MCU 206 accomplishes the
following control functions: the pulse width modulation and over discharging
protection for the constant power output of the power supply, automatic cleaning
function for thousands of times per operation, step lighting/dying down control of the
indicators, display of the operation times and battery capacity, automatic recovery
after sensor malfunction shutdown, etc.

The apparatus and its connecting structure of this utility model may be taken as a drug
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Claims

1. An emulation aerosol sucker, characterized in that it includes a battery assembly, an
atomizer assembly and a cigarette bottle assembly, wherein the cigarette bottle
assembly includes a cigarette liquid bottle and the atomizer assembly includes an
atomizer, and wherein the cigarette bottle assembly is inserted into one end of the
atomizer assembly, thus forming one cigarette type or cigar type body.

2. The emulation aerosol sucker of claim 1, characterized in that an external thread
electrode is located in one end of the battery assembly and an internal thread electrode
is located in one end of the atomizer assembly, and wherein the battery assembly and
atomizer assembly are connected through the thread electrodes.

3. The emulation aerosol sucker of claim 1 or 2, characterized in that the battery
assembly includes a lithium battery, a MOSFTET electric circuit board, a sensor, a
first thread electrode, a first negative pressure cavity, and a first shell, wherein on one
end of the first shell is the external thread electrode, and on the other side of the first
shell, the lithium battery and the MOSFET electric circuit board are connected
successively, and wherein the sensor is located on the MOSFET electric circuit board.

4. The emulation aerosol sucker of claim 3, characterized in that the said battery
assembly further includes a silicon rubber corrugated membrane, wherein between the
first thread electrode and the sensor, the silicon rubber corrugated membrane is
installed, on which there is the first negative pressure cavity, and wherein the sensor is
connected with the silicon rubber corrugated membrane through a reed switch fixed
thereon.

5. The emulation aerosol sucker of claim 3, characterized in that the battery assembly
further includes indicators, which are mounted on the other end of the first shell,
wherein an indicator cap is provided on one side of the first shell and a fine hole is in
the indicator cap, wherein MCU is provided between the MOSFET electric circuit

board and the sensor, and wherein on the surface of the first shell, a screen is provided.

6. The emulation aerosol sucker of claim 5, characterized in that the MCU scans the
sensor in a power-saving mode of pulse, and restricts the atomizing capacity with the
integral function of frequency to single operation time according to the signal
parameters of the sensor, wherein the MCU also accomplishes the following controls:

1
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the pulse width modulation and over discharging protection for the constant power
output of the electric current; automatic cleaning function for thousands of times per
operation; step lighting/dying down control of the indicators; display of the operation
times and battery capacity; and automatic recovery after sensor malfunction shutdown,
and wherein the indicators are two red LEDs.

7. The emulation aerosol sucker of claim 3, characterized in that the sensor is a switch
sensor made of elastic alloy slice, Hall element of linear output, semiconductor
force-sensitive chip, semiconductor matrix thermoelectric bridge chip, or capacitance
and inductance sensor.

8. The emulation aerosol sucker of claim 4, characterized in that the silicon rubber
corrugated membrane is made of fluorinated rubber, butyronitrile rubber, or elastic
alloy film.

9. The emulation aerosol sucker of claim 3, characterized in that the external thread
electrode is a gold-coated stainless steel or brass part with a hole drilled in the center,
and wherein the lithium battery is either a rechargeable polymer lithium battery or a
rechargeable lithium ion battery.

10. The emulation aerosol sucker of claim 1 or 2, characterized in that the atomizer
assembly includes the internal thread electrode, an atomizer and the second shell,
wherein one end of the second shell is inserted into the cigarette bottle assembly for
connection, while the other end of the second shell has the internal thread electrode, in
which there is the second negative pressure cavity.

11. The emulation aerosol sucker of claim 3, characterized in that the atomizer
assembly includes the internal thread electrode, an atomizer and the second shell,
wherein one end of the second shell is inserted into the cigarette bottle assembly for
connection, while the other end of the second shell has the internal thread electrode, in
which there is the second negative pressure cavity.

12. The emulation aerosol sucker of claim 11, characterized in that the said atomizer
assembly includes an air-liquid separator, wherein the air-liquid separator and the
atomizer are connected with the internal thread electrode successively, and wherein on
the second shell, there is an air intake channel.
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13. The emulation aerosol sucker of claim 12, characterized in that the internal thread
electrode is a gold-coated stainless steel or brass part with a hole drilled in the center,
and wherein the air-liquid separator is made of stainless steel or plastic with a hole
drilled.

14. The emulation aerosol sucker of claim 10, characterized in that the atomizer is a
capillary impregnation atomizer or a spray atomizer, inside which there is a heating
body, and wherein the spray atomizer has a spray hole on it.

15. The emulation aerosol sucker of claim 11, characterized in that the atomizer is a
capillary impregnation atomizer or a spray atomizer, inside which there is a heating
body, and wherein the spray atomizer has a spray hole on it.

16. The emulation aerosol sucker of claim 15, characterized in that the spray hole is
made through molding and drilling foamed ceramics, micro-porous ceramics, foamed
metal, stainless steel fiber felt, or chemical fiber.

17. The emulation aerosol sucker of claim 15, characterized in that the heating body is
made of a micro-porous ceramics holder on which electric heating materials that are
nickel-chromium alloy wire, iron-chromium alloy wire or platinum wire are wound,
or the heating body is a porous component made of electrically conductive ceramics
or PTC ceramics, with a sintered electrode, and wherein the surface of the heating
body is sintered into high-temperature glaze to fix the zeolite grains, which are made
of natural zeolite, artificial non-organic micro-porous ceramics or aluminum oxide
grains,

18. The emulation aerosol sucker of claim 3, characterized in that the cigarette bottle
assembly includes a cigarette liquid bottle, fiber and a suction nozzle, wherein the
fiber containing cigarette liquid is located on one end of the cigarette liquid bottle, and
this end is inserted into the second shell and lies against the atomizer, wherein the
suction nozzle is located on the other end of the cigarette liquid bottle, and wherein
between the fiber and interior wall of the cigarette liquid bottle is an air suction
channel.

19. The emulation aerosol sucker of claim 11, characterized in that the cigarette bottle
assembly includes a cigarette liquid bottle, fiber and a suction nozzle, wherein the
fiber containing cigarette liquid is located on one end of the cigarette liquid bottle, and
this end is inserted into the second shell and lies against the atomizer, wherein the

3
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suction nozzle is located on the other end of the cigarette liquid bottle, and wherein
between the fiber and interior wall of the cigarette liquid bottle is an air suction

channel.

20. The emulation aerosol sucker of claim 18, characterized in that the said cigarette
liquid bottle and the suction nozzle are made of non-toxic plastic, and wherein the
said fiber is made of polypropylene fiber or nylon fiber.
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Abstract

The utility model relates to an electronic suction apparatus, in particular to a

emulation aerosol sucker which contains only nicotine without tar. The emulation

aerosol sucker comprises a battery assembly, an atomizer assembly and a cigarette
bottle assembly. An external thread electrode is located in one end of the battery
assembly, and an internal thread electrode is located in one end of the atomizer
assembly. The battery assembly and the atomizer assembly are connected through the
thread electrodes. The cigarette bottle assembly is inserted into one end of the
atomizer assembly, thus forming one cigarette type or cigar type body. The utility
model contains no tar for smokers, greatly reduces carcinogenic risks, and leads users
to have usual smoking feeling and excitement; the utility model does not need ignition
and have fire hazard. The apparatus and the connection structure of the utility model
can be taken as a drug delivery device of pulmonary suction medicines with routine
medicines loaded.
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Beschreibung

[0001] Diese Erfindung betrifit Vorrichtungen zur Abgabe vom Medikamenten und insbesondere aber nicht
ausschlieBllich Zerstauber und dosimetrische Inhalationshilfen.

[0002] Es sind zahlreiche verschiedene Typen von Zerstaubern zur direkten Abgabe von Medikamenten in
die Lunge eines Patienten bekannt, gewdhnlich zur Behandlung von Erkrankungen der Atemwege. Zerstauber
geben das Medikament normalerweise in der Form von Trépfchen oder eines trockenen Pulvers ab. In den
meisten Zerstaubern erfolgt die Zerstaubung des Medikaments in einen Luftstrom kontinuierlich, unabhangig
davon, ob der Patient ein- oder ausatmet. Die kontinuierliche Zerstaubung hat jedoch zur Folge, dal ein sig-
nifikanter Anteil des Medikaments wahrend des Ausatmens verloren geht.

[0003] Die allgemein bekannten Zerstauber sind entweder pneumatisch bestatigt, mit Hilfe einer Druckluft-
quelle, die an den Zerstauber angeschlossen ist, der die Fllssigkeit zerstaubt, oder es sind Ultraschallzerstau-
ber, die die Flissigkeit mit einem piezoelektrischen Kristall zerstauben. In jingerer Zeit ist ein siebartiger Zer-
stauber entwickelt worden, bei dem das Medikament durch ein feines Sieb gedriickt wird, um Trépfchen des
Medikaments zu erzeugen. Ein weiterer Typ eines Zerstaubers oder Inhalationsgerates ist von der Art, die ei-
nen piezoelektrischen Vibrator in Verbindung mit einer elektrostatischen Ladungsplatte verwendet, um ein Tro-
ckenpulver zu fluidisieren und als Aerosol in einem Luftstrom zu dispergieren. Ein solcher Zerstauber wird in
US 5 694 920 beschrieben.

[0004] Der optimale Durchmesser der Partikel oder Trépfchen des Medikaments betragt etwa 1-5 pm. Wenn
die Partikel oder Trépfchen groRer sind als dieser Wert, werden sie mit hoher Wahrscheinlichkeit im Luftweg
aufprallen, bevor sie die Lunge erreichen, und wenn sie kleiner sind als 1 pm, haben sie die Tendenz, beim
Ausatmen wieder aus der Lunge ausgetragen zu werden, ohne dal sie sich in der Lunge absetzen.

[0005] Zerstauber und Inhalationsgerate dispergieren die kleinen Partikel des Medikaments in einen Luft-
strom oder einen Strom eines anderen Gases, der zu einem Patienten flhrt. Soweit auf die Luft Bezug genom-
men wird, die als Trager fUr das darin mitgefihrte Medikament dient, sollen andere Gase eingeschlossen sein,
die als Trager fir das Medikament geeignet sind.

[0006] Ein bekannter Zerstauber analysiert die Druckanderungen innerhalb der Vorrichtung wahrend der ers-
ten drei Atemzlge, um eine mittlere Form des Atmungsmusters zu bestimmen. Ein zeitlich abgestimmter Zer-
staubungsimpuls beginnt, wenn die nachfolgende Einatmungsphase einsetzt, so daf} die Zerstaubung wah-
rend der ersten 50% der Einatmungsphase stattfindet. Dies ist in Eig, 1 illustriert, wo das Atmungsmuster und
der Impuls Uberlagert dargestellt ist. Dadurch wird der Verlust an Medikament wahrend der Ausatmung auf
etwa 3% reduziert. Eig, 1 zeigt die Atemzige in einer Graphik, in der der Durchsatz gegen die Zeit aufgetragen
ist. Wenn die Behandlung beginnt, atmet der Patient durch den Zerstauber dreimal ein und aus, bevor die Be-
handlung einsetzt. Die ersten drei Atemzlge werden gemessen, so dal} der zeitlich abgestimmte Zerstau-
bungsimpuls wahrend 50% der mittleren Einatmungszeit auftritt. Die Dauer der Einatmungsphase ist mit T1,
T2 und T3 angegeben. Diese Zeitspannen werden gemittelt und durch 2 dividiert, um die Impulslange fur den
nachsten, vierten Atemzug zu bestimmen, bei dem die Behandlung beginnt. Fiir jeden nachfolgenden Atemzug
wird die Dauer des Zerstaubungsimpulses bestimmt, indem die Dauer der Einatmungsphasen der vorherigen
drei Atemzige summiert und durch 3 dividiert wird, um einen Mittelwert zu erhalten, und indem dann durch 2
dividiert wird. Die an den Patienten abgegebene Dosis ist direkt proportional zur Dauer des Zerstaubungsim-
pulses, und somit wird die Zerstaubungsperiode summiert, und der Zerstauber wird abgeschaltet oder zeigt
an, daf} der Patient aufhéren sollte, sobald die an den Patienten verabreichte Dosis die flr diese Behandlung
vorgeschriebene Menge des Medikaments erreicht.

[0007] Essind andere Zerstauber bekannt, bei denen der zeitlich abgestimmte Zerstaubungsimpuls auf einen
anderen Wert als 50% der Dauer der Einatmung festgelegt ist. Bei diesen anderen Zerstaubern muf} jedoch
die Impulslange fir jeden Patienten durch das medizinische Personal eingestellt werden. Viele der Zerstauber
sind deshalb nur fir den Gebrauch in einer kontrollierten Umgebung, etwa in einem Krankenhaus geeignet.
Die Einstellung der Impulslange fur jeden Patienten bedeutet, dal die meisten Zerstauber nicht fir den Heim-
gebrauch durch einen Patienten geeignet sind.

[0008] DE 36 36 669 beschreibt eine Vorrichtung zur Abgabe eines Aerosols in die Atemwege eines Patien-
ten, die getrennte Einatmungs- und Ausatmungsleitungen aufweist. In der Einatmungsleitung ist ein Aerosole-
rzeuger angeordnet, der nur wahrend der Ausatmungsphase des Patienten ein Aerosol erzeugt, so dal} das
Aerosol einen Bereich in der Einatmungsleitung flllt. Beim Einatmen des Patienten wird das Aerosol aus der
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Eintatmungsleitung in die Lunge des Patienten eingesogen. Das Volumen des Aerosols ist jedoch festgelegt.
Das Volumen des Aerosols ist festgelegt, damit es fur das angenommene Atemvolumen angemessen ist, wenn
ein Patient in einer bestimmten Weise atmet.

[0009] GB 2 077 444 beschreibt eine Vorrichtung, die geeignet ist fir den Gebrauch bei der Bestimmung von
wenigstens zwei Parametern eines menschlichen oder tierischen Atmungssystems. Die Vorrichtung umfafit ei-
nen Drucksensor, einen DurchfluBsensor, einen Volumensensor, eine Uberwachungseinheit und eine Berech-
nungseinheit, wodurch wahrend jedes Atmungszyklus die Uberwachungseinheit wenigstens zwei Satze von
gemessenen Werten fuir den Druck und den Durchfluf? und das Volumen an die Berechnungseinheit liefert und
die Berechnungseinheit die gewlinschten Parameter des Atmungssystems anhand der Satze der gemessenen
Werte berechnet. Das Volumen wird in herkémmlicher Weise berechnet, indem der Durchflul Gber die Zeit in-
tegriert wird.

[0010] Es wird verwiesen auf unsere parallel anhangige internationale Patentverdéffentlichung Nr. WO 97/48
431. Fig. 2 und £ig. 3 der vorliegenden Anmeldung zeigen den Zerstauber, der in der oben genannten paral-
lelen Patentanmeldung offenbart ist. In Fig, 2 ist ein Mundstick 1 gezeigt, durch das ein Patient in Richtung
des Pfeiles 2 inhaliert. Unterhalb des Mundstucks 1 befindet sich ein entfernbarer Zerstauberteil 3, der seiner-
seits auf einem Sockel 4 ruht.

[0011] Der Sockel 4 istin Eig. 3 genauer gezeigt. Gemal Fig, 3 weist der Sockel 4 einen Einlall 5 auf, durch
den Luft unter Druck von einem Kompressor (nicht gezeigt) zugefiihrt wird. Die Druckluft wird Gber ein Rohr 6
zu einem Verteiler 7 geleitet, der die Stromung der Druckluft zu einem Luftauslaf} 8 steuert, der Luft in den in
Fig. 2 gezeigten Zerstauberteil 3 lenkt. Der Sockel 4 enthalt auRerdem einen Drucksensor 9, der Uber einen
Port 10 den Druck im Inneren des Zerstauberteils 3 erfafit.

[0012] Wie wieder in Eig. 2 gezeigt ist, strdmt Luft unter Druck durch den Luftauslall 8 des Sockels 4 und wird
durch eine rohrférmige Saule 11 zu einer Zerstauberdise 12 geleitet, aus der die Luft unter Druck austritt. Im
Weg der aus der Duse 12 austretenden Druckluft ist ein Deflektor 13 angeordnet, so daf} die Druckluft seitlich
abgelenkt wird und unterhalb eines Schildes 14 durchstrdmt. Der Druchtritt der Druckluft durch das obere Ende
der rohrférmigen Saule 11 bewirkt, dall das Medikament 15 zwischen der duf3eren Oberflache der rohrférmi-
gen Saule 11 und der inneren Oberflache einer die rohrférmige Saule 11 umgebenden Hilse 16 nach oben
angesaugt wird. Das Medikament 15 wird in den Luftstrom zerstaubt und in dem Luftstrom unterhalb des Ran-
des des Schildes 14 und nach oben durch das Mundstiick 1 zu einem Patienten mitgenommen.

[0013] Der Drucksensor 9im Sockel 4 uberwacht das Atmungsmuster eines Patienten, und auf der Grundlage
des Atmungsmusters wird der Verteiler 7 so gesteuert, daf er die Druckluft nur wahrend der ersten 50% einer
Inhalationsphase zum Zerstauberteil 3 zufuhrt.

[0014] Wahrend oben ein spezieller Typ eines Zerstaubers beschrieben wurde, ist die vorliegende Anmel-
dung fur den Einsatz in einem beliebigen Typ eines Zerstaubers geeignet.

[0015] Die Erfindung bezieht sich auch auf andere Vorrichtungen zur Abgabe von Medikamenten, beispiels-
weise auf Dosimeter, bei denen eine Dosis eines Medikaments in Tropfchen- oder Pulverform in eine Dosime-
terkammer oder Haltekammer freigesetzt wird, aus der es der Patient inhaliert. Diese Vorrichtungen sind be-
sonders geeignet flr altere Patienten oder Kinder, die Schwierigkeiten beim Gebrauch eines Multidosis- oder
Trockenpulver-Inhalationsgerates haben, z.B. weil es ihnen schwerfallt, die Freisetzung des Medikaments mit
dem Beginn der Einatmungsphase zu koordinieren oder weil ihre Atmungsdurchsatze zu klein sind. Dosimeter
werden z.B. in der internationalen Patentverdffentlichung Nr. WO 96/13294 beschrieben.

[0016] Gemal einem ersten Aspekt der vorliegenden Erfindung umfaldt eine Abgabevorrichtung fur Medika-
mente eine Abgabeeinrichtung zur Abgabe von mit Medikamenten beladener Luft sowie von Luft, die keinerlei
Medikamente tragt, zur Einatmung durch einen Patienten, eine Uberwachungseinrichtung zur Uberwachung
eines Atmungsmusters des Patienten und eine Steuereinrichtung zur Steuerung der Abgabeeinrichtung zur se-
lektiven Abgabe der mit Medikamenten beladenen Luft und der Luft, die keinerlei Medikamente tragt, dadurch
gekennzeichnet, dafi die Steuereinrichtung dazu ausgebildet ist, die Abgabeeinrichtung so zu steuern, daf} sie
die mit Medikamenten beladene Luft in Impulsen abgibt, deren Lange und deren Verhaltnis zur Einatmungs-
phase des Atmungsmusters durch die Steuereinrichtung in Abhangigkeit von dem durch die Uberwachungs-
einrichtung uberwachten Atmungsmuster variiert wird.

[0017] Ein Verfahren zur Bestimmung der Dauer eines Impulses, wahrend dessen mit Medikamenten bela-
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dene Luft wahrend der Einatmung an einen Patienten abgegeben wird, umfafit:
(i) Messung des Atemvolumens eines Patienten;
(i) Messung der Dauer der Einatmungsphase eines Patienten;
(iil) Speichern eines Schatzwertes fiir das Volumen der oberen Luftwege eines Patienten und
(iv) Berechnen der Dauer des Impulses auf der Grundlage des gemessenen Atemvolumens des Patienten,
der gemessenen Dauer der Einatmungsphase und des gespeicherten Schatzwertes fur das Volumen der
oberen Luftwege des Patienten.

[0018] In diesem Dokument bedeutet "obere Luftwege eines Patienten" den Mund und die Luftréhre und, so-
fern ein Zerstauber verwendet wird, vorzugsweise einschlieBlich des Volumens der Zerstauberkammer.

[0019] Die Bestimmung der Lange der Impulse erméglicht es, den Anteil der Inhalationszeit, wahrend der die
Zerstaubung stattfindet, iber 50% hinaus gegen 100% auszudehnen. Dies fuhrt dazu, dad der Patient seine
Behandlung in klrzerer Zeit erhalt, da es weniger Atemzlge braucht, die erforderliche Dosis des Medikaments
abzugeben. Allerdings ist es zwecklos, die Abgabe des Medikaments in die Luft fortzusetzen, die vom Patien-
ten gegen Ende seiner Einatmungsphase eingeatmet wird (das Endvolumen), da sie in den oberen Luftwegen
verbleiben wird. Das Medikament, das nicht Uber die oberen Luftwege hinaus kommt, geht verloren, wenn der
Patient ausatmet.

[0020] Somit ermoglicht es die Erfindung, einen Impuls zu erzeugen, der langer ist als 50% aber endet, bevor
das Endvolumen der Einatmung beginnt. Ein weiterer Vorteil dieser Erfindung besteht darin, dal der Patient
die Behandlungsvorschriften wesentlich besser einhalten wird, wenn die Lange der Behandlung reduziert ist.

[0021] Zudem erlaubt die Erfindung die automatische Optimierung der Impulslange, ohne daf} sie durch das
medizinische Personal eingestellt werden muf. Das bedeutet, dal die Impulslange auf der Grundlage des At-
mungsmusters des Patienten zu dem Zeitpunkt, an dem das Medikament verabreicht wird, automatisch an je-
den Patienten angepalit wird. Somit kann ein Zerstauber oder eine andere Medikamentenabgabevorrichtung
von dem Patienten auflerhalb der kontrollierten Umgebung eines Krankenhauses benutzt werden und kann
insbesondere auch zu Hause benutzt werden. Aulerdem ist es méglich, dal® das Gerat anzeigt, wenn eine
bestimmte Dosis verabreicht worden ist, so dal} der Patient nicht die Anzahl der Atemzlige zu zahlen braucht,
die er genommen hat.

[0022] Gemal der bevorzugten Ausfuhrungsform umfafit die Einrichtung zur Messung des Atemvolumens ei-
nes Patienten eine Einrichtung zur Messung eines Spitzenwertes des Atemstroms des Patienten und eine Ein-
richtung zur Vorhersage des Atemvolumens, zur Berechnung des Atemvolumens auf der Grundlage des Spit-
zenwertes des Atemstroms, der von der Einrichtung zur Messung des Spitzenwertes des Atemstromes gemes-
sen wird, und auf der Grundlage der vom Zeitgeber gemessenen Dauer der Einatmung.

[0023] Einige oder samtliche Werte, die in den Berechnungen verwendet werden, sind Mittelwerte, die aus
einer Anzahl friherer Messungen fur jedes Atmungsmuster abgeleitet sind. Zum Beispiel wird der Patient mit
der Einatmung durch das Gerat beginnen, und das Medikament wird nicht wahrend der ersten drei Atemzuge
verabreicht. Die ersten drei Atemziige werden analysiert, indem die Dauer der Einatmungsphase und die Spit-
zenstrdome wahrend der Einatmung aufgezeichnet werden, wie sie bendtigt werden, um die Dauer eines Zer-
staubungsimpulses zu bestimmen. Die Abgabe des Medikaments erfolgt beim vierten und den nachfolgenden
Atemzigen, wobei jeweils die Werte in den Berechnungen aus einer Anzahl friherer Messungen der Einat-
mungsphase eines Patienten abgeleitet sind, in diesem Fall aus den vorherigen drei Einatmungsphasen.

[0024] Wenn das Gerat ein Zerstiuber ist, erfolgt die Zerstaubung vorzugsweise mit Hilfe eines Gasstroms
unter Druck, der durch den Zerstauber hindurchstromt und von einer Zufuhreinrichtung fir Gas bereitgestellt
wird. Bei diesem Gas handelt es sich normalerweise um Luft, und die Zufuhreinrichtung ist vorzugsweise ein
Kompressor, der mit einem Akkumulator zusammenwirkt. Bei der Zerstaubung wird Gas aus dem Akkumulator
dazu verwendet, das Medikament zu zerstauben, und der Kompressor erzeugt Druckluft zum Fullen des Ak-
kumulators.

[0025] Wenn ein Patient einatmet, kann der Akkumulator geleert werden, so dal die Zerstaubung unterbro-
chen wird. Deshalb enthalt der Zerstduber vorzugsweise eine Einrichtung zur Begrenzung der Dauer des Im-
pulses, so dalk der Akkumulator in einem Zustand gehalten wird, in dem er stets unter gewissem Druck steht.
AuRerdem kann der Akkumulator ein Ventil aufweisen, das, wenn der Akkumulator voll ist, Gas an die Atmos-
phare abgibt und so verhindert, dal® der Akkumulator gefahrlich Gberfullt wird. Haufig ist es besser, den Kom-
pressor standig in Betrieb zu halten und die Uberschussige Luft an die Atmosphare abzugeben als den Kom-
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pressor ein- und auszuschalten.

[0026] Ein Verfahren zur Vorhersage des Atemvolumens eines Patienten umfafdt:
(i) Messung des Spitzenstromes eines Patienten;
(i) Messung der Dauer der Einatmungsphase des Patienten;
(i) Berechnen des Atemvolumens auf der Grundlage des gemessenen Spitzenstromes und der gemesse-
nen Dauer der Einatmungsphase des Patienten.

[0027] Die Messung des Atemvolumens des Patienten beinhaltete bisher die fortlaufende Uberwachung des
Atemstromes des Patienten, typischerweise alle 10 Millisekunden. Der Strémungsdurchsatz wird dann dber
die Dauer der Einatmung integriert, um das Einatemvolumen zu bestimmen. GemafR der Erfindung kann jedoch
das Atemvolumen eines Patienten wesentlich einfacher bestimmt werden. Diese Erfindung verringert das Aus-
maf der erforderlichen Datenverarbeitung und vermindert damit die Gesamtkosten flr den Zerstauber. Der
Sptizenstrom ist wesentlich einfacher zu messen und kann einfacher in einer Berechnung zur Bestimmung des
Atemvolumens benutzt werden.

[0028] Ausflihrungsformen der vorliegenden Erfindung werden nachstehend als Beispiel und unter Bezug-
nahme auf die beigefugten Zeichnungen beschrieben, in denen zeigen:

[0029] Fig.1 eine Graphik, die das Einatmungsmuster eines Patienten im Verlauf der Zeit angibt und zeigt,
wann der Zerstaubungsimpuls in den ersten 50% der Einatmungsphase auftritt, wie es bei einem bekannten
Zerstauber der Fall ist;

[0030] Eig. 2 und Eig. 3 einen bekannten Zerstauber, der Zerstaubungsimpulse wahrend der ersten 50% der
Einatmungsphase erzeugt;

[0031] Eig.4 ein FluRdiagramm, das zeigt, wie der Zerstaubungsimpuls wahrend der Einatmung bestimmt
wird;

[0032] Eig. 5 eine Graphik,in der das vorhergesagte Atemvolumen gegen das gemessene Atemvolumen auf-
getragen ist;

[0033] Eig. & ein FlulRdiagramm, das die Begrenzung der Impulsldnge in Abhangigkeit von der Zufuhr von
Druckgas zeigt;

[0034]) Eig. 7 den Zerstduber zusammen mit einer Quelle fir Druckgas;

[0035] Eig. 8 einen Luftakkumulator im Luft-Zufuhrsystem;

[0036] Eig. S ein Blockdiagramm, das zeigt, wie der Zerstauber gesteuert wird; und
[0037] Eig. 18 eine Skizze eines Dosimeters gemal der vorliegenden Erfindung.

[0038] Diese Erfindung bezieht sich u.a. auf Zerstauber von der Art, die Zerstaubungsimpulse erzeugen, wie
bei dem oben beschriebenen herkémmlichen Zerstauber.

[0039] Die Erfindung ist jedoch nicht auf den oben beschriebenen speziellen Zerstauber beschrankt, sondern
kann auf andere Zerstauber angewandt werden. Der Einfachheit halber wird die nachstehende Beschreibung
der vorliegenden Erfindung auf die Komponenten der herkémmlichen Vorrichtung Bezug nehmen, wie sie in
Fiag, 2 und Fig. 3 gezeigt, ist, und weil viele dieser Komponenten, z.B. der Verteiler, in der vorliegenden Erfin-
dung verwendet werden kénnen. Der Zerstauber kann ein Strahlzerstauber, ein Ultraschallzerstduber oder ein
Druck-Siebzerstauber sein.

[0040] Bei Strahlzerstaubern gibt es zwei Arten, namlich Luftstrahlzerstauber und Flussigkeitsstrahlzerstau-
ber. Ein Beispiel eines Luftstrahlzerstaubers, der mit einer Druckluftquelle zur Zerstdubung einer Flissigkeit
arbeitet, wird in EP 0 627 266 beschrieben (Medic-Aid Limited). Ein Beispiel eines Flussigkeitsstrahlzerstau-
bers, der eine Flussigkeit durch eine oder mehrere Disenauslasse prefit, um ein Spray aus feinen Tropfchen
zu erzeugen, wird in WO 94/07607 beschrieben (Boehringer Ingelheim International GmbH et al).

[0041] Ultraschallzerstauber, die Flussigkeit mit Hilfe von Ultraschallwellen zerstauben, die gewdhnlich von
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einem oszillierenden piezoelektrischen Element erzeugt werden, haben viele Formen, einschlie3lich solcher,
bei denen Flussigkeit mit dem piezoelektrischen Element in direktem Kontakt steht, solcher, bei denen ein ver-
starkendes Zwischenglied, typischerweise ein eingeschlossenes Fluid, zwischen dem piezoelektrischen Ele-
ment und der Flissigkeit vorhanden ist, und solcher, bei denen das piezoelektrische Element ein Sieb in
Schwingungen versetzt, von dem Aerosol erzeugt wird. Beispiele fir Ultraschallzerstauber werden beschrie-
ben in US 4 533 082 (Maehara et al.) und US 5 261 601 (Ross et al.).

[0042] Die Zerstauber, die in diesen Dokumenten beschrieben werden, haben ein Gehaduse, das ein Reser-
voir aufweist, das eine Menge der abzugebenden Flissigkeit aufnimmt, und das Gehause hat eine perforierte
Membran, die mit dem Reservoir in Berlihrung steht, und einen Ultraschall-Vibrator, der mit dem Gehause ver-
bunden ist, um die perforierte Membran in Schwingungen zu versetzen.

[0043] Ein anderes Beispiel eines Ultraschallzerstaubers wird in WO 87/29851 beschrieben (Fluid Propulsion
Technologies, Inc). Ein Beispiel eines Druck-Siebzerstaubers, der ein piezoelektrisches Element enthalten
kann oder nicht, wird in WO 96/13292 beschrieben (Aradigm Corporation).

[0044] Die Ausdehung des Anteils der Inhalationsphase des Patienten, in der die Zerstaubung stattfindet, auf
mehr als 50% fuhrt dazu, dalt die Patienten ihre Behandlung schneller erhalten, da weniger Atemziige bendtigt
werden, um das geforderte Volumen des Medikaments abzugeben. Um jedoch die Vergeudung des Medika-
ments zu vermeiden, das im Endvolumen des Eintatmungsvolumens des Patienten zerstaubt wird, muf der
Zerstaubungsimpuls beendet werden, bevor das Endvolumen erreicht wird. Das Endvolumen ist das Luftvolu-
men, das von einem Patienten am Ende des Einatmungsvolumens eingeatmet wird und in den oberen Luftwe-
gen (dem Mund und der Luftréhre) verbleibt und nicht in die unteren Bereiche der Lunge eintritt. Das Medika-
ment, das in dieses Endvolumen zerstaubt wird, geht verloren, wenn der Patient ausatmet, zusammen mit etwa
in Luft zerstaubtem Medikament, das im Zerstauber zurlickgeblieben ist, da es nicht die Lungen erreicht.

[0045] Das Endvolumen ist das Volumen der oberen Luftwege des Patienten und ist proportional zur Gréfite
des Patienten. Natirlich wird das Endvolumen als ein Prozentsatz des Einatmungsvolumens variieren, da sich
das Atemvolumen signifikant andert, je nach Art und Ausmaf der Atembeschwerden, unter denen der Patient
leidet. Die optimale Dauer des Zerstaubungsimpulses ware deshalb die Zeit vom Beginn der Einatmung bis zu
dem Punkt wahrend der Einatmungsphase, bei der das noch einzuatmende Volumen gleich dem Endvolumen
ist. Die Zerstaubung wiirde dann beendet, und das verbleibende Endvolumen wiirde das zerstaubte Medika-
ment aus der Vorrichtung und den oberen Luftwegen des Patienten entfernen und in die Lunge bringen. Somit
wird der Prozentsatz der Einatmung, in der zerstaubtes Medikament abgegeben wird, maximiert, und dadurch
wird die Behandlungszeit minimiert und dennoch eine Vergeudung des Medikaments vermieden. Die Lange
des Zerstaubungsimpulses ist vom Einatemvolumen des Patienten abhangig. Der Zerstauber muft deshalb
das Atemvolumen des Patienten messen, vorzugsweise von Atemzug zu Atemzug, um, beispielsweise anhand
der vorherigen drei Atemzlige, ein mittleres Einatemvolumen fir den nachsten Atemzug zu berechnen. Somit
wird der Zerstaubungsimpuls wie folgt berechnet:

(mittleres Atemvolumen - Endvolumen)

Impulsdauer = mittlere Einatmungszeit x
mittleres Atemvolumen

[0046] In dem Zerstauber ist ein Zeitgeber enthalten, der an den Drucksensor 9 (in Eig. 3 gezeigt) ange-
schlossen ist, um die Dauer der Einatmung zu messen. Weiterhin enthalt der Zerstauber eine Speichereinrich-
tung, in der ein Schatzwert flr das Endvolumen eines speziellen Patienten gespeichert ist. Da diese Grofe fur
einen speziellen Patienten eine Konstante ist, kann sie am Beginn eines Behandlungszyklus eingegeben wer-
den, und sie wird abgeschatzt auf der Grundlage der Grofte des Patienten. Der Zerstauber enthalt eine Ein-
richtung zur Messung des Atemvolumens eines Patienten. Gemal einer Form der Erfindung wird der Atem-
strom des Patienten fortlaufend Uberwacht, typischerweise alle 10 Millisekunden, und dieser Atemstrom wird
Uber die Dauer der Einatmung integriert. Ein anderer, einfacherer Weg zur Messung des Atemvolumens eines
Patienten wird spater in dieser Beschreibung beschrieben werden.

[0047] Der Zerstauber enthélt auch eine Einrichtung zur Berechnung der Zeit des Zerstaubungsimpulses auf
der Grundlage der Dauer der Einatmung, des Atemvolumens und des Endvolumens. Die Berechnungseinheit
flihrt die oben skizzierte Berechnung aus.

[0048] In Anbetracht der Tatsache, dalt sich der Zerstauber an das Atmungsmuster eines Patienten anpalt,
wenn der Patient zu atmen beginnt, erfolgt keine Zerstaubung wahrend der ersten drei Atemzlige. Diese ersten
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drei Atemziige werden dazu verwendet, das Atmungsmuster des Patienten zu analysieren. Der Strémungs-
durchsatz der ersten drei Atemzlge wird gemessen, und hieraus wird die Dauer der Einatmungsphase der ers-
ten drei Atemzlge berechnet und ein Mittelwert gebildet. Die mittlere Dauer der Einatmungsphase wird dann
in der Berechnung dazu benutzt, die Impulslange des Zerstaubungsimpulses wahrend des vierten Atemzuges
zu bestimmen. Wahrend der Patient weiterhin ein- und ausatmet, werden auflerdem die vorherigen drei At-
mungsmuster gemessen und zur Berechnung der nachsten Impulsdauer verwendet. Wenn sich das Atmungs-
muster eines Patienten wahrend der Behandlung verbessert, wird sich somit der Zerstauber an diese Veran-
derung anpassen, um die wahrend jedes Atemzuges verabreichte Dosis zu optimieren.

[0049] Die von dem Zerstauber und dem Patienten ausgeflihrten Schritte werden nun unter Bezugnahme auf
Fig. 4 beschrieben. Als erste Operation reprasentiert ein Block 30 den Beginn der Inhalation durch einen Pa-
tienten. Der Zeitgeber zeichnet die Zeit auf, zu der die Inhalation beginnt, wie in Block 31 gezeigt ist, und wah-
rend der Inhalation wird eine Berechnung ausgefihrt, um das Atemvolumen des Patienten vorherzusagen, wie
in Block 33 gezeigt ist. Dieser Schritt wird weiter unten in dieser Beschreibung detaillierter beschrieben werden,
es ist jedoch zu bemerken, dal} die Berechnung Daten erfordert, die in die Berechnung einbezogen werden
missen, namlich die Inhalationszeit und den Spitzenstrom als ein Mittelwert aus den letzten drei AtemzUlgen,
wie in Block 32 gezeigt ist. Die Impulszeit wird dann durch die Berechnungseinrichtung berechnet, wie in Block
34 gezeigt ist, und die Impulszeit wird angepaldt, wie in Block 35 gezeigt ist, falls die Impulslange den Akku-
mulator leeren wirde, aus dem die Druckluft zum Zerstauber zugefihrt wird. Dieser Schritt, in Block 35 gezeigt,
wird ebenfalls weiter unten in dieser Beschreibung naher erldutert werden. Der Zerstaubungsimpuls erfolgt
wahrend der Inhalation, und nachdem er beendet ist, wird eine Berechnung ausgefiihrt, um zu bestimmen, wel-
che Dosis zerstaubt worden ist. Am Ende des Atemzuges werden, wie in Block 38 gezeigt ist, Einzelheiten des
Spitzenstromes bei der Einatmung durch den Patienten und die Dauer der Einatmung aufgezeichnet, so dafy
Berechnungen zur Bestimmung der Impulslange fur die nachfolgenden Atemzige gemacht werden kénnen.
Dies ist in Block 39 gezeigt.

[0050] Weiter oben wurde eine einfachere Vorhersage des Atemvolumens erwahnt. Es versteht sich, dald die
Messung des Atemvolumens durch Integration des gemessenen Strdmungsdurchsatzes lber die Zeit der Ein-
atmung eine betrachtliche Rechenleistung erfordert und verhaltnismafig teuer ist. Es wird ein einfacheres Ver-
fahren zur Bestimmung des Atemvolumens vorgeschlagen, das wesentlich einfachere Berechnungen und we-
sentlich einfachere Messungen fur die Verwendung in einer solchen Berechnung erfordert. Um die Messung
auszufiihren, enthalt der Zerstauber einen Spitzenstromdetektor zur Erfassung des Spitzenwertes des Stré-
mungsdurchsatzes bei der Einatmung.

[0051] Das berechnete oder vorhergesagte Atemvolumen wird abgeleitet aus dem Spitzenstrom, der vom
Spitzenstromdetektor gemessen wurde, und der Dauer der Einatmung, die vom Zeitgeber gemessen wurde.
Die Berechnungseinheit fir das Atemvolumen fihrt die folgende Berechnung aus:

Einatmungszeit

Vorhergesagtes Atemvolumen = C x mittlerer Spitzenstrom x
60

C ist eine Konstante, und es zeigt sich, dalk C =0,7.

[0052] Eig. S5 ist eine Graphik, in der das vorhergesagte Atemvolumen gegen das gemessene Atemvolumen
aufgetragen ist. Jeder Punkt in der Graphik reprasentiert einen Patienten, dessen Atemvolumen durch eine
komplexe Berechnung des Atemvolumens gemessen wurde, durch Integration des Einatemstroms des Pati-
enten Uber die Dauer der Einatmung, und das vorhergesagte Atemvolumen nach dem neuen, einfacheren Be-
rechnungsverfahren. Man erkannt, daf} die vorhergesagten Atemvolumen aul3erst prazise sind und somit das
vorhergesagte Atemvolumen in der Berechnung der Zeit des Zerstaubungsimpulses verwendet werden kann.

[0053] Die Verwendung eines Kompressors mit niedrigem Durchsatz in Verbindung mit einem Akkumulator
zur Zufuhr von Druckluft zu dem Zerstauber wird in unserer friiheren Patentanmeldung beschrieben, die als
WO 97/48431 verdffentlicht worden ist, auf die weiter oben Bezug genommen wurde. In der Vergangenheit
wurde die Grole des Kompressors und des Akkumulators so gewahlt, dal} der maximale Impuls, der von der
Vorrichtung abgegeben werden kann (gegenwartig 50% der Einatmungszeit) fur irgendeinen gegebenen Im-
puls oder fur den mittleren Ausstofl des Kompressors nicht das Volumen des Akkumulators Gberschreitet. Da
nun die Impulszeit variabel ist, ist es bevorzugt, die maximale Impulszeit zu berechnen, die vom Luft-Zufuhr-
system her verflgbar ist. Fur Patienten, die einen etwas hdheren Einatmungsbedarf haben, wird die Impulszeit
fir die Zerstaubung reduziert, so daf} die Zufuhrkapazitat des Luft-Zufuhrsystems nicht iiberschritten wird. Die
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Berechnung wird Atemzug fiir Atemzug ausgefiihrt, unter der Annahme, dall der Akkumulator mit einem kon-
stanten Durchsatz aus dem Kompressor gefiillt wird. Das Luftvolumen, das dem Akkumulator vom Ende des
vorherigen Impulses bis zum Beginn des nachsten Impulses zugefihrt wird, wird berechnet und dann zu dem
Volumen addiert, das am Ende des vorherigen Impulses verblieben ist.

[0054] Eig. § ist ein FluRdiagramm, das die Berechnungen zeigt, die ausgefihrt werden, um sicherzustellen,
dal} das Luftvolumen das Volumen des Akkumulators nicht Gberschreitet. Wenn berechnet wird, dal die Luft
im Akkumulator oberhalb des Maximalvolumens des Akkumulators ist, wird das Volumen auf den Maximalwert
gesetzt V=V_,). Der Grund ist, dal} ein automatisches Entliftungsventil vorhanden ist, das das im Akkumu-
lator gespeicherte Luftvolumen begrenzt. Die maximale Impulszeit kann dann berechnet werden auf der
Grundlage der AbfluRrate der Luft aus dem Akkumulator, d.h., des Durchsatzes des Zerstauberstrahls minus
Durchsatz des Kompressors. Wenn diese das im Akkumulator verfigbare Volumen Uberschreitet, so wird die
Impulszeit auf das aktuelle Akkumulatorvolumen begrenzt. Das Volumen des Akkumulators am Ende des Im-
pulses wird dann berechnet, damit es am Beginn der nachsten Berechnung zu Beginn der nachsten Einat-
mungsphase des Patienten benutzt werden kann. Somit wird die maximale Impulszeit fir einzelne Atemziige
berechnet, ohne daR die Kapazitat des Luft-Zufuhrsystems lberschritten wird. Der Kompressor hat einen kon-
stanten AusstoRR-Durchsatz, typischerweise 1,5 Liter pro Minute, und der Zerstauberstrahl hat einen Durchsatz
von 6 Litern pro Minute wahrend des Impulses. Der Akkumulator hat ein Volumen von annahernd 150 ml bei
Normaldruck und -temperatur.

[0055] FEig. 7 zeigtden Zerstauber 50, der durch einen flexiblen Schlauch 52 mit der Luftzufuhr 51 verbunden
ist.

[0056] In Eig. 8 ist der Akkumulator gezeigt, der ein Entliftungsventil 63 zur Begrenzung der maximalen Aus-
dehnung des Akkumulators hat. Wenn jeder Impuls an den Zerstauber abgegeben wird, wird der Durchmesser
des Akkumulators reduziert, und das Entluftungsventil 63 wird geschlossen.

[0057] Der Kompressor kann durch Netzspannung oder aus einer Batterie versorgt werden. Die Pumpe, ins-
besondere eine mit Netzspannung gespeiste Pumpe, arbeitet wahrend des Gebrauchs kontinuierlich und blaht
den Akkumulator auf. Wenn der Druck im Akkumulator ein gefordertes Niveau erreicht, wird ein Druckschalter
in einem in der Hand gehaltenen Teil des Zerstaubers aktiviert, wie in einer oben erwahnten friheren Paten-
tanmeldung beschrieben wird. Dadurch wird der Zerstauber eingeschaltet. Wenn die Behandlung abgeschlos-
sen ist, wird der Kompressor ausgeschaltet. Der Akkumulator kollabiert, und der Druckschalter in dem in der
Hand gehaltenen Teil des Zerstaubers deaktiviert die Einheit.

[0058] Gemal Ejg. 8 versorgt die Pumpe den Akkumulator Gber einen Einla 64 mit Luft. Das Aufblahen der
Membran 61 des Akkumulators wird durch eine Anordnung gesteuert, die einen Arm 62 aufweist, der mit einem
Entliftungsventil 63 verbunden ist. Wenn die Membran 61 des Akkumulators die maximal gewunschte Aus-
dehnung erreicht, bertihrt sie den Arm 62, um das Entliftungsventil 63 zu &ffnen. Dieses gibt den Luftstrom
aus dem Kompressor an die Atmosphare ab und halt den Akkumulator auf einer festen Ausdehnung. Wahrend
des Gebrauchs wird Luft uber einen Auslal 65 aus dem Akkumulator abgelassen, und die Membran 61
schrumpft und verliert den Kontakt zu dem Ventilarm 62, der das Ventil 63 schlielt, so dal der Kompressor
den Akkumulator wieder aufladen kann, bis der Ventilarm 62 wieder das Entliftungsventil 63 betatigt.

[0059] Ist es auch vorteilhaft, den Akkumulator zur Atmosphare zu entliften, wenn der Kompressor ausge-
schaltet wird, und dies wird dadurch erreicht, dal} der Hauptschalter 66 mit einem Drehknopf 67 auf der Ober-
seite des Akkumulators montiert ist. Die Unterseite des Knopfes 67 weist einen Nocken 68 auf, der den Venti-
larm 62 berthrt, um das Ventil 63 zu 6ffnen und so den Druck aus dem Akkumulator abzulassen. Gleichzeitig
wird der Kompressor ausgeschaltet. Wenn der Kompressor wieder eingeschaltet wird, 16st sich der Nocken 68
vom Ventilarm 62, so dal’ das Entliftungsventil 63 geschlossen wird.

[0060] Eig. 8 illustriert eine vereinfachte Form der Art und Weise, in der all die Komponenten des Zerstaubers
miteinander verbunden sind. Der Kompressor und Akkumulator 70 sind als vom in der Hand gehaltenen Teil
des Zerstaubers 71 getrennt dargestellt, jedoch verbunden durch einen Schlauch 72, der die Druckluft in den
Zerstauber 71 leitet. Im Kompressor- und Akkumulatorteil 70 ist die Pumpe gezeigt, die den Akkumulator mit
Druckluft versorgt. Im Zerstauberteil 71 wird der Zerstauber durch das Vorhandensein von Druckluft im
Schlauch 72 am Druckschalter 73 eingeschaltet. Der Zerstauberteil 74 des Zerstaubers wird durch ein Ventil
oder einen Verteiler 75 gesteuert, der die Druckluftimpulse steuert. Das Atmungsmuster eines Patienten wird
von einem Sensor 76 detektiert, der Information tber das Atmungsmuster an den Mikrocontroller 77 liefert, der
seinerseits den Verteiler 75 steuert. Wenn eine Dosis des Medikaments abgegeben worden ist, so wird eine
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Anzeigeeinrichtung wie etwa eine LED oder ein Summer 78 durch den Mikrocontroller aktiviert um anzuzeigen,
daf} die Behandlung des Patienten abgeschlossen ist.

[0061] Eine weitere Ausfuhrungsform der Erfindung ist in Eig. 18 gezeigt, wobei es sich um ein Dosimeter 80
handelt, das eine Haltekammer 81 aufweist, die an einem Ende einen Auslalk 82 hat, der mit einem Mundstiick
83 verbunden ist. Ein Drucksensor 84 ist zwischen dem Mundstlick 83 und der Haltekammer 81 angeordnet.
Dieser Sensor 84 mif3t den Druck im Mundstlick, woraus der Stromungsdurchsatz der vom Patienten ein- und
ausgeatmeten Luft gemessen werden kann. Das Mundstick 83 hat auch ein Entliftungsventil 85, das es einem
Patienten erlaubt, durch das Mundstiick 83 auszuatmen, ohne die Haltekammer 81 zu flllen. Naheres uber
das Entluftungsventil wird weiter unten beschrieben.

[0062] Innerhalb der Haltekammer ist ein Kolben 86 gezeigt, der sich in Langsrichtung bewegt, um das Volu-
men an Luft zu variieren, das in der Haltekammer 81 fir einen Patienten beim Einatmen zur Verfligung steht.
Der Kolben hat eine Zahnstange 87, die durch das Ende der Haltekammer 81 herausragt, so dal die Zahne
mit dem Finger eines Elektromagneten 88 in Eingriff kommen kdnnen. Ein Lufteinlal 89 befindet sich am linken
Ende der Haltekammer und erlaubt es, dal} Luft in den Raum hinter dem Kolben eintreten oder daraus austre-
ten kann, wenn sich der Kolben nach rechts oder links bewegt.

[0063] Im Gebrauch wird der Kolben 86 zurtickgezogen, um die Haltekammer 81 mit Luft zu fillen. Die Luft
in der Haltekammer 81 wird dann mit einem Medikament beladen, entweder in der Form von flussigen Tropf-
chen oder in der Form einer Wolke aus Pulver. Diese wird Gber einen Port 82 in die Haltekammer 81 abgege-
ben, und dies erfordert normalerweise das Entfernen des Mundstlicks 83. Ein Mundstiick 83 kann dann wieder
eingesetzt werden, und ein Patient atmet durch das Mundstiick 83 ein und aus. Wahrend der Einatmung atmet
der Patient die mit Medikamenten beladene Luft aus der Haltekammer 81 ein, und wahrend der Ausatmung
wird die ausgeatmete Luft durch das Ventil 85 an die Atmosphare abgegeben. Wahrend der Ausatmung ver-
riegelt der Elektromagnet 88 die Zahnstange 87 des Kolbens 86, so daf} dieser sich nicht bewegt und somit
die Haltekammer nicht mit ausgeatmeter Luft geflllt wird. Geman der Erfindung kann sich jedoch der Kolben
86 nur wahrend eines Teils der Einatmungsphase frei bewegen, und er wird durch den Elektromagneten 88 in
seiner Position verriegelt, wahrend der Patient das Endvolumen einatmet. Nachdem der Kolben einmal verrie-
gelt ist, ist das Ventil 85 so ausgebildet, dak der Druckabfall im Mundstick 83, der durch das Verriegeln des
Kolbens 86 verursacht wird, das Ventil 85 6ffnet, so dalt Umgebungsluft in das Mundstlick eingesogen werden
kann. Naturlich kann in dem Mundstiick auch ein separates Ventil vorgesehen sein, um diese Funktion geeig-
net auszufiihren.

[0064] Die Berechnung der Impulslange, wahrend der der Kolben 86 sich frei bewegen kann, um die Abgabe
des Medikaments an den Patienten zu ermdglichen, wird auf die gleiche Weise bestimmt, wie oben in Bezug
aufden Zerstauber beschrieben wurde. Die Atmung des Patienten wahrend der vorherigen drei Atemzige wird
von dem Sensor 84 so lberwacht, dal die gleichen Berechnungen angestellt werden kénnen, wie oben be-
schrieben wurde. Beim nachfolgenden Atemzug detektiert der Sensor den Beginn des Atemzuges, und nach
der Dauer des Impulses wird der Kolben verriegelt.

[0065] Eine solche Anordnung verringert den Verlust des Medikaments, das im Endvolumen an Luft vorhan-
den ist, das normalerweise vom Patienten eingeatmet wird.

[0066] Diese Erfindung ist auch auf andere Typen von medizinischen Inhalationsgeraten anwendbar. Wie z.B.
im Einleitungsteil dieser Beschreibung beschrieben wurde, wird in US 5 649 920 ein Inhalationsgerat fur Tro-
ckenpulver beschrieben, das einen piezoelektrischen Vibrator und eine elektrostatische Ladungsplatte be-
nutzt, um ein trockenes Pulver zu fluidisieren und in den Luftstrom des Patienten zu dispergieren. Die elektro-
statische Ladungsplatte kann in Abhangigkeit vom Atmungsmuster des Patienten betatigt werden, so daf} Im-
pulse erzeugt werden, in denen das pulverférmige Medikament in den zum Patienten fuhrenden Luftstrom ab-
gegeben wird. Die Lange der Impulse kann genau auf die gleiche Weise wie bei den zuvor beschriebenen Aus-
fihrungsformen so bestimmt werden, dal} das trockene Pulver nicht in das Endvolumen des zum Patienten
fuhrenden Luftstroms dispergiert wird.

Patentanspriiche

1. Abgabevorrichtung fur Medikamente, mit:
einer Abgabeeinrichtung zur Abgabe von mit Medikamenten beladener Luft, sowie von Luft, die keinerlei Me-
dikamente tragt, zur Einatmung durch einen Patienten;
einer Uberwachungseinrichtung (9, 76) zur Uberwachung eines Atmungsmusters des Patienten; und
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einer Steuereinrichtung (77) zur Steuerung der Abgabeeinrichtung zur selektiven Abgabe der mit Medikamen-
ten beladenen Luft und der Luft, die keinerlei Medikamente tragt,

dadurch gekennzeichnet, dal} die Steuereinrichtung (77) dazu ausgebildet ist, die Abgabeeinrichtung so zu
steuern, dal} sie die mit Medikamenten beladene Luft in Impulsen abgibt, deren Lange und deren Verhaltnis
zur Einatmungsphase des Atmungsmusters durch die Steuereinrichtung (77) in Abhangigkeit von dem durch
die Uberwachungseinrichtung (9, 76) liberwachten Atmungsmuster variiert wird.

2. Vorrichtung nach Anspruch 1, bei der die Steuereinrichtung (77) dazu ausgebildet ist, zur Anpassung an
Anderungen in dem (berwachten Atmungsmuster die Lange des Impulses Atemzug fir Atemzug zu steuern.

3. Vorrichtung nach Anspruch 1 oder 2, bei der die Vorrichtung ein Zerstauber (50, 74) ist, in dem die Ein-
richtung zur selektiven Abgabe der mit Medikamenten beladenen Luft eine Einrichtung zum Zerstauben eines
Medikaments ist und die Steuereinrichtung (77) die Zerstaubungseinrichtung so steuert, dall das Medikament
impulsweise zerstaubt wird.

4. Zerstauber (50, 74) nach Anspruch 3, mit einer Einrichtung zur Bestimmung der Dauer des Zerstau-
bungsimpulses, enthaltend eine Einrichtung zur Messung des Atemvolumens eines Patienten, einen Zeitgeber
zur Messung der Dauer der Einatmung, eine Einrichtung zur Speicherung eines Schatzwertes fir das Volumen
des oberen Luftweges eines Patienten und eine Einrichtung zur Berechnung der Dauer des Impulses auf der
Grundlage des von der Einrichtung zur Messung des Atemvolumens gemessenen Atemvolumens, der vom
Zeitgeber gemessenen Dauer der Einatmung des in der Speichereinrichtung gespeicherten Schatzwertes fiir
das Volumen des oberen Luftweges des Patienten.

5. Zerstauber (50, 74) nach Anspruch 4, bei dem die Einrichtung zur Messung des Atemvolumens eines
Patienten eine Einrichtung zur Messung eines Spitzenwertes des Atemstroms des Patienten und eine Atem-
volumen-Vorhersageeinrichtung aufweist, zur Berechnung des Atemvolumens auf der Grundlage des Spitzen-
wertes des Atemstroms und der vom Zeitgeber gemessenen Dauer der Einatmung.

6. Zerstauber nach Anspruch 4 oder 5, bei dem einige oder sdmtliche der Werte, die in den Berechnungen
verwendet werden, Mittelwerte sind, die aus einer Anzahl von friheren Messungen des Atmungsmusters des
Patienten abgeleitet sind.

7. Zerstauber nach einem der Anspriiche 3 bis 6, mit einer Quelle (71, 51) fur Druckgas zum Zerstauben
des Medikaments, welche Quelle (70, 51) einen Akkumulator zum Sammeln des Gases unter Druck und eine
Einrichtung (73) zur Begrenzung der Dauer des Impulses aufweist, um den Akkumulator in einem Zustand zu
halten, in dem er stets unter gewissem Druck ist.

8. Zerstauber nach Anspruch 7, bei dem der Akkumulator ein Ventil (63) aufweist, das, wenn der Akkumu-
lator voll ist, Gas in die Atmosphare ablalfit.

9. Vorrichtung nach Anspruch 1 oder 2, bei der die Vorrichtung ein Dosimeter (80) ist, in dem die Abgabe-
einrichtung zur selektiven Abgabe der mit Medikamenten beladenen Luft eine Haltekammer (81) zum Halten
von mit Medikamenten beladener Luft ist.

10. Dosimeter (80) nach Anspruch 9, mit einer Einrichtung zur Bestimmung der Dauer des Zerstaubungs-
impulses, enthaltend eine Einrichtung zur Messung des Atemvolumens eines Patienten, einen Zeitgeber zur
Messung der Dauer der Einatmung, eine Einrichtung zur Speicherung eines Schatzwertes fir das Volumen
des oberen Luftweges eines Patienten und eine Einrichtung zur Berechnung der Dauer des Impulses auf der
Grundlage des von der Einrichtung zur Messung des Atemvolumens gemessenen Atemvolumens, der vom
Zeitgeber gemessenen Dauer der Einatmung des in der Speichereinrichtung gespeicherten Schatzwertes fur
das Volumen des oberen Luftweges des Patienten.

11. Dosimeter (80) nach Anspruch 10, bei dem die Einrichtung zur Messung des Atemvolumens eines Pa-
tienten eine Einrichtung zur Messung eines Spitzenwertes des Atemstroms des Patienten und eine Atemvolu-
men-Vorhersageeinrichtung aufweist, zur Berechnung des Atemvolumens auf der Grundlage des Spitzenwer-
tes des Atemstroms und der vom Zeitgeber gemessenen Dauer der Einatmung.

12. Dosimeter (80) nach Anspruch 10 oder 11, bei dem einige oder samtliche der Werte, die in den Berech-
nungen verwendet werden, Mittelwerte sind, die aus einer Anzahl von friheren Messungen des Atmungsmus-
ters des Patienten abgeleitet sind.

VPR Exhibit
2016
Page 94

10/20



DE 699 24 862 T2 2006.03.02

13. Dosimeter (80) nach einem der Anspriche 9 bis 12, mit einer Einrichtung (86) zur Verringerung des
Volumens der mit Medikamenten beladenen Luft in der Haltekammer (81), um die Abgabe der mit Medikamen-
ten beladenen Luft an einen Patienten zu erméglichen.

14. Dosimeter (80) nach Anspruch 13, bei dem die Einrichtung zur Verringerung des Volumens der mit Me-
dikamenten beladenen Luft ein Kolben (86) ist, der in der Haltekammer (81) beweglich ist.

15. Dosimeter (80) nach Anspruch 13 oder 14, mit einer Einrichtung (87, 88) zur Steuerung der Bewegung
der Einrichtung (86) zur Verringerung des Volumens der Haltekammer (81) zur Abgabe der mit Medikamenten
beladenen Luft in Impulsen.

16. Dosimeter (80) nach einem der Anspriche 9 bis 15, mit einer BelUftungséffnung (85), die das Einatmen
von nicht mit Medikamenten beladener Luft auRerhalb der Zeit erlaubt, in der ein Impuls vorhanden ist.

Es folgen 9 Blatt Zeichnungen
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complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION DE69924862T2

[0001]

13 This invention relates to medicament delivery devices and more particularly, but not exclusively,
to nebulizers and dosimetric inhalation aids.

[0002]

18 Many different types of nebulizers are known for delivering drugs directly into a patient's lungs,
usually for the treatment of respiratory diseases.

20 Nebulizers usually deliver the drug in the form of droplets or a dry powder. In most nebulizers,
the drug is continuously nebulized into a stream of air, regardless of whether the patient is
inhaling or exhaling. The consequence of continuous nebulization, however, is that a significant
proportion of the medicament is lost during exhalation.

[0003]

27 The well known nebulizers are either pneumatically operated, with the aid of a compressed air
source connected to the nebulizer that nebulizes the liquid, or they are ultrasonic nebulizers that
nebulize the liquid with a piezoelectric crystal.

30 More recently, a sieve-like nebulizer has been developed in which the drug is forced through a
fine sieve to create droplets of the drug. Another type of nebulizer or inhalation device is of the
type that uses a piezoelectric vibrator in conjunction with an electrostatic charge plate to fluidize
a dry powder and disperse it as an aerosol in a stream of air. Such a nebulizer is described in
US Pat. No. 5,694,920.

[0004] VPR Exhibit
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38 The optimal diameter of the particles or droplets of the drug is about 1-5 pm.

39 If the particles or droplets are larger than this value, there is a high probability that they will
bounce in the airway before they reach the lungs, and if they are smaller than 1 ym they will
have a tendency to be carried out of the lungs on exhalation, without them settling in the lungs.

[0005]

45 Nebulizers and inhalation devices disperse the small particles of drug into a stream of air or
other gas that is delivered to a patient.

47 As far as reference is made to the air which serves as a carrier for the medicament carried
therein, other gases are intended to be included which are suitable as a carrier for the
medicament.

[0006]

53 A known nebulizer analyzes the pressure changes within the device during the first three
breaths to determine an average shape of the breathing pattern.

55 A timed nebulization pulse begins when the subsequent inhalation phase begins, so that
atomization occurs during the first 50% of the inhalation phase. This is illustrated in FIG. 1,
where the breathing pattern and the pulse are shown superimposed. This reduces the loss of
medication during exhalation to around 3%. Fig. 1 shows the breaths in a graph in which the
throughput is plotted against time. When treatment begins, the patient will inhale and exhale
three times through the nebulizer before treatment begins. The first three breaths are measured
so that the timed nebulizer pulse occurs during 50% of the mean inhalation time. The duration
of the inhalation phase is given as T1, T2 and T3. These times are averaged and divided by 2 to
determine the pulse length for the next, fourth breath, at which treatment begins. For each
subsequent breath, the duration of the nebulization pulse is determined by adding the duration
of the inhalation phases of the previous three breaths and dividing by 3 to obtain an average
value, and then dividing by 2.

67 The dose delivered to the patient is directly proportional to the duration of the nebulization pulse
and thus the nebulization period is summed and the nebulizer is turned off or indicates that the
patient should stop as soon as the dose administered to the patient reaches the prescribed
amount of the treatment Drug reached.

[0007]
74 Other nebulizers are known in which the timed nebulization pulse is set at a value other than
50% of the duration of inhalation.
76 With these other nebulizers, however, the pulse length must be adjusted for each patient by the
medical staff. Many of the nebulizers are therefore only suitable for use in a controlled
environment, such as a hospital. Adjusting the pulse length for each patient means that most
nebulizers are not suitable for home use by a patient. VPR Exhibit
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[0008]

83 DE 36 36 669 describes a device for delivering an aerosol into the airways of a patient, which
device has separate inhalation and exhalation lines.

85 An aerosol generator is arranged in the inhalation line, which generates an aerosol only during
the exhalation phase of the patient, so that the aerosol fills an area in the inhalation line. When
the patient inhales, the aerosol is drawn into the patient's lungs from the inhalation line.
However, the volume of the aerosol is fixed. The volume of the aerosol is determined to be
appropriate for the assumed tidal volume when a patient breathes in a particular way.

[0009]

93 GB 2 077 444 describes an apparatus suitable for use in determining at least two parameters of
a human or animal respiratory system.

95 The device comprises a pressure sensor, a flow sensor, a volume sensor, a monitoring unit and
a calculation unit, whereby during each breathing cycle the monitoring unit supplies at least two
sets of measured values for the pressure and the flow rate and the volume to the calculation
unit and the calculation unit supplies the desired parameters of the Respiratory system based
on the sets of measured values. The volume is calculated in a conventional manner by
integrating the flow over time.

[0010]

104 Reference is made to our co-pending International Patent Publication No. WO 97/48431.

105 Figures 2 and 3 of the present application show the nebulizer disclosed in the above-mentioned
co-pending patent application. 2 shows a mouthpiece 1 through which a patient inhales in the
direction of arrow 2. Below the mouthpiece 1 there is a removable atomizer part 3, which in
turn rests on a base 4.

[0011]

112 The base 4 is shown in more detail in FIG. 3.

113 3, the base 4 has an inlet 5 through which air under pressure is supplied from a compressor
(not shown). The compressed air is conducted via a pipe 6 to a distributor 7 which controls the
flow of the compressed air to an air outlet 8 which directs air into the atomizer part 3 shown in
FIG. The base 4 also contains a pressure sensor 9 which detects the pressure in the interior of
the atomizer part 3 via a port 10.

[0012]
121 As shown again in Fig. 2, air under pressure flows through the air outlet 8 of the base 4@Tﬂﬁkhibit
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passed through a tubular column 11 to an atomizing nozzle 12, from which the air exits under
pressure.

124 A deflector 13 is arranged in the path of the compressed air emerging from the nozzle 12, so
that the compressed air is deflected laterally and flows through below a shield 14. The
passage of the compressed air through the upper end of the tubular column 11 causes the
medicament 15 to be drawn up between the outer surface of the tubular column 11 and the
inner surface of a sleeve 16 surrounding the tubular column 11. The medicament 15 is
atomized into the air stream and carried along in the air stream below the edge of the shield 14
and up through the mouthpiece 1 to a patient.

[0013]

134 The pressure sensor 9 in the base 4 monitors the breathing pattern of a patient, and on the
basis of the breathing pattern the distributor 7 is controlled so that it only supplies the
compressed air to the nebulizer part 3 during the first 50% of an inhalation phase.

[0014]
140 While a particular type of nebulizer has been described above, the present application is
suitable for use in any type of nebulizer.

[0015]

145 The invention also relates to other devices for dispensing medicaments, for example to
dosimeters, in which a dose of medicament in droplet or powder form is released into a
dosimeter chamber or holding chamber from which it is inhaled by the patient.

148 These devices are particularly suitable for elderly patients or children who have difficulty using
a multi-dose or dry powder inhalation device, e.g.

150 B. because they find it difficult to coordinate the release of the drug with the beginning of the
inhalation phase or because their respiratory flow rates are too small.

152 Dosimeters are z. As described in International Patent Publication No. WO 96/13294.

[0016]
156 According to a first aspect of the present invention, a dispensing device for medicaments
comprises a dispenser for dispensing air laden with medicaments and air which does not carry
any medicament for inhalation by a patient, a monitoring device for monitoring a breathing
pattern of the patient and a control device for controlling the Dispensing device for the
selective dispensing of the drug-laden air and the air that does not carry any drugs,
characterized in that the control device is designed to control the dispensing device so that it
dispenses the medicament-laden air in pulses, their length and their ratio for the inhalation
phase of the breathing pattern is varied by the control device as a function of the breatr\%gR Exhibit
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pattern monitored by the monitoring device.

[0017]

168 One method of determining the duration of a pulse during which drug-laden air is delivered to a
patient during inhalation comprises:

170 (i) measuring the tidal volume of a patient;

171 (ii) measuring the duration of a patient's inspiratory phase;

172 (iii) storing an estimate of the volume of a patient's upper airway; and

173 (iv) calculating the duration of the pulse based on the patient's measured tidal volume, the
measured duration of the inspiratory phase, and the stored estimate of the patient's upper
airway volume.

[0018]

179 In this document "upper airways of a patient" means the mouth and windpipe and, if a nebulizer
is used, preferably including the volume of the nebulizer chamber.

[0019]

184 Determining the length of the pulses makes it possible to extend the portion of the inhalation
time during which the nebulization takes place from over 50% to 100%. This results in the
patient receiving his treatment in less time because it takes fewer breaths to deliver the
required dose of medication. However, there is no point in continuing to deliver the drug into
the air that the patient inhales towards the end of their inhalation phase (the final volume)
because it will remain in the upper airways. The drug that does not get through the upper
airways is lost when the patient exhales.

[0020]

194 Thus, the invention makes it possible to generate a pulse that is longer than 50% but ends
before the end volume of inspiration begins.

196 Another advantage of this invention is that the patient will comply with treatment regimes much
better if the length of the treatment is reduced.

[0021]

201 In addition, the invention allows the automatic optimization of the pulse length without it having
to be adjusted by the medical staff.

203 This means that the pulse length is automatically adjusted for each patient based on the
patient's breathing pattern at the time the drug is administered. Thus, a nebulizer or other drug

delivery device can be used by the patient outside of the controlled environment of a hc\%ifflExhibit
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and, in particular, can also be used at home. It is also possible for the device to indicate when
a certain dose has been administered so that the patient does not have to count the number of
breaths he has taken.

[0022]

212 According to the preferred embodiment, the device for measuring the tidal volume of a patient
comprises a device for measuring a peak value of the patient's respiratory flow and a device
for predicting the tidal volume, for calculating the tidal volume on the basis of the peak value of
the respiratory flow, which is provided by the device for measuring the Peak value of the
respiratory flow is measured, and on the basis of the duration of the inhalation measured by
the timer.

[0023]

221 Some or all of the values used in the calculations are mean values derived from a number of
previous measurements for each breathing pattern.

223 For example, the patient will begin inhaling through the device and the drug will not be
administered during the first three breaths.

225 The first three breaths are analyzed by recording the duration of the inhalation phase and the
peak currents during inhalation, as needed to determine the duration of a nebulization pulse.
The drug is released on the fourth and subsequent breaths, the values in the calculations
being derived from a number of previous measurements of the patient's inhalation phase, in
this case from the previous three inhalation phases.

[0024]

233 If the device is a nebulizer, the nebulization is preferably carried out with the aid of a gas flow
under pressure which flows through the nebulizer and is provided by a supply device for gas.

235 This gas is normally air, and the supply device is preferably a compressor which cooperates
with an accumulator. In nebulization, gas from the accumulator is used to nebulize the drug
and the compressor generates compressed air to fill the accumulator.

[0025]
241 When a patient inhales, the accumulator can be emptied so that nebulization is interrupted.
242 The nebulizer therefore preferably contains a device for limiting the duration of the pulse, so
that the accumulator is kept in a state in which it is always under a certain pressure. In
addition, the accumulator can have a valve which, when the accumulator is full, releases gas
to the atmosphere and thus prevents the accumulator from being dangerously overfilled. It is
often better to keep the compressor running continuously and to release the excess air into the
atmosphere than to switch the compressor on and off. VPR Exhibit
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[0026]

251 A method for predicting a patient's tidal volume includes:

252 (i) measuring the peak current of a patient;

253 (ii) measuring the duration of the patient's inspiratory phase;

254 (iii) Calculating the tidal volume based on the measured peak flow and the measured duration
of the patient's inhalation phase.

[0027]

259 The measurement of the patient's tidal volume previously included the continuous monitoring of
the patient's respiratory flow, typically every 10 milliseconds.

261 The flow rate is then integrated over the duration of the inhalation in order to determine the
inhalation volume.

263 According to the invention, however, the tidal volume of a patient can be determined much
more easily.

265 This invention reduces the amount of data processing required, thereby reducing the overall
cost of the nebulizer.

267 The peak current is much easier to measure and can be used more easily in a calculation to
determine the tidal volume.

[0028]
272 Embodiments of the present invention are described below, by way of example and with
reference to the accompanying drawings, in which:

[0029]

277 Fig. 1 is a graph plotting a patient's inhalation pattern over time and showing when the
nebulization pulse occurs in the first 50% of the inhalation phase, as is the case with a prior art
nebulizer;

[0030]

283 Figures 2 and 3 show a prior art nebulizer which generates nebulization pulses during the first
50% of the inhalation phase;

[0031]

288 Fig. 4 is a flow chart showing how the nebulization pulse is determined during inhalation;

VPR Exhibit
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[0032]
292 5 shows a graph in which the predicted tidal volume is plotted against the measured tidal
volume;

[0033]
297 6 is a flow chart showing the limitation of the pulse length as a function of the supply of
pressurized gas;

[0034]
302 7 shows the nebulizer together with a source of pressurized gas;

[0035]

306 8 shows an air accumulator in the air supply system;

[0036]

310 Fig. 9 is a block diagram showing how the nebulizer is controlled; and

[0037]

314 10 is a sketch of a dosimeter according to the present invention.

[0038]
318 This invention relates, inter alia, to atomizers of the type which produce atomizing pulses such
as the conventional atomizer described above.

[0039]

323 However, the invention is not limited to the particular nebulizer described above, but can be
applied to other nebulizers.

325 For the sake of simplicity, the following description of the present invention will refer to the
components of the conventional apparatus as shown in Figs. 2 and 3, and because many of
these components, e.g.

328 The manifold, can be used in the present invention.

329 The atomizer can be a jet atomizer, an ultrasonic atomizer or a pressure screen atomizer.

VPR Exhibit
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[0040]

333 Jet atomizers are of two types, namely air jet atomizers and liquid jet atomizers.

334 An example of an air jet atomizer that uses a source of compressed air to atomize a liquid is
described in EP 0 627 266 (Medic-Aid Limited).

336 An example of a liquid jet atomizer which forces a liquid through one or more nozzle outlets to
produce a spray of fine droplets is described in WO 94/07607 (Boehringer Ingelheim
International GmbH et al).

[0041]

342 Ultrasonic nebulizers, which atomize liquid using ultrasonic waves commonly generated by an
oscillating piezoelectric element, have many forms including those in which liquid is in direct
contact with the piezoelectric element, those in which a reinforcing link, typically an enclosed
one Fluid, between the piezoelectric element and the liquid, and those in which the
piezoelectric element vibrates a sieve, is generated by the aerosol.

347 Examples of ultrasonic nebulizers are described in US 4,533,082 (Maehara et al.) And US
5,261,601 (Ross et al.).

[0042]

352 The nebulizers described in these documents have a housing which has a reservoir which
holds a quantity of the liquid to be dispensed, and the housing has a perforated membrane
which is in contact with the reservoir and an ultrasonic vibrator which is connected to the
housing to vibrate the perforated membrane.

[0043]

359 Another example of an ultrasonic nebulizer is described in WO 97/29851 (Fluid Propulsion
Technologies, Inc).

361 An example of a pressure screen atomizer which may or may not contain a piezoelectric
element is described in WO 96/13292 (Aradigm Corporation).

[0044]
366 Extending the portion of the patient's inhalation phase during which nebulization takes place to
more than 50% results in patients receiving their treatment more quickly because fewer
breaths are required to deliver the required volume of drug.
369 However, in order to avoid wasting the medicament which is nebulized in the final volume of
the patient's inspiratory volume, the nebulization pulse must be terminated before the final
volume is reached.
372 The final volume is the volume of air that is inhaled by a patient at the end of the inspiratory
volume and that remains in the upper airways (the mouth and windpipe) and does not e\gﬁi Exhibit
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the lower areas of the lungs.
375 The drug that is nebulized into this final volume is lost when the patient exhales, along with any
airborne drug that has been left in the nebulizer because it does not reach the lungs.

[0045]

380 The final volume is the volume of the patient's upper airway and is proportional to the patient's
largest.

382 Of course, the final volume will vary as a percentage of the inspiratory volume since the tidal
volume changes significantly depending on the nature and extent of the breathing difficulties
the patient is experiencing.

385 The optimal duration of the nebulization pulse would therefore be the time from the beginning
of inhalation to the point during the inhalation phase at which the volume still to be inhaled
equals the final volume.

388 The nebulization would then stop and the remaining final volume would remove the nebulized
medicament from the device and the patient's upper airways and bring it into the lungs. Thus,
the percentage of inhalation in which atomized medication is delivered is maximized, thereby
minimizing treatment time while still avoiding waste of the medication. The length of the
nebulization pulse depends on the patient's inhalation volume. The nebulizer must therefore
measure the patient's tidal volume, preferably from breath to breath, in order to calculate an
average inhaled volume for the next breath, for example on the basis of the previous three
breaths. Thus, the atomization pulse is calculated as follows:

[0046]

399 A timer is included in the nebulizer which is connected to the pressure sensor 9 (shown in Fig.
3) to measure the duration of inhalation.

401 The nebulizer also contains a memory device in which an estimate of the final volume of a
particular patient is stored. Since this quantity is a constant for a particular patient, it can be
entered at the beginning of a treatment cycle and it is estimated based on the patient's height.
The nebulizer contains a device for measuring the tidal volume of a patient. According to one
form of the invention, the patient's breath flow is continuously monitored, typically every 10
milliseconds, and this breath flow is integrated over the duration of the inhalation. Another,
simpler way of measuring a patient's tidal volume will be described later in this specification.

[0047]

411 The nebulizer also includes means for calculating the time of the nebulization pulse based on
duration of inhalation, tidal volume and final volume.

413 The calculation unit carries out the calculation outlined above.
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[0048]

417 Given that the nebulizer adapts to a patient's breathing pattern when the patient begins to
breathe, no nebulization occurs during the first three breaths.

419 These first three breaths are used to analyze the patient's breathing pattern. The flow rate of
the first three breaths is measured, and from this the duration of the inhalation phase of the
first three breaths is calculated and an average value is formed. The mean duration of the
inhalation phase is then used in the calculation to determine the pulse length of the
nebulization pulse during the fourth breath. As the patient continues to inhale and exhale, the
previous three breathing patterns are also measured and used to calculate the next pulse
duration. Thus, if a patient's breathing pattern improves during treatment, the nebulizer will
adapt to this change in order to optimize the dose administered during each breath.

[0049]

430 The steps performed by the nebulizer and the patient will now be described with reference to
FIG.

432 As a first operation, a block 30 represents the start of inhalation by a patient. The timer records
the time the inhalation begins, as shown in block 31, and a calculation is made during the
inhalation to predict the patient's tidal volume, as shown in block 33. This step will be
described in more detail later in this specification, but it should be noted that the calculation
requires data to be included in the calculation, namely the inhalation time and the peak flow as
an average of the last three breaths, as in block 32 is shown. The pulse time is then calculated
by the calculator as shown in block 34 and the pulse time is adjusted as shown in block 35 if
the pulse length would empty the accumulator from which the compressed air is supplied to
the atomizer. This step, shown in block 35, will also be explained in more detail further below
in this description.

442 The nebulization pulse occurs during inhalation and after it is finished a calculation is made to
determine what dose has been nebulized. At the end of the breath, as shown in block 38,
details of the peak patient inhalation flow and duration of inhalation are recorded so that
calculations can be made to determine the pulse length for subsequent breaths. This is shown
in block 39.

[0050]

450 A simpler prediction of tidal volume was mentioned above.

451 It goes without saying that the measurement of the tidal volume by integrating the measured
flow rate over the time of inhalation requires considerable computing power and is relatively
expensive. A simpler method for determining the tidal volume is proposed, which requires
considerably simpler calculations and considerably simpler measurements for use in such a
calculation. In order to carry out the measurement, the nebulizer contains a peak flow detector
for detecting the peak value of the flow rate during inhalation.
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[0051]

460 The calculated or predicted tidal volume is derived from the peak flow measured by the peak
flow detector and the duration of inhalation measured by the timer.

462 The calculation unit for the tidal volume carries out the following calculation: C is a constant,
and it is found that C = 0.7.

[0052]

467 5 is a graph in which the predicted tidal volume is plotted against the measured tidal volume.

468 Each point in the graph represents a patient whose tidal volume was measured by a complex
calculation of the tidal volume, by integrating the patient's inspiratory flow over the duration of
the inhalation, and the predicted tidal volume using the new, simpler calculation method. It is
recognized that the predicted tidal volumes are extremely precise and thus the predicted tidal
volume can be used in calculating the time of the nebulization pulse.

[0053]

476 The use of a low flow compressor in conjunction with an accumulator to supply pressurized air
to the nebulizer is described in our earlier patent application published as WO 97/48431,
referenced above.

479 In the past, the size of the compressor and accumulator was chosen so that the maximum
pulse that can be delivered by the device (currently 50% of the inspiratory time) for any given
pulse or for the mean output of the compressor does not exceed the volume of the
accumulator . Since the pulse time is now variable, it is preferred to calculate the maximum
pulse time available from the air delivery system. For patients who have a somewhat higher
inhalation requirement, the pulse time for the nebulization is reduced so that the supply
capacity of the air supply system is not exceeded. The calculation is carried out breath by
breath, assuming that the accumulator is being filled with a constant flow rate from the
compressor. The volume of air supplied to the accumulator from the end of the previous pulse
to the beginning of the next pulse is calculated and then added to the volume remaining at the
end of the previous pulse.

[0054]
493 Figure 6 is a flow chart showing the calculations that are performed to ensure that the volume
of air does not exceed the volume of the accumulator.
495 If it is calculated that the air in the accumulator is above the maximum volume of the
accumulator, the volume is set to the maximum value (V = Vmax). The reason is that there is
an automatic vent valve which limits the volume of air stored in the accumulator. The
maximum pulse time can then be calculated based on the rate of discharge of air from the
accumulator, i.e. the flow rate of the atomizing jet minus the flow rate of the compressobgﬁﬁxhibi ¢
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exceeds the volume available in the accumulator, the pulse time is limited to the current
accumulator volume. The volume of the accumulator at the end of the pulse is then calculated
so that it can be used at the beginning of the next calculation at the beginning of the patient's
next inhalation phase. The maximum pulse time for individual breaths is thus calculated
without the capacity of the air supply system being exceeded. The compressor has a constant
output flow rate, typically 1.5 liters per minute, and the atomizing jet has a flow rate of 6 liters
per minute during the pulse.

507 The accumulator has a volume of approximately 150 ml at normal pressure and temperature.

[0055]
511 FIG. 7 shows the atomizer 50 which is connected to the air supply 51 by a flexible hose 52.

[0056]

515 8 shows the accumulator which has a vent valve 63 for limiting the maximum expansion of the
accumulator.

517 As each pulse is delivered to the nebulizer, the diameter of the accumulator is reduced and the
vent valve 63 is closed.

[0057]

522 The compressor can be supplied by mains voltage or from a battery.

523 The pump, in particular a pump fed with mains voltage, works continuously during use and
inflates the accumulator.

525 When the pressure in the accumulator reaches a required level, a pressure switch in a hand-
held part of the atomizer is activated, as described in an earlier patent application mentioned
above. This will turn on the atomizer. When the treatment is finished, the compressor will turn
off. The accumulator collapses and the pressure switch in the hand-held part of the nebulizer
deactivates the unit.

[0058]
533 According to FIG. 8, the pump supplies the accumulator with air via an inlet 64.
534 The inflation of the membrane 61 of the accumulator is controlled by an arrangement which has
an arm 62 which is connected to a vent valve 63. When the membrane 61 of the accumulator
reaches the maximum desired expansion, it contacts the arm 62 in order to open the vent
valve 63. This releases the air flow from the compressor to the atmosphere and keeps the
accumulator at a fixed expansion. During use, air is vented from the accumulator through an
outlet 65 and the diaphragm 61 shrinks and loses contact with the valve arm 62 which closes
the valve 63 so that the compressor can recharge the accumulator until the valve arm 62 again
Vent valve 63 actuated. VPR Exhibit
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[0059]

545 It is also advantageous to vent the accumulator to atmosphere when the compressor is
switched off, and this is achieved in that the main switch 66 is mounted with a rotary knob 67
on the top of the accumulator.

548 The underside of button 67 has a cam 68 which contacts valve arm 62 to open valve 63 to
relieve pressure from the accumulator. At the same time the compressor is switched off. When
the compressor is turned on again, the cam 68 disengages from the valve arm 62 so that the
vent valve 63 is closed.

[0060]

555 Figure 9 illustrates a simplified form of the manner in which all of the components of the
atomizer are interconnected.

557 The compressor and accumulator 70 are shown as being separate from the hand-held portion
of the nebulizer 71, but connected by a hose 72 which directs the compressed air into the
nebulizer 71. In the compressor and accumulator part 70, the pump is shown, which supplies
the accumulator with compressed air. In the atomizer part 71, the atomizer is switched on by
the presence of compressed air in the hose 72 at the pressure switch 73. The nebulizer portion
74 of the nebulizer is controlled by a valve or manifold 75 which controls the pulses of
compressed air. The breathing pattern of a patient is detected by a sensor 76, which supplies
information about the breathing pattern to the microcontroller 77, which in turn controls the
distributor 75. When a dose of medication has been delivered, an indicator such as an LED or
buzzer 78 is activated by the microcontroller to indicate that treatment of the patient is
complete.

[0061]

571 A further embodiment of the invention is shown in FIG. 10, which is a dosimeter 80 which has a
holding chamber 81 which has an outlet 82 at one end which is connected to a mouthpiece 83.

573 A pressure sensor 84 is arranged between the mouthpiece 83 and the holding chamber 81.
This sensor 84 measures the pressure in the mouthpiece, from which the flow rate of the air
inhaled and exhaled by the patient can be measured. The mouthpiece 83 also has a vent
valve 85 that allows a patient to exhale through the mouthpiece 83 without filling the holding
chamber 81. More information about the vent valve is described below.

[0062]
581 A piston 86 is shown within the holding chamber which moves longitudinally to vary the volume

of air that is available in the holding chamber 81 for a patient to inhale.
583 The piston has a rack 87 which protrudes through the end of the holding chamber 81 So\}}fﬁi Exhibit
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the teeth of an electromagnet 88 can be engaged. An air inlet 89 is located at the left end of
the holding chamber and allows air to enter or exit the space behind the piston as the piston
moves right or left.

[0063]

590 In use, the piston 86 is withdrawn to fill the holding chamber 81 with air.

591 The air in the holding chamber 81 is then loaded with medicament, either in the form of liquid
droplets or in the form of a cloud of powder. This is released into the holding chamber 81 via a
port 82, and this normally requires the removal of the mouthpiece 83. A mouthpiece 83 can
then be reinserted and a patient inhales and exhales through the mouthpiece 83. During
inhalation, the patient inhales the drug-laden air from the holding chamber 81, and during
exhalation, the exhaled air is exhausted through the valve 85 to the atmosphere. During
exhalation, the electromagnet 88 locks the toothed rack 87 of the piston 86 so that it does not
move and thus the holding chamber is not filled with exhaled air. In accordance with the
invention, however, the piston 86 is free to move only during part of the inhalation phase and is
locked in position by the electromagnet 88 while the patient is inhaling the final volume.

601 Once the piston is locked, the valve 85 is designed so that the pressure drop in the mouthpiece
83 caused by the locking of the piston 86 opens the valve 85 so that ambient air can be drawn
into the mouthpiece. Of course, a separate valve can also be provided in the mouthpiece in
order to carry out this function in a suitable manner.

[0064]

608 The calculation of the pulse length during which the plunger 86 is free to move to allow the drug
to be delivered to the patient is determined in the same manner as described above with
respect to the nebulizer.

6711 The patient's breathing during the previous three breaths is monitored by sensor 84 so that the
same calculations can be made as described above. During the next breath, the sensor
detects the beginning of the breath, and after the duration of the pulse the piston is locked.

[0065]
677 Such an arrangement reduces the loss of medicament present in the final volume of air that is
normally inhaled by the patient.

[0066]
622 This invention is also applicable to other types of medical inhalation devices.
623 Such as
624 For example, as described in the introductory section of this specification, US 5,649,920
describes a dry powder inhaler which uses a piezoelectric vibrator and an electrostatic Q}Pf{g%xhibi ¢
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plate to fluidize a dry powder and disperse it into the patient's air stream. The electrostatic
charge plate can be actuated as a function of the patient's breathing pattern, so that pulses are
generated in which the powdered medicament is released into the air stream leading to the
patient. The length of the pulses can be determined in exactly the same way as in the
previously described embodiments so that the dry powder is not dispersed into the final
volume of the air flow leading to the patient.
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4,947,874

1

SMOKING ARTICLES UTILIZING ELECTRICAL
ENERGY

BACKGROUND OF THE INVENTION

The present invention relates to cigarettes and other
smoking articles such as cigars, pipes, and the like,
which employ an electrical resistance heating element

5

and an electrical power source to produce a tobacco- |

flavored smoke or aerosol.

Preferred smoking articles of the invention are capa-
ble of providing the user with the sensations of smoking
(eg., smoking taste, feel, satisfaction, pleasure, and the
like), by heating but not burning tobacco, without pro-
ducing sidestream smoke or odor, and without produc-
ing carbon monoxide. As used herein, the term “smok-
ing article” includes cigarettes, cigars, pipes, and the
like, which use tobacco in various forms.

Many smoking articles have been proposed through
the years as improvements upon, or alternatives to,
smoking products which burn tobacco.

Many tobacco substitute smoking materials have been
proposed, and a substantial listing of such materials can
be found in U.S. Pat. No. 4,079,742 to Rainer et al.
Tobacco substitute smoking materials having the trade-
names Cytrel and NSM were introduced in Europe
during the 1970s as partial tobacco replacements, but
did not realize any long-term commercial success.

Numerous references have proposed smoking articles
which generate flavored vapor and/or visible aerosol.
Most of such articles have employed a combustible fuel
source to provide an aerosol and/or to heat an aerosol.
See, for example, the background art cited in U.S. Pat.
No. 4,714,082 to Banerjee et al.

However, despite decades of interest and effort, no
one had successfully developed a smoking article which
provided the sensations associated with cigarette or
pipe smoking, without delivering considerable quanti-
ties of incomplete combustion and pyrolysis products.

Recently, however, in European Patent Publication
Nos. 174,645 and 212,234, and U.S. Pat. Nos. 4,708,151,
4,714,082, and 4,756,318, assigned to R. J. Reynolds
Tobacco Co., there are described smoking articles
which are capable of providing the sensations associ-
ated with cigarette and pipe smoking, by heating but not
burning tobacco, and without delivering considerable
quantities of incomplete combustion “products. Such
articles rely on the combustion of a fuel element for heat
generation, resulting in the production of some combus-
tion products.

Over the years, there have been proposed numerous
smoking products, flavor generators and medicinal in-
halers which utilize electrical energy to vaporize or
heat a volatile material, or attempt to provide the sensa-
tions of cigarette or pipe smoking without burning to-
bacco.

U.S. Pat. No. 2,057,353 to Whittemore, Jr. proposed
a vaporizing unit. In particular, a wick reportedly car-
ried liquid medicament by capillary action to a point
where the liquid was vaporized by an electrical resis-
tance heating element.

U.S. Pat. No. 2,104,266 to McCormick proposed an
article having a pipe bowl or cigarette holder which
included a resistance coil (i) wound on an insulating and
heat resisting material, and (ii) contained in an insulated
chamber. Prior to use of the article, the pipe bowl was
filled with tobacco or the holder was fit with a ciga-
rette. Current then was passed through the resistance
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coil. Heat produced by the resistance coil was transmit-
ted to the tobacco in the bowl or holder, resulting in the
volatilization of various ingredients from the tobacco.
A thermostatic switch was employed to maintain a
predetermined temperature range to which the tobacco
was heated.

U.S. Pat. No. 3,200,819 to Gilbert proposed a smoke-
less, non-tobacco cigarette having a flavor cartridge,
such as a porous substrate impregnated with mentho-
lated water. The article included a battery for powering
a tube or bulb which was illuminated before assembly.
The bulb was placed in a tubular liner, which was in
turn located within a tube of plastic having the size,
color and form of a cigarette. In use, the illuminated
bulb reportedly heated the flavored air drawn through
passages formed between the bulb and the tubular liner.
As such, warm, moist, flavored air was delivered to the
user.

French Patent Publication No. 2,128,256 to Ribot et
al proposed an article for delivering denicotinized

. smoke. The proposed article included a sealed ampule

which contained pressurized denicotinized smoke. An
electric resistor was immersed in the smoke. In use, the
terminals of the resistor were pushed into contact with
a microbattery causing the resistor to generate heat and
heat the smoke within the ampule. Draw by the user
reportedly caused warm smoke to exit a valve near the
mouthend of the article.

Japanese Patent Publication 8231/73 to Takeda pro-
posed a cigar-shaped inhaler which included a battery
powered Nichrome wire to heat air that, in turn, evapo-
rated an essence from an essence container. The Ni-
chrome wire was energized by either a manually-
actuated or a draw actuated “on-off” switch.

West German Patent Application No. 2,653,133 to
Kovacs proposed a smoking simulator having an inter-
nal battery which could accelerate or control the vapor-
ization or emission of aromatic substances for delivery
to the user. In supplemental West German Patent Ap-
plication No. 2,704,218, Kovacs described the use of a
vacuum or draw-actuated switch to switch “on” the
battery operated heating coil.

A draw actuated, pressure transducer switch was
described in U.S. Pat. No. 4,246,913 to Ogden et al, as
part of a smoke aversion therapy article which deliv-
ered a small electrical shock to a smoker whenever the
smoker drew on a cigarette.

U.S. Pat. No. 4,141,369 to Burruss proposed an article
similar to the previously discussed McCormick articles.
Burruss proposed a container which was electrically
heated to a temperature sufficient to volatilize desired
components from smoking material inserted therein.
Heated air passing through the container during draw
reportedly carried volatilized materials to the mouth of
the user.

U.S. Pat. No. 4,303,083 to Burruss proposed a pipe
having an electrical resistance heating element, a manu-
ally operated “on-off”” power switch, and an opening
above the resistance element for the addition of volatile
compound. During use, the volatile compound was
applied, using a squeeze tube or eye dropper, to a heated
surface within the pipe, apparently on a puff-by-puff
basis. The volatile compounds reportedly were vapor-
ized, mixed with air drawn into the pipe, and inhaled by
the user.

PCT Publication No. WO 86/02528 to Nilsson et al
proposed an article similar to that described by McCor-

VPR Exhibit

2016

Page 130



4,947,874

3

mick. Nilsson et al proposed an article for releasing
volatiles from a tobacco material which had been
treated with an aqueous solution of sodium carbonate.
The article resembled a cigarette holder and reportedly
included a battery operated heating coil to heat an un-
tipped cigarette inserted therein. A switch was acti-
vated to supply current to the heating coil. A tempera-
ture sensor reportedly disconnected and reconnected
the battery in order to maintain the temperature gener-
ated by the device in a narrow temperature range. Air
drawn through the device reportedly was subjected to
elevated temperatures below the combustion tempera-
ture of tobacco and reportedly liberated tobacco flavors
from the treated tobacco contained therein.

U.S Patent No. 4,735,217 to Gerth et al proposed a
“cigarette-shaped” medicament dosing article having a
pellet of vaporizable medicament and a Nichrome resis-
tance heating element connected in series with a battery
power source and a draw actuated switch. In their only
working example, the Nichrome heating element alleg-
edly achieved a temperature in the range of 190° F. to
220° F. (90° C. to 105° C.) within a two second puff,
which apparently was sufficient to volatilize menthol
from a menthol pellet. At Column 8, lines 43-63, Gerth
et al. went on to speculate that their article could be
used to vaporize nicotine from a nicotine-containing
pellet and that they believed it feasible to coat the heat-
ing element with a nicotine-containing compound in
lieu of using a vaporizable peliet.

However, it is believed that it would not be possible
to coat a Nichrome heating element, of the type de-
scribed by Gerth et al, with enough vaporizable liquid
material to deliver sufficient volatile material to the
user, over the 6 to 10 puff life of a typical cigarette. It
also is believed that the article of Gerth et al would not
be able to provide enough electrical energy to (i) vapor-
ize volatile material until near the end of a typical two
second puff, or (ii) provide a high enough temperature
(e.g., 150° C. to 350° C.) to vaporize many volatile
materials within a two second puff, including many
desirable aerosol forming substances and most volatile
tobacco flavor components. In addition, even with only
a single AA battery, the article described by Gerth et al.
is more than 3 times the diameter and many times
heavier than a typical cigarette and is provided with a
relatively imprecise draw actuated control switch and
with no means of regulating the current or heat during
the puff.

Despite many years of interest and effort, none of the
foregoing articles employing electrical energy has ever
realized any significant commercial success, and it is
believed that none has ever been widely marketed.
Moreover, it is believed that none of the foregoing
electrical energy articles is capable of providing the
user with the sensations of cigarette or pipe smoking.

Thus, it would be desirable to provide a smoking
article which can provide the sensations of cigarette or
pipe smoking, which does not burn tobacco or other
material, and which does not produce combustion prod-
ucts.

SUMMARY OF THE INVENTION

The present invention relates to cigarettes and other
smoking articles which employ an electrical resistance
heating element and an electrical power source to pro-
vide a tobacco-flavored smoke or aerosol and other
sensations of smoking, without burning tobacco or
other substances, without producing any combustion or
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pyrolysis products including carbon monoxide or any
sidestreamn smoke or odor. Preferred articles can pro-
duce aerosol almost immediately upon commencement
of a puff, as well as provide the controlled production
of aerosol throughout the puff and over the 6 to 10 puff
life of a typical cigarette.

In one aspect of the invention, the smoking article
includes a cigarette or a disposable portion (eg., a car-
tridge) which utilizes an air permeable high surface area
electrical resistance heating element that normally
carries aerosol forming and/or tobacco flavor sub-
stances prior to use. This resistance heating element
typically is a porous material having a surface area
greater than |1 m2/g, as determined using the Brunaver,
Emmett and Teller (BET) method described in J. Am.
Chem. Soc., Vol. 60, p. 309 (1968); and Adsorption Sur-
face Area and Porosity, Gregg et al, Academic Press,
N.Y. (1967). Preferably, the heating element is a fibrous
carbon material, most preferably having a surface area
greater than about 1,000 m2g. (In contrast, the surface
area of the Nichrome metal resistance element of Gerth
et al is believed to be about 0.01 m2g.) Preferably, such
porous heating elements are impregnated with liquid
aerosol forming substances, such as glycerin, and with
tobacco extracts. Such heating elements are particularly
advantageous in that they are capable of holding and
efficiently releasing relatively large quantities of liquid
aerosol forming substances and tobacco flavor materi-
als. For example, such heating elements can carry
enough aerosol forming substances to provide aerosol
for 6 to 10 puffs, or more.

The cigarette or disposable portion includes tobacco,
such as a roll or charge of cut filler. Other forms of
tobacco also can be used.

Another aspect of the invention relates to a reusable
controller which can be used with the cigarettes or
disposable portions of the invention, as well as with
other resistance heating aerosol producing articles. This
reusable controlier normally includes a current actua-
tion means, a separate current regulating means to con-
trol the temperature of the heating element, and a bat-
tery power supply. Alternatively, the electrical power
supply can be provided separately from the current
actuation and current regulating means; e.g., as a sepa-
rate battery pack or as normal household current
stepped down by an appropriate transformer. The reus-
able controller can be in the form of a pipe, a reusable
cigarette holder, or a hand-held unit or other portable
form into which the disposable portion can be inserted.
The use of such a reusable article with the cigarette and
disposable portions of the invention is particularly ad-
vantageous in that it permits the use of (i) relatively
large power sources, capable of generating 10 to 40
watts of power or more, and (ii) accurate and sophisti-
cated current actuation and current regulating means
that normally would be too costly to incorporate into a
single use, disposable article.

Preferably, the current actuation means is puff actu-
ated, so that current flows through the resistance heat-
ing element to produce aerosol only during draw by the
user.

The current regulating means normally functions
only during periods of current actuation, and preferably
is time based. That is, the current regulating means
preferably is based on controiling the time period dur-
ing which current passes through the resistance element
during draw. This, in turn, controls the temperature
experienced by the resistance element and by the aero-
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sol forming substances. The current regulating means
normally includes an electrical control circuit which
maximizes initial heating of the heating element, until a
desired temperature range for volatilization of the aero-
sol former and the tobacco flavor substances is reached,
usually between about 150° C. and about 350° C. There-
after, the control circuit, by regulating, restricting or
interrupting current flow through the resistance ele-
ment, normally maintains the heating element within
the desired temperature range during the balance of the
puff and/or ensures that the heating element does not
overheat during puffing.

Preferably, the time-based current regulating means
includes a means for permitting uninterrupted current
flow through the heating element for an initial period
after current actuation, thus permitting rapid heating of
the resistance element. The current regulating means
preferably includes a timer means for subsequently reg-
ulating or interrupting current flow through the heating
element, such as by repeated off-on switching, to con-
" trol the average current flow through the heating ele-
ment during the balance of the puff. This, in turn, con-
trols the temperature range experienced by the heating
element. More preferably, the current regulating means
also includes a means to prevent the heating element
from overheating during rapid puffing.

Depending upon factors such as the wattage gener-
ated by the power source and the resistivity of the heat-
ing element, preferred current regulating means of the
invention are capable of producing almost immediate
aerosol generation upon puffing, preferably within
about 0.5 second, more preferably within about 0.1
second. Such preferred regulating means also ensure
that sufficient aerosol forming and tobacco flavor sub-
stances remain for later puffs, and that such substances
are not degraded by exposure to excessive tempera-
tures.

To use the smoking articles of the invention, the user
simply inserts the cigarette or disposable portion into
the controller, to electrically connect the heating ele-
ment to a circuit including the current actuation and
current regulating means and to the battery. When the
user draws on the mouthend of the article, the preferred
current actuation and current regulating means permit
unrestricted or uninterrupted flow current through the
resistance heating element to generate heat rapidly.
This heating volatilizes the aerosol forming and/or
tobacco flavor substances, which in turn form an aero-
sol and pass through the article and into the mouth of
the user. At the same time, the current regulating means
(i) regulates current flow through the heating element
to control heating of the resistance element and the
temperature experienced thereby, and (ii) prevents
overheating and degradation of the aerosol former.
When the user stops drawing on the article, the current
actuation means prevents further current flow through
the heating element and disables the current regulating
means. This process continues, puff after puff, until the
user decides to stop drawing on the article. At that
point, the cigarette or disposable portion can be re-
moved and discarded, and a new one inserted in its
place.

Another important aspect of the invention relates to
the various configurations of the cigarette or disposable
portions described herein. For example, in certain pre-
ferred embodiments, the disposable portion advanta-
geously is provided with an electrical connection means
at one end thereof. This electrical connection means
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includes means for connecting the resistance element to
the battery or other external power source, and prefera-
bly includes an air passageway used in conjunction with
the preferred puff actuated current actuation means. In
other preferred embodiments, the disposable portion is
adapted for connection to the external power source via
connectors located on the reusable controller. In certain
preferred embodiments, the resistance heating element
is located centrally in the disposable portion and/or
does not occupy a significant portion of the cross-sec-
tional area of the disposable portion. In other preferred
embodiments, the resistance heating element is located
adjacent an end of the disposable portion, and/or at
least substantially fills the cross-sectional area of the
disposable portion or the air passageway therethrough.

In another aspect of the invention, the current actua-
tion means, the current regulating means, and/or the
electrical power source may be incorporated into the
portion of the smoking article containing the electrical
resistance heating element, so that the reusable control-
ler may be reduced in size or even eliminated.

Yet another aspect of the invention relates to a cur-
rent control circuit for resistance heating aerosol pro-
ducing articles which includes the current regulating
means described herein.

Preferred smoking articles of the invention are capa-
ble of delivering an average of at least 0.5 mg, more
preferably at least 0.8 mg, of aerosol per puff, measured
as wet total particulate matter (WTPM), under standard
FTC smoking conditions of 2 second, 35 ml puffs, taken
once every 60 seconds. Preferred smoking articles of
the invention can deliver such aerosol, preferably in
visible form, for a plurality of puffs, preferably at least
about 6 puffs, more preferably at least about 10 puffs,
under such conditions.

Smoking articles of the invention also are capable of
providing an aerosol which is chemically simple. A
chemically simple aerosol consists essentially of air, the
aerosol former, tobacco volatiles, and desired flavor-
ants. This aerosol preferably has no significant muta-
genic activity according to the Ames test; Ames et al,
Mut. Res., 31:347-364 (1975); Nagao et al, Mut. Res.,
42:335 (1977).

As used herein, and only for the purposes of this
application, ‘“aerosol” is defined to include vapors,
gases, particles, and the like, both visible and invisible,
and especially those components perceived by the user
to be “smoke-like,” generated by action of heat from the
resistance heating element upon aerosol forming sub-
stances and/or tobacco flavor substances located on the
resistance element or elsewhere in the article.

The articles of the present invention are described in
greater detail in the accompanying drawings and in the
detailed description of the invention which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal, partial sectional view of a
smoking article of this invention;

FIG. 1A is a sectional view of a portion of the em-
bodiment shown in FIG. 1 taken along lines 1—1;

FIG. 2 is a longitudinal, partial sectional view of a
smoking article of this invention;

FIG. 3 is a perspective of a smoking article of this
invention including an exposed inner view of the reus-
able portion thereof;

FIGS. 4, 5, and 6 are longitudinal, partial sectional
views of preferred smoking articles of this invention
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showing the disposable portions and cut-away views of
the controllers;

FIGS. 7 and 8 are longitudinal sectional views of
additional smoking articles of the invention;

FIGS. 9 and 10 are representative schematic dia-
grams of time-based control circuits and related wiring
for preferred controllers of the invention; and

FIG. 11 depicts the temperature, average current and
average voltage profiles experienced by a resistance
heating element during heating controlled by the pre-
ferred current regulating means of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, smoking article 10 includes a
cigarette 12 and a reusable, hand-held controller 14.
The cigarette 12 includes electrical connection plug 16,
resistance heating element 18 carrying an aerosol form-
ing substance, a roll of tobacco 20, mouth end filter 22,
and a resilient overwrap 24. The preferred controller 14
includes a case 26, a puff actuated current actuation
mechanism 28 having the form of a pressure sensitive
switch, a time-based current control circuit 30, and a
chamber 32 into which battery power supply 34 (shown
as batteries 34A and 34B) is inserted.

The resistance heating element 18 employed in ciga-
rette 12 preferably is a fibrous material having a high
surface area and an adsorbant, porous, wettable charac-
ter, in order to carry a suitable amount of aerosol form-
ing substance for effective aerosol formation. Suitable
heating elements preferably have surface areas above
about 50 m2g, more preferably above about 250 m2g,
and most preferably above about 1,000 m2g.

Preferred heating elements normally have low mass,
low density, and moderate resistivity, and are thermally
stable at the temperatures experienced during use. Such
heating elements heat and cool rapidly, and thus pro-
vide for the efficient use of energy. Rapid heating of the
element also provides almost immediate volatilization
of the aerosol forming substance. Rapid cooling pre-
vents substantial volatilization (and hence waste) of the
aerosol forming substance during periods when aerosol
formation is not desired. Such heating elements also
permit relatively precise control of the temperature
range experienced by the aerosol forming substance,
especially when the preferred time based current con-
trol means of the invention is employed.

Preferred resistance heating elements include carbon
filament yarns available from American Kynol, Inc.,
New York, N.Y., as Catalog Nos. CFY-0204-1, CFY-
0204-2, and CFY-0204-3. Such yarns typically have
surface areas of about 1,500 m2g and resistivities of
about 10 to about 30 milliohm-cm. See, Kirk-Othmer:
Encycl. Chem. Tech., Vol. 16, 3rd Ed., pp. 135-136
(1981). Representative lengths of such yarns range from
about 15 mm to about 50 mm. Other preferred heating
elements include carbon felts and activated carbon felts
available from American Kynol, Inc., as Catalog Nos.
CN-157(HC), CN-210(HC), ACN-211-10, ACN-210-10,
and ACN-157-10. Such felts typically have surface
areas of about 1,500 m2g and resistivities of about 5 to
about 30 milliohm-cm. Such felts can be used in the
form of circular discs having diameters of about 4 to 8
mm, as described in greater detail hereinafter with ref-
erence to FIGS. 4-6. Other suitable heating elements
include porous metal wires or films; carbon yarns,
cloths, fibers, discs or strips; graphite cylinders, fabrics
or paints; microporous high temperature polymers hav-
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ing moderate resistivities; porous substrates in intimate
contact with resistance heating components; and the
like.

Preferably, the heating element 18 is impregnated
with or otherwise carries the aerosol forming substance
in order that the aerosol forming substance is in a heat
exchange relationship with the electrical heating ele-
ment. The aerosol forming substance can be, for exam-
ple, a polyhydric alcohol, such as glycerin, propylene
glycol, or a mixture thereof; water; a tobacco material
such as a tobacco aroma oil, a tobacco essence, a spray
dried tobacco extract, a freeze dried tobacco extract,
tobacco dust, or the like, in order to provide tobacco
flavor; or a combination thereof. Other suitable aerosol
forming substances are well known in the art. See, for
example, U.S. Pat. Nos. 4,714,092 and 4,756,318. While
the loading of the aerosol forming substance can vary
from substance to substance and from heating element
to heating element, the amount of liquid aerosol form-
ing substance used typically will be greater than about
15 mg and preferably ranges from about 25 mg to about
50 mg.

A heat resistant, electrically insulative strip, tube or
spacer 36, preferably is provided in order to maintain
the heating element in place and to prevent the heating
element from contacting itself. The insulative spacer 36
can be a heat resistant plastic material (such as a poly-
imide), a cellulosic sheet treated with fire retardant, an
aluminum foil having a surface coating of aluminum
oxide, an insulative ceramic material, or the like.

The electrical connection plug 16 preferably is manu-
factured from a resilient, electrically insulative material
such as a thermoplastic material. The plug 16 includes
two electrical connector pins or prongs 38, 39 con-
nected to the ends of heating element 18 via connectors
40, 41. The pins 38, 39 engage with electrical terminals

-42, 43 located in electrical connection receptacle 44 of

the controller 14. Plug 16 also includes a passageway 46
through which tube 48 from pressure sensing switch 28
extends. As shown in FIG. 1A, pins 38, 39 and passage-
way 46 are offset with respect to the longitudinal axis of
plug 16.

A portion of the length of the electrical connection
plug 16 preferably is circumscribed by a collar 49 hav-
ing the form of a thermoplastic tube, which preferably
is friction fit around a portion of the length of the plug.
The collar 49 in turn is secured to the remaining portion
of the cigarette via overwrap 24 using tipping paper 52
or other appropriate means such as adhesive, a friction
fit, or the like. Preferably, the collar 49 includes one or
more peripheral air inlet openings 54 which provide a
flow of ambient air through the cigarette during draw.
Alternatively, the air inlet can be positioned through
the extreme inlet end of the cigarette or elsewhere
through the periphery of the cigarette, such that drawn
ambient air passing through the cigarette to the mouth
of the user passes the resistance element.

The cigarette can include a plug spacer member 55
positioned between the heating element 18 and the roll
or charge of tobacco 20. The plug spacer member 55
conveniently permits passage of aerosol therethrough,
while preventing tobacco filler from contacting the
heating element. The plug spacer member can be a
cylindrical plug of pleated tobacco paper (eg., pleated
tobacco paper of the type commercially available from
Kimberly-Clark Corp. as P144-185-GAPF Reconsti-
tuted Tobacco Sheet). Preferably, the spacer member is
overwrapped with a paper overwrap 56.
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The tobacco charge 20 can be tobacco filler such as
strands or shreds of tobacco laminae, reconstituted to-
bacco, volume expanded tobacco, processed tobacco
stems, or blends thereof. Extruded tobacco materials
and other forms of tobacco, such as tobacco extracts,
tobacco dust, or the like, also can be employed. Prefera-
bly, the tobacco charge 20 is overwrapped with a paper
overwrap 57.

Tobacco extracts; tobacco flavor modifiers such as
levulinic acid; and other flavoring agents such as men-
thol, vanillin, chocolate, licorice, and the like; can be
carried by the heating element, placed between the
heating element and the spacer member, applied to the
spacer member, blended with the tobacco charge, or
applied to the mouthend filter.

The mouthend filter 22 preferably is a low efficiency
filter made from a melt blown thermoplastic such as
polypropylene. For example, the filter can be manufac-
tured by pleating a web of nonwoven polypropylene
available from Kimberly-Clark Corp. as experimental
melt blown, macrofiber polypropylene PP-100-F. Al-
ternatively, the mouthend filter 22 can be manufactured
from cellulose acetate tow, or the like. Preferably, the
filter material is overwrapped with a paper plug wrap
58.

To maximize aerosol and flavor delivery which oth-
erwise would be diluted by radial (i.e., outside) air infil-
tration through the overwrap 24, one or more layers of
non-porous cigarette paper can be used to envelop the
cigarette. Examples of suitable non-porous cigarette
papers are commercially available from Kimberly-
Clark Corp. as KC-63-5, P878-5, P878-16-2 and
780-63-5. If desired, the overwrap can be a resilient
paperboard material, foil-lined paperboard, or the like;
and the paperboard can be circumscribed by a cigarette
paper wrap.

The reusable controller 14 includes a case 26 or outer
housing which provides a convenient and aesthetic
holder for the user. The outer housing 26 can have a
variety of shapes and can be manufactured from plastic,
metal, or the like. Controller 14 includes an insulative
receptacle 44 which includes plug-in connectors 42, 43
for engagement with prongs 38, 39 of plug 16. Recepta-
cle 44 also includes tube 48 which is inserted into pas-
sageway 46 of plug 16 to be in airflow communication
with the internal region of the cigarette. The other end
of tube 48 is in airflow communication with pressure
sensing switch 28, so that changes in air pressure which
occur within the cigarette during draw can be sensed by
the switch.

Controller 14 also preferably includes a control cir-
cuit 30, which is connected to a puff actuated, differen-
tial pressure sensitive switch 28 by electrically conduc-
tive wires (not shown), as well as to batteries 34A and
34B via battery terminal 62. The control circuit 30 pref-
erably is time based. That is, the preferred current con-
trol circuit preferably is based on controlling the time
period during draw during which current passes
through the resistance element. This time based control,
in turn, controls the temperature experienced by the
resistance element and by the aerosol forming sub-
stances. Preferred pressure sensitive switches and con-
trol circuits, and their connection power source 34 and
resistance element 18, are described in greater detail
hereinafter with reference to FIGS. 9 and 10.

While the heat needed to volatilize the aerosol form-
ing substance during a puff varies for each particular
substance, sufficient heat usually is necessary, during a
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puff, to heat the aerosol forming substance to a tempera-
ture above about 120° C. in order to volatilize an appro-
priate amount of the aerosol forming substance. More
typically, a temperature above about 150° C., often
above about 200° C., and sometimes as high as about
300° C. to about 350° C., is necessary to volatilize ade-
quate amounts of the aerosol forming substance during
a puff. However, it is desirable to avoid heating the
aerosol forming substance to temperatures substantially
in excess of about 550° C. in order to avoid degradation
and/or excessive, premature volatilization of the aero-
sol forming substance.

For a particular resistance heating element and a
particular aerosol forming substance, a sufficient cur-
rent is required, during each puff, to generate the heat
necessary to volatilize enough aerosol forming sub-
stance to provide an adequate amount of delivered aero-
sol. For the preferred aerosol forming substances and
the preferred carbon heating elements described herein,
an 18 volt battery usually generates sufficient power
(i.e., about 18 watts) to heat the aerosol forming sub-
stance to a suitable temperature to volatilize the aerosol
forming material almost immediately after current actu-
ation, i.e., within about 0.5 second, preferably within
about 0.1 second. The 18 volt battery can be provided
using two fully charged 9 volt manganese dioxide-zinc
transistor batteries (as shown in FIG. 1) or three 6 volt
lead acid batteries. Also useful is a silver-zinc alkaline
battery using potassium hydroxide as an electrolyte and
having about 12 to about 15 single cells connected in
series, wherein the surface area of each positive elec-
trode is about 3.25 cm2. Other batteries can include
nickel-zinc or nickel-cadmium batteries.

In use, the user inserts the plug 16 of the cigarette 12
into the receptacle 44 of the controller 14. Such action
provides electrical connection of the resistance heating
element 18 with the switch 28, the control circuit 30 and
the batteries 34A and 34B. Such action also provides for
airflow communication between the switch 28 and the
inner portion of the cigarette. When the user puffs on
the mouthend of the cigarette, ambient air enters the
cigarette through air inlet 54. The pressure actuated
switch 28 responds to a sensed change in air pressure
within the cigarette during draw and permits current
flow through the heating element 18. As a result, the
heating element experiences an increase in temperature
which in turn heats and volatilizes the aerosol forming
substance. The volatilized aerosol forming substance
mixes with the drawn air and forms an aerosol. The
volatilized aerosol forming substance (in aerosol or
vapor form) passes through the tobacco roll 20 where it
elutes tobacco flavor from the tobacco, and exits the
mouthend filter 22 into the mouth of the user. During
the puff, the preferred current control circuit (described
in detail hereinafter) regulates the flow of current to
control the temperature experienced by the heating
element and the amount of aerosol forming substance
which is volatilized.

When the user stops drawing on the cigarette, the
pressure actuated switch 28 again responds to the
sensed change in air pressure within the cigarette, and
further current flow through the heating element
ceases. As a result, the temperature of the heating ele-
ment and the aerosol former quickly drop below the
volatilization temperature of the aerosol former, and
aerosol formation ceases. This process continues, puff
after puff, normally for at least about 6 puffs, until aero-
sol delivery drops below the level desired by the user.
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Then, the user can remove the cigarette 12 from the
control pack 14, and dispose of the cigarette. The user
then can select a new cigarette, insert the new cigarette
into the reusable controller, and repeat the smoking
process.

The embodiment illustrated in FIG. 2 is generally
similar to the embodiment of FIG. 1, except that the
heating element 18 is positioned within a heat resistant,
insulative tube 66. The insulative tube 66 preferably is
manufactured from a high temperature plastic such as a
polyimide, a ceramic, a heat resistant cellulosic, an ex-
truded tobacco material, an aluminum tube having a
surface coating of aluminum oxide, or the like. Prefera-
bly, a plasticized cellulose acetate tube 68 circumscribes
the insulative tube 66, and is itself circumscribed by
paper overwrap 24. This embodiment also includes
tipping overwrap 70 circumscribing the mouthend of
the cigarette in order to attach filter element 22 to the
remaining portion of the cigarette.

Referring to FIG. 3, the illustrated embodiment is
generally similar to the embodiment of FIG. 2, except
that the controller or power pack 14 includes a flexible,
cord-like connector 72 which terminates in a plug 74
having prongs 76, 77 for electrical connection into a
receptacle 79 at one end of cigarette 12. A needle-like
tube 48 extends from switch 28 and extends through
resilient overwrap 24 in order that changes in air pres-
sure within the cigarette during draw can be sensed by
the switch. If desired, the tube 48 can be incorporated
into the cord-like connector 72 and extend into the
cigarette through the receptacle 79. With such a design,
it is possible for the user to place the control pack in a
shirt pocket or on a table, and hold the cigarette in a
normal fashion, without holding the added weight of
the control pack in his/her hands. A light emitting
diode 81 is positioned near the differential switch 28.
The diode 81 is electrically connected to the electrical
circuitry (as described hereinafter) such that it emits
light during draw. As such, the user has a visual means
for identifying periods when current passes through the
resistance heating element 18.

Referring to FIG. 4, the illustrated embodiment is
generally similar to the embodiment of FIG. 2, except
that the heating element 18 is a circular disc or pad,
preferably formed from an American Kynol carbon felt.
The pad is permeable to airflow, and is disposed across
an air passageway 83 in tubular collar 49 so that drawn
air entering the cigarette 12 through opening 54 passes
through the heating element 18. Electrical connection
pins 85, 86 from plug 74 contact the heating element and
help hold it in place against collar 49. In this embodi-
ment, the collar 49 can be a thermoplastic material, a
thermally stable plastic material, a ceramic, or the like.

The embodiment illustrated in FIG. 5 is generally
similar to the embodiment of FIG. 1. In this embodi-
ment, the heating element 18 is a circular disc or pad of
carbon felt disposed across an air passageway 83 ex-
tending through tubular collar 49. The pad is held in
place by shoulder 84 on the collar 49. In addition, the
cigarette does not have an electrical connect plug. In-
stead, electrical connection pins 85, 86 for the heating
element extend from a plug 74 located on the controller
14. The cigarette 12 is held in place relative to the con-
troller 14 via a clip 89 extending from the controller, or
other suitable connection means.

The embodiment illustrated in FIG. 6 is generally
similar to the embodiment of FIG. 5, except that the
pressure sensing tube 48 also is used as one of the con-
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necting pins (e.g., in lieu of connection pin 86 of FIG.

Referring to FIG. 7, smoking article 10 has the form
of a pipe. The pipe includes a stem 90 having an air
passageway 91 and a bowl 92 into which a disposable
smoking cartridge 94 is inserted. The bowl and stem can
be manufactured from briarwood, or the like. The pipe
10 includes power source 34, such as one or more bat-
teries, pressure sensing switch 28, pressure sensing pas-
sageway 93, current control circuit 30, and electrical
pins 85, 86 extending from the bottom of the bowl.
Preferred pressure sensing current control circuits and
their connection to power source 34 and heating ele-
ment 18 are described in greater detail hereinafter with
reference to FIGS. 9 and 10.

The cartridge 94 includes an outer tubular housing 96
connected to a collar 98 which in turn supports resis-
tance element 18 and the aerosol forming and tobacco
flavor substances at one end of the cartridge. The resis-
tance element 18 can be a carbon fiber felt pad which
extends perpendicularly to the longitudinal axis of the
cartridge so that drawn air passes through the resistance
element. The disposable cartridge 94 is positioned
within the bowl 90, with the resistance heating element
18 positioned near the bottom of the bowl so that the
electrical connection pins 85, 86 extending from the
bowl contact the resistance element.

Referring to FIG. 8, the illustrated embodiment is
generally similar to the embodiment of FIG. 7. In this
embodiment, the resistance element 18 is positioned
towards the air inlet end of the cartridge (i.e., remote
from the bottom of the bowl) rather than near the air
outlet end of the cartridge. Also, a charge of tobacco 20
is positioned within the cartridge 94 between the resis-
tance element and the air outlet end of the cartridge. In
this case, the electrical connection pins 85, 86 extend
from the bottom of the bowl through the tobacco
charge 20 to contact the resistance element 18.

The foregoing embodiments preferably incorporate
the preferred circuit shown schematically in FIG. 9. In
particular, the circuit of FIG. 9 includes a power source
34, the electrical resistance heating element 18, a cur-
rent actuation mechanism 28, and a preferred current
regulating circuit or means for controlling the passage
of current through the resistance element during peri-
ods of current actuation.

The circuit includes a puff actuated control switch
28, or some other suitable current actuation/deactua-
tion mechanism, such as a manually actuated on-off
switch, a temperature actuated on-off switch, or a lip
pressure actuated switch. The preferred puff actuated
switch 28 enables current to pass through the heating
element 18 only during draw on the article. A typical
puff actuated switch includes a means for sensing the
difference in air pressure in a region within the previ-
ously described cigarette or disposable cartridge and an
“on-off” switch responsive thereto.

A preferred puff actuated switch 28 is a pressure
differential switch such as Model No. MPL-502-V,
range A, from Micro Pneumatic Logic, Inc., Ft. Lau-
derdale, Fla. Another suitable puff actuated mechanism
is a sensitive pressure transducer (eg., equipped with an
amplifier or gain stage) which is in turn coupled with a
comparator for detecting a predetermined threshold
pressure. Yet another suitable puff actuated mechanism
is a vane which is deflected by airflow, the motion of
which vane is detected by a movement sensing means.
Yet another suitable actuation mechanism is a piezoelec-
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tric switch. Also useful is a suitably connected Honey-
well Microswitch Microbridge Airflow Sensor, Part
No. AWM 2100V from Microswitch Division of
Honeywell, Inc., Freeport, Iil. Other suitable differen-
tial switches, analog pressure sensors, flow rate sensors,
or the like, will be apparent to the skilled artisan.

The current regulating circuit preferably is time
based. Normally, such a circuit includes a means for
permitting uninterrupted current flow through the heat-
ing element for an initial time period during draw, and
a timer means for subsequently regulating current flow
until draw is completed. Preferably, the subsequent
regulation involves the rapid on-off switching of cur-
rent flow (eg., on the order of about every 1 to 50 milli-
seconds) to maintain the heating element within the
desired temperature range. Alternatively, the subse-
quent regulation involves the modulation of current
flow through the heating element to maintain the heat-
ing element within a desired temperature range.

One preferred time-based current regulating circuit
preferably includes a transistor 110, a timer 112, a com-
parator 114, and a capacitor 116. Suitable transistors,
timers, comparators and capacitors are commercially
available and will be apparent to the skilled artisan.
Exemplary timers are those available from NEC Elec-
tronics as C-1555C and from General Electric Intersil,
Inc. as ICM7555, as well as various other sizes and
configurations of so-called *“555 Timers”. An exemplary
comparator is available from National Semiconductor
as LM311.

In the preferred circuit of FIG. 9, the means for de-
termining the length of the initial time period of uninter-
rupted current flow includes resistors 118, 120, 122 and
124; capacitor 116; and comparator 114. The compara-
tor 114 is powered by connection to entrance pin 128
and to ground pins 130, 132. Resistors 122 and 120 con-
stitute a voltage divider which provides a predeter-
mined reference or threshold voltage at the voltage
divider tap 134 (i.e., the common point between resis-
tors 122 and 120). The voltage divider tap 134 is con-
nected to the negative entrance pin 136 of comparator
114. Capacitor 116 is connected in parallel with resistor
124. The parallel combination of capacitor 116 and
resistor 124 is connected in series with resistor 118 at
one end and to the ground reference point of the power
source 34 at the other end. The other end of resistor 118
is connected to power source 34 via switch 28. The
common node point between the resistor 118 and the
parallel combination of capacitor 116 and resistor 124 is
connected to the positive entrance pin 138 of compara-
tor 114. :

Resistors 118 and 124 and the capacitance of capaci-
tor 116 are chosen so that the charge rate of capacitor
116 approximates the heating and cooling rate of the
resistance heating element 18. The ratio of the resis-
tance of resistor 124 to the sum of the resistances of
resistors 118 and 124 sets the maximum voltage to
which capacitor 116 can charge. Preferably, the resis-
tances of voltage divider resistors 120 and 122 provide
a voltage which is slightly below the maximum capaci-
tor voltage set by resistors 118 and 124.

The timer means for regulating (or interrupting) cur-

rent flow after the initial time period includes timer 112,

diodes 140, 141, resistors 143, 145, and capacitor 147.
This timer means generates a periodic digital wave
having a preset on-off duty cycle, which is used to
rapidly switch the current “on” and “off” at transistor
110 after the passage of the initial time period, to control
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the temperature range experienced by the resistance
heating element.

Timer 112 is powered by connection through en-
trance pin 149 and ground pin 151. The reset pin 153 of
timer 112 is connected to output pin 155 of comparator
114. As a result, the comparator 114 disables the timer
during the initial period of uninterrupted current flow.
A resistor 157 provides a so-called “pull-up” function
for the reset pin 153 of timer 112.

Timer 112 also is connected to diodes 140, 141 at
discharge pin 166. Diodes 140, 141 are in turn con-
nected to resistors 145 and 143, respectively. In addi-
tion, timer 112 is connected to resistors 143 and 145, and
capacitor 147 through trigger pin 168 and threshold pin
169. Capacitor 147 is provided to set the overall time
period of the duty cycle. Preferably capacitor 147 is one
which charges and discharges at a rapid rate in order
that a relatively rapid duty cycle (e.g., in the order of 1
to 50 milliseconds) is provided.

Resistor 145 determines the charge rate of capacitor
147, and thus the “off” period of the duty cycle, while
resistor 143 determines the discharge rate of the capaci-
tor and thus the “on” period of the duty cycle. Diode
140 acts to allow current flow from the timer 112
through resistor 145 and to capacitor 147 during periods
when the capacitor is charging, and prevents current
passage through resistor 145 when the capacitor is dis-
charging. Diode 141 acts to allow current flow from the
capacitor 147 through resistor 143 and to the timer
during periods when the capacitor is discharging, and
prevents current passage through resistor 143 when the
capacitor is charging. Thus, the relative on-off duty
cycle of the wave form can be varied by selection of the
resistances of resistors. 143 and 145.

The output pin 159 of timer 112 is connected to resis-
tor 161. The resistor 161 is in turn connected to the base
of transistor 110 in order to limit “on” current through
the base-emitter (BE) junction of the transistor. The
transistor 110 acts to control the relatively large current
which passes through the resistance element 18 from
the power source 34 by switching “on” and “off” in
response to current flow from the timer.

When draw commences, the puff actuated switch 28
closes to allow current flow through the circuit. The
normally “off” transistor switches “on” in response to
current flow through the timer 112. This allows current
to flow through the resistance heating element 18.

Simultaneously, capacitor 116 begins to charge.
When capacitor 116 is charged to the predetermined
threshold voltage determined by resistors 120 and 122,
which typically occurs in about 1 second, comparator
114 activates timer 112 through reset pin 153. This ter-
minates the uninterrupted current flow to the transistor
110 by switching the transistor “off.” At the same time,
the timing means begins generating the periodic digital
wave form having a preset on-off duty cycle at output
pin 159. Such action of the timing means in turn causes
the transistor to switch “on” and “off” rapidly, thus
rapidly enabling and disabling current flow through the
heating element 18. This rapid switching acts to control
the average current flow through the heating element,
thus controlling the temperature range experienced by
the heating element during the balance of a puff.

As described above, the capacitance of capacitor 147
determines the overall time period of the preset duty
cycle, while the relative “on” and “off” periods of the
duty cycle are determined by the relative resistances of
resistors 143 and 145. By varying these resistances, it is
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possible to closely control the temperature range expe-
rienced by the heating element 18, so as to provide a
relatively steady state temperature range, or a con-
trolled decrease or increase in the temperature range
during the latter portion of a puff.

When draw ceases, puff actuated switch 28 opens to
prevent further current flow through the circuit. As a
result, the transistor 110 switches to its normally “off”
position, thus preventing further current flow through
the heating element 18. As a result, the heating element
begins to cool, and volatilization of the aerosol forming
substance ceases. At the same time, capacitor 116 begins
to discharge, preferably at about the same rate at which
the heating element cools.

When a subsequent draw commences, the puff actu-
ated switch again closes, thus allowing current to flow
through the circuit. If the subsequent draw is taken
before the capacitor 116 has discharged completely
(i.e., before the heating element has cooled completely),
the capacitor 116 preferably recharges to the predeter-
mined threshold voltage at about the same rate at which
the heating element heats. This activates timer 112 and
terminates the period of uninterrupted current flow at
about the same time that the heating element 18 reaches
the preferred temperature range. As such, the heating
element is prevented from overheating during periods
of rapid puffing by the user.

Controllers and smoking articles of the invention also
can incorporate the alternate time-based circuit shown
schematically in FIG. 10. In particular, the circuit of
FIG. 10 includes a power source 34, the electrical resis-
tance heating element 18, a current actuation mecha-
nism 28, and a current regulating circuit or means for
controlling the passage of current through the resis-
tance element during current actuation.

The preferred current actuation mechanism 28 is a
puff actuated control switch of the type described pre-
viously.

The current regulating circuit shown in FIG. 10 is
time based. This circuit includes timer 112, resistors 161,
176, 178 and 180, capacitor 190, and transistor 110.

Exemplary timers have been described previously.
The timer 112 is powered by connection through en-
trance pin 149 and ground pin 151. The output pin 159
of the timer 112 is connected to the base of transistor
110 through resistor 161. The timer 112 is connected to
resistor 180 through threshold pin 169; to the node point
between resistors 180 and 178 through trigger pin 168;
and to the node point between resistors 178 and 176
through discharge pin 166. The node point between
resistors 180 and 178 is in turn connected to capacitor
190 which is connected to ground reference point of the
power source 34.

The sum of the resistances of resistors 178 and 176
determines the period of uninterrupted current flow
through resistance element 18, while the resistance of
resistor 176 determines the period during which current
flow is prevented from passing through the resistance
element. Resistor 180 limits the voltage discharge rate
of capacitor 190 so as to limit the initial heating time of
the resistance element during a subsequent puff taken a
short time after the preceeding puff.

If desired, light emitting diode 81 and resistor 192 can
be employed. The light emitting diode 81 is connected
in series with resistor 192. The series combination of
diode 81 and resistor 192 is connected in parallel with
the resistance element 18. The light emitting diode thus
illuminates during draw, and the user then can have a
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visual means for identifying periods when current
passes through the resistance element for heat genera-
tion. Such light emitting diodes also can be employed in
the preferred circuit illustrated in FIG. 9.

When draw commences, the puff actuated switch 28
closes to allow current flow through the circuit of FIG.
10. The normally “off” transistor switches “on” in re-
sponse to current flow through the timer 112, and in
turn allows current to flow through the resistance heat-
ing element 18.

Simultaneously, capacitor 190 begins to charge.
When capacitor 190 is charged to the predetermined
voltage determined by resistors 178 and 176, timer 112
acts to switch the transistor 110 and current flow
through heating element 18 “off.” However, after a
further period of time determined by resistor 176, the
timer 112 again is turned “on.” This process repeats
itself until draw ceases. As such, the temperature expe-
rienced by the resistance element can be controlled so
as to not overheat during a relatively long draw period.
For example, a duty cycle can consist of an “on” period
of uninterrupted current flow immediately upon draw
for about 1.5 to about 2 seconds, followed by an “off”
period of about 0.5 to about 1 second.

When draw ceases, puff actuated switch 28 opens to
prevent further current flow through the circuit. As a
result, the transistor 110 returns to its normally “off”
position, thus preventing further current flow through
the resistance element 18. The resistance element cools,
and volatilization of the aerosol forming substance
ceases. At the same time, capacitor 190 discharges.

Current regulating means which modulate current
flow through the heating element can be employed in
place of the previously described on-off time-based
circuits. In addition, on-off and current modulating
means can be connected to temperature sensors or other
sensing means, rather than to a time-based circuit, in
order to control the passage of current through the
resistance heating element. Such sensors can be temper-
ature sensors such as infrared sensors, piezoelectric
films or the like, or thermostats such as bimetallic strips.
Such temperature sensors can sense either the tempera-
ture of the heating element directly or the temperature
of the air passing the heating element. Alternatively, the
temperature sensors can sense the temperature of a
second or “model” resistance heating element having a
heating and cooling character related to that of the
aerosol carrying heating element. Another type of sen-
sor which can be employed is a dynamic resistance
sensor which senses the change in resistance of the
heating element during the heating period.

The following examples are provided in order to
further illustrate the invention but should not be con-
strued as limiting the scope thereof. Unless otherwise
noted, all parts and percentages are by weight, and all
sizes are approximate.

EXAMPLE 1

A smoking article substantially as shown in FIG. 2
was prepared as follows:

A. Preparation of the Disposable Portion

End plug 16 was formed from a Delrin plastic cylin-
der to have a 2 mm long section of 8 mm diameter and
a 3 mm long section of 7 mm diameter. The plug was
provided with a passageway 46 of sufficient size to
receive an 18 gauge needle 48 and two smaller passage-
ways to receive electrical connector pins 38, 39.
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The electric resistance heating element 18 was
formed from a 35 mm length of carbon filament yarn
obtained from American Kynol, Inc., under Catalogue
No. CFY-0204-1. This heating element had a resistance
of 20.6 ohms and a reported surface area of about 1,500
m2g. The heating element was impregnated, dropwise,
with 35 mg of a liquid aerosol forming substance com-
prising a mixture of 31 parts propylene glycol, 62 parts
glycerin and 7 parts of a tobacco extract.

Two 15 mm long crimp connectors 40, 41, including
pins 38, 39, were obtained from Black Box Corp., Pitts-
burgh, Pa. under Catalog No. GH-FA810. Crimp con-
nectors 40, 41 were attached to each end of the heating
element 18. Pin 38 of the first connector 40 was inserted
through one of the smaller passageways in the plug 16.
The heating element then was folded over a 20 mm
long, 5 mm wide strip of Kapton polyimide film 36, to
keep the heating element from contacting itself, and pin
39 of the second connector 41 was then inserted
through the second small passageway of the plug 16.

A 9 mm long Delrin tube 49 was fabricated from an 8
mm diameter cylinder. One section, 6 mm long, had a 7
mm inner diameter (I.D.), and a second section, 3 mm
long, had a 4 mm 1.D. A single air inlet hole 54 was
made about 4 mm from the 4 mm I.D. end of the tube
using a No. 64 drill bit. The 7 mm I.D. end of the tube
49 was then friction fit over the 7 mm end of plug 16.

A 39 mm long, 4 mm outer diameter Kapton poly-
imide tube 66 was slipped over the resistance element 18
and inserted about 4 mm into the 4 mm 1.D. end of the
Delrin tube 49. A 36 mm length of a 8 mm O.D. plasti-
cized cellulose acetate tube 68, SCS-1 from American
Filtrona Corp., was slipped over the polyimide tube.
This tube 68 was then overwrapped with a layer of
Kimberly-Clark P-850-192-2 paper 24.

A 10 mm long, low efficiency cellulose acetate filter
22 (8 denier per filament, 40,000 total denier) was fas-
tened to the open end of the wrapped tubes with a layer
of tipping paper 70. The overall length of the disposable
portion 12 was about 55 mm.

B. Assembly of the Controller

A polystyrene housing for the controller was formed
to provide chambers for a pressure sensitive switch, a
current control circuit, and a battery power supply.

The pressure sensitive switch was the switch portion
of a Model No. MPL-502-V, range A, differential
switch obtained from Micro Pneumatic Logic, Inc. A
20 mm long 18 gauge steel needle 48 was inserted into
the appropriate opening in the switch. A polymethyl-
methacrylate receptacle 44 having a length of 26 mm, a
height of 12 mm and a width of 9 mm was formed with
a hole for the gauge needle and fitted with two Black
Box Model No GH-FA820 plug-in connectors 42, 43.
The receptacle was slipped over the needle and inserted
into an appropriately sized opening in the case.

The control circuit employed is schematically illus-
trated in FIG. 9. It was designed to provide uninter-
rupted current flow through the heating element for 1
second after the commencement of a puff. During the
balance of the puff, the control circuit was designed to
alternately switch off for 5 milliseconds and then on for
5 milliseconds (a 50 percent duty cycle), until the pres-
sure actuated control switch opened. Comparator 114
was a Model LM 311 obtained from National Semicon-
ductor. As shown in FIG. 9, connections were made at
entrance pin 128, ground pins 130 and 132, negative
entrance pin 136, positive entrance pin 138, and output
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pin 155. Timer 112 was a Model C-1555C obtained from
NEC Electronics. Connections to timer 112 were made
at trigger pin 168, threshold pin 169, output pin 159,
discharge pin 166, entrance pin 149 and ground pin 151.
Transistor 110 was a Model MJE 2955 from Motorola
Semiconductor Products. Diodes 140 and 141 were
Type IN914 diodes from Fairchild Semiconductor
Corp. Capacitor 116 had a capacitance of 2.2 uF. Ca-
pacitor 147 had a capacitance of 0.1 uF. The resistances
of the resistors 118, 120, 122 and 124 were 1,000,000
ohm; 180,000 ohm; 1,000,000 phm; and 820,000 ohm,
respectively. The resistances of resistors 157, 143, 145
and 161 were 120,000 ohm; 39,000 ohm; 100,000 ohm;
and 1,000 ohm, respectively.

The control circuit was connected to the switch, the
receptacle for the plug on the disposable portion, and
the battery terminals, as schematically illustrated in
FIG. 9. The battery supply consisted of two 9 voit
alkaline transistor batteries connected in series.

C. Use

The end plug 16 was placed against receptacle 44 to
electrically connect the disposable portion to the con-
troller and insert the needle into the disposable portion.
The filter end of the disposable portion was then in-
serted into a standard smoking machine and was
smoked under FT'C conditions of 2 second, 35 ml puffs,
taken every 60 seconds. The smoking article produced
visible aerosol on all puffs for 10 consecutive puffs.
Four similar disposable portions also were smoked, and
the five samples yielded an average of 13 mg of wet
total particulate matter (WTPM), and no detectable
carbon monoxide.

EXAMPLE 2

Kynol Catalogue No. CFY-0204-2 carbon fiber yarn
having a length of about 32 mm had a resistance of 18
ohms was used to prepare a heat generating electrical
resistance element. The yarn had 18 ul of glycerin ap-
plied thereto. Each end of the yarn was electrically
connected to an 18 volt/1 ampere limited power source.
The arrangement was equipped with the control circuit
described in Example 1.

The assembly was actuated such that the resistance
element generated heat for a 2 second interval once
every 30 seconds. During each puff, the timing mecha-
nism began to control current flow 1 second after cur-
rent flow through the resistance element was com-
menced. The duty cycle provided by the timing mecha-
nism was 10 milliseconds. Maximum current was al-
lowed to flow through the resistance element over one
half the duty cycle, and no current was allowed to flow
through the resistance element over the other half of the
duty cycle. As such, the average current experienced
during the timer cycle period was about one half of the
maximum current.

Voltage and current levels were measured over time,
and the temperature of the resistance element was moni-
tored over time using a Wahl Model HSM-672 IR Spy
focused onto the resistance element. Values of the mea-
sured and monitored data were recorded, and are pres-
ented in FIG. 11.

As shown in FIG. 11, the maximum temperature
reached on the first puff was about 200° C., on the sec-
ond puff about 350° C., and thereafter about 500° C.
Moreover, on each puff, the heating element rapidly
achieved the maximum temperature and thereafter
maintained that temperature during the balance of the
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puff, after which the element cooled to ambient temper-
ature over about a 5 second period.

EXAMPLE 3

A smoking article substantially as shown in FIGS. 1
and 1A was prepared as follows:

A. Preparation of the Cigarette

End plug 16 was formed from a Delrin cylinder to
have a 2 mm long section of 8 mm diameter and a 3 mm
long section of 7 mm diameter. As shown in FIG. 1A,
the plug was provided with a passageway 46 of suffi-
cient size to receive an 18 gauge needle 48 and two
smaller passageways to receive electrical connector
pins 38, 39.

The electric resistance heating element 18 was
formed from a 46 mm length of carbon filament yarn
obtained from American Kynol, Inc., under Catalogue
No. CFY-0204-2. This heating element had a resistance
of 20 ohms and a reported surface area of about 1,500
m2g. The heating element was impregnated with 47 mg
glycerin. Two 15 mm long crimp connectors 40, 41
including pins 38, 39, were obtained from Black Box
Corp., Pittsburgh, Pa. under Catalog No. GH-FA810.
Crimp connector 40 was attached to one end of the
heating element and pin 38 was inserted through one of
the smaller passageways in the plug. The second end of
the heating element is passed through a Kapton poly-
imide tube having an outer diameter of 4 mm and a
length of 20 mm, to keep the heating element from
contacting itself. The second end of the heating element
was fit with a second crimp connector 41, and the sec-
ond pin 39 was then inserted through the second small
passageway.

A 9 mm long Delrin tube 49 was fabricated from an 8
mm diameter cylinder. One section, 6 mm long, had a 7
mm I.D., and a second section, 3 mm long, had a 4 mm
LD. A single air inlet hole 54 was made about 4 mm
from the 4 mm L.D. end of the tube using a No. 64 drill
bit. The 7 mm 1.D. end of the tube 49 was then friction
fit over the 7 mm end of plug 16.

A 10 mm long tobacco rod was formed from Burley
tobacco cut filler wrapped in paper, and was friction fit
into one end of a resilient paperboard tube 24 having an
outer diameter of 8 mm and a length of 75 mm. Immedi-
ately behind the tobacco rod 20 was positioned a 3 mm
length of a moderate efficiency cellulose acetate filter
22. The other end of the tube 24 was slipped over the
heating element and abutted against the 4 mm LD. end
of the tube 49, and adhesive tape 52 was used to hold the
tubes in place. The heating element 18 was positioned so
as to not contact the paperboard tube, and to extend 25
mm into the tube and 5 mm from the nearest end of the
tobacco charge (i.e., so as to be physically separate and
spaced apart from the tobacco charge).

C. Use

The end plug 16 was placed against receptacle 44 to
electrically connect the cigarette to the controller and
insert the needle into the cigarette. The filter end of the
cigarette was then inserted into a standard smoking
machine and was smoked under conditions of 2 second,
50 mi puffs, taken every 30 seconds. The cigarette pro-
duced visible aerosol on all puffs for 10 consecutive
puffs, yielded 12 mg of wet total particulate matter
(WTPM), and delivered no detectable carbon monox-
ide. The cigarette exhibited a draw resistance of 88 mm
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H;0 pressure drop as determined using a Model No.
FTS-300 pressure drop tester from Filtrona Corp.

A similar cigarette was prepared and smoked, and
yielded tobacco flavor and visible aerosol.

EXAMPLE 4

A smoking article substantially as shown in FIG. 3
was prepared as follows:

A. Preparation of the Disposable Portion

Ceramic receptacle 79 was formed from a 7 mm long,
4 mm diameter section of a ceramic cylinder having two
longitudinal, 1.5 mm diameter passageways.

The electric resistance heating element 18 was
formed from a length of carbon filament yarn obtained
from American Kynol, Inc., under Catalogue No. CFY-
0204-2 sufficient to provide a measured resistance of 18
ohms when incorporated into the disposable portion.
This element was impregnated with 38 mg of a liquid
aerosol forming substance comprising a mixture of
polyhydric alcohols and a tobacco extract. The poly-
hydric alcohol mixture consisted primarily of glycerin,
and included some propylene glycol and triethylene
glycol. The ends of the heating element were inserted
through the passageways of the receptacle 79 form a
loop, and the ends of the element were folded back over
the receptacle. A strip of polyimide film 36 was posi-
tioned within the loop to prevent the heating element
from contacting itself.

Over the resistance element loop and the receptacle
79 was friction fit a Kapton tube of 4 mm O.D. and a
length of 80 mm. The length of the polyimide tube then
was enveloped to a diameter of about 8 mm with insula-
tive glass fibers 68 obtained from Owens Corning, To-
ledo, Ohio, as Glass No. 6437. The glass fibers 68 were
enveloped by a non-porous cigarette paper wrap 24,
available as P-850-192-2 paper from Kimberly-Clark
Corp. The diameter of the resulting rod was § mm.

At the end of the rod remote from the ceramic recep-
tacle was positioned a low efficiency cellulose acetate
tow (8 denier per filament, 40,000 total denier) filter
element 22 having a length of about 10 mm and a diame-
ter of about 8§ mm. The rod and filter element were held
together using tipping paper.

About 1 mm behind the insulative receptacle 79 were
pierced several openings 54 through the paper wrap 24
and the polyimide tube 66 to provide air inlet openings
for aerosol formation. The perforations were of about
0.8 mm diameter, which was sufficient to provide the
disposable portion with a draw resistance of about 100
mm H>O pressure drop as determined using a Model
No. FTS-300 pressure drop tester from Filtrona Corp.

B. Assembly of the Controller

The controller included a pressure sensitive switch
28, a current control circuit 30, a battery power supply
34A, 34B and a flexible, electric cord 72 which termi-
nated in a cylindrical plug 74.

The cord 72 was a 50 mm length of insulated copper
wire. The plug 74 included a ceramic cylinder, having a
length of 10 mm and a diameter of 4 mm with two smalil
passageways extending longitudinally therethrough;
and a heat resistant bushing made from Zydar from
Dartco Mfg., Inc., Augusta, Ga. which fits over the
cylinder. The cylindrical plug had a diameter of about 8
mm. Copper pins 76, 77 connected to cord 72 were
inserted through the passageways in the ceramic cylin-
der to extend 10 mm beyond the face of the plug.
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The pressure sensitive switch 28 was a Model No.
MPL-502-V, range A, differential switch obtained from
Micro Pneumatic Logic, Inc. A 12 mm long, 18 gauge
steel needle was inserted into the appropriate opening in
the switch.

The control circuit employed is schematically illus-
trated in FIG. 10. It was designed to provide uninter-
rupted current flow through the heating element for 2
seconds after the commencement of a puff. During the
balance of the puff, the control circuit was designed to
alternately switch off for 1 second and then on for 2
seconds, until the pressure actuated control switch
opened. Timer 112 was a Model C-1555C obtained from
NEC Electronics. Connections to timer 112 were made
at trigger pin 168, threshold pin 169, output pin 159,
discharge pin 166, entrance pin 149 and ground pin 151.
Transistor 110 was a Model MJE 2955 from Motorola
Semiconductor Products. Capacitor 190 had a capaci-
tance of 22 uF. The resistances of the resistors 176, 178
and 180 were 20,000 ohm; 120,000 ohm; and 68,000
ohm, respectively. Resistors 161 and 192 each had resis-
tances of 1,000 ohm.

The control circuit was connected to the switch, the
cord 72, and the battery terminals, as schematically
illustrated in FIG. 10. The battery supply consisted of
two 9 volt alkaline transistor batteries connected in
series.

C. Use

The pins 76, 77 of plug 74 were inserted into recepta-
cle 79 to contact the heating element 18 and hence
electrically connect the disposable portion to the con-
troller by contacting each end of the resistance element
18. The needle 48 was pierced through the outer wrap
24 and the polyimide tube 66 of the disposable portion.
For testing purposes, the filter element 22 was removed
from the disposable portion. The smoking article was
smoked as described in Example 1. Visible aerosol was
provided on all puffs for 12 consecutive puffs and, dur-
ing each puff period, the indicator light illuminated.

EXAMPLE 5

Five additional disposable portions similar to the
disposable portions of Example 4 were prepared and
smoked under FTC smoking conditions with the con-
troller described in Example 4. The smoking articles
yielded visible aerosol on all puffs for 10 puffs, an aver-
age of 13 mg WTPM and no detectable carbon monox-
ide.

EXAMPLE 6

A smoking article substantially as shown in FIG. 4
was prepared as follows:

A. Preparation of the Disposable Portion

Electrically insulative plug 16 was formed from a
Delrin cylinder to have a 2 mm long section of 8 mm
diameter and a 3 mm long section of 7 mm diameter.
The plug was provided with a passageway 46 of suffi-
cient size to receive an 18 gauge needle and two smaller
passageways to receive electrical connector pins 38, 39.

The pins 38, 39 were gold plated copper pins which
- extended through the passageways in the plug, beyond
the 8 mm O.D. end of the plug, and 3 mm beyond the 7
mm O.D. end. The pins had a flattened bead of silver
solder applied at the ends which extended beyond the 7
mm O.D. end.
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An insulative collar 49 was formed from a Delrin
cylinder having a length of 9 mm and a diameter of 8
mm to a tubular form having a 3 mm segment of 4.5 mm
L.D. and a 6 mm segment of 6 mm L.D. A single air inlet
54 was made about 4 mm from the 6 mm L.D. end of the
collar.

The electric resistance heating element 18 was
formed from a 6 mm diameter circular disc of carbon
filament felt obtained from American Kynol as Kynol
Activated Carbon Felt ACN-211-10. The resistance
element weighed about 8 mg had a reported resistivity
of 20 to 30 ohms-cm. The felt had about 39.5 mg of a
liquid aerosol forming substance applied thereto in a
dropwise manner. The aerosol forming substance was 9
parts glycerin and 1 part of a viscous tobacco essence.
The essence was obtained by aqueously extracting Bur-
ley tobacco; spray drying the aqueous extract; extract-
ing the spray dried extract with ethanol; and concen-
trating the resulting tobacco components which were
extracted by the ethanol.

The resistance element 18 was inserted into the 6 mm
L.D. end of the collar 49 to abut against the 4.5 mm L.D.
portion of the collar.

The 6 mm L.D. end of the collar 48 then was fit over
the narrow end of plug 16 such that the flattened silver
solder ends of pins 38 and 39 each contacted the resis-
tance element 18.

A resilient paperboard tube having an 8 mm O.D. and
a length of 75 mm was abutted against the end of collar
49 opposite plug 16, and the two tubes were held in
place using adhesive tape 52.

B. Use

The plug 16 was placed against receptacle 88 of the
controller described in Example 1 to electrically con-
nect the disposable portion to the controller and insert
the needle 48 into the disposable portion. The smoking
article was smoked as described in Example 1. The
smoking article yielded visible aerosol on all puffs for 10
measured puffs, yielded 8.1 mg WTPM, and delivered
no detectable carbon monoxide.

A similar disposable portion prepared and smoked in
a similar fashion and vielded tobacco flavor and visible
aerosol on each puff.

What is claimed is:

1. A cigarette for use with a source of electrical
power comprising:

(a) an electrical resistance heating element having a

surface area greater than 1 m?/g;

(b) aerosol forming substance carried by the heating

element prior to use; and

(c) tobacco.

2. The cigarette of claim 1, wherein the heating ele-
ment has a surface area greater than 50 m2/g.

3. The cigarette of claim 1, wherein the heating ele-
ment has a surface area greater than 250 m?g.

4. The cigarette of claim 1, wherein the heating ele-
ment has a surface area greater than 1,000 m?g.

5. The cigarette of claim 1, 2, 3, or 4, wherein the
heating element comprises a porous material and the
aerosol forming substance comprises a liquid impreg-
nated within the heating element.

6. The cigarette of claim 1, 2, 3 or 4, wherein the
heating element is a fibrous material.

7. The cigarette of claim 1, 2, 3 or 4, wherein the
heating element comprises a fibrous material and the
aerosol forming substance comprises a liquid impreg-
nated within the fibrous material.
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8. The cigarette of claim 1, 2, 3 or 4, wherein the
heating element comprises carbon fibers.

9. The cigarette of claim 1, 2, 3 or 4, wherein the
heating element comprises carbon fibers and the aerosol
forming substance comprises a liquid impregnating the
carbon fibers.

10. The cigarette of claim 1, wherein the cigarette
includes an air passageway at least partially there-
through, and the heating element comprises an air per-
meable heating element positioned in the passageway.

11. The cigarette of claim 10, wherein the heating
element is positioned substantially perpendicularly to
the longitudinal axis of the air passageway.

12. The cigarette of claim 10, wherein the heating
element is disposed substantially across the passageway.

13. The cigarette of claim 10, wherein the heating
element comprises a pad positioned across the air pas-
sageway.

14. The cigarette of claim 10, 11, 12 or 13, wherein
the heating element has a surface area greater than 50
m2g.

15. The cigarette of claim 10, 11, 12 or 13, wherein
the heating element has a surface area greater than 1,000
m2g.

16. The cigarette of claim 7, 8 or 9, wherein the heat-
ing element comprises carbon fibers.

17. The cigarette of claim 1, 3, 10, 11, 12 or 13,
wherein the heating element is adapted for connection
to an external source of electrical power.

18. The cigarette of claim 17, wherein the heating
element is positioned adjacent one end of the cigarette.

19. The cigarette of claim 1, 10, 11, 12 or 13, including
means for connecting the heating element to an external
source of electrical power.

20. The cigarette of claim 19, wherein the means for
connecting the heating element to the external source of
electrical power includes an air passageway.

21. The cigarette of claim 19, including an air outlet
for delivering aerosol to the user, and wherein the air
outlet and the means for connecting the heating element
to the external source of electrical power are at opposite
ends of the cigarette.

22. The cigarette of claim 1, 3, 10 or 13, including an
air outlet for delivering aerosol to the user and a charge
of tobacco located between the heating element and the
air outlet.

23. The cigarette of claim 1, 2, 3, 4 or 10, wherein the
aerosol forming substance includes at least one poly-
hydric alcohol.

24. The cigarette of claim 1, 2, 3, 4 or 10, wherein the
aerosol forming substance includes a tobacco extract.

25. The cigarette of claim 1, 2, 3, 4 or 10, wherein the
aerosol forming substance includes a tobacco extract
and at least one polyhydric alcohol.

26. A disposable portion of a smoking article for use
with a source of electrical power comprising:

(a) an electrical resistance heating element having a

surface area greater than 1 m2g; and

(b) aerosol forming substance carried by the heating

element prior to use.

27. The disposable article of claim 26, wherein the
heating element has a surface area greater than 50 m2g.

28. The disposable article of claim 26, wherein the
heating element has a surface area greater than 50 m2g.

29. The disposable article of claim 26, wherein the
heating element has a surface area greater than 1,000
m2g.
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30. The disposable article of claim 26, 27, 28 or 29,
wherein the heating element comprises a porous mate-
rial and the aerosol forming substance comprises a lig-
uid impregnated within the heating element.

31. The disposable article of claim 26, 27, 28 or 29,
wherein the heating element is a fibrous material.

32. The disposable article of claim 26, 27, 28 or 29,
wherein the heating element comprises a fibrous mate-
rial and the aerosol forming substance comprises a lig-
uid impregnated within the fibrous material.

33. The disposable article of claim 26, 27, 28 or 29,
wherein the heating element comprises carbon fibers.

34. The disposable article of claim 26, 27, 28 or 29,
wherein the heating element comprises carbon fibers
and the aerosol forming substance comprises a liquid
impregnating the carbon fibers.

35. The disposable article of claim 26, wherein the
disposable article includes an air passageway at least
partially therethrough, and the electrical resistance
element comprises an air permeable heating element
positioned in the passageway.

36. The disposable article of claim 35, wherein the
heating element is positioned substantially perpendicu-
larly to the longitudinal axis of the air passageway.

37. The disposable article of claim 35, wherein the
heating element is disposed substantially across the

_passageway.

38. The disposable article of claim 35, wherein the
heating element comprises a pad positioned across the
air passageway.

39. The disposable article of claim 35, 36, 37 or 38,
wherein the heating element has a surface area greater
than 50 m2g.

40. The disposable article of claim 35, 36, 37 or 38,
wherein the heating element has a surface area greater
than 1,000 m2g.

41. The disposable article of claim 35, 36, 37 or 38,
wherein the heating element comprises carbon fibers.

42. The disposable article of claim 26, 35, 36, 37 or 38,
wherein the heating element is positioned adjacent one
end of the article.

43. The disposable article of claim 42, wherein the
heating element is adapted for connection to an external
source of electrical power.

44. The disposable article of claim 26, 35, 36, 37 or 38,
including means for connecting the heating element to
an external source of electrical power.

45. The disposable article of claim 44, wherein the
means for connecting the heating element to the exter-
nal source of electrical power includes an air passage-
way.

46. The disposable article of claim 44, including an air
outlet for delivering aerosol to the user, and wherein
the air outlet and the means for connecting the heating
element to the external source of electrical power are at
opposite ends of the disposable article.

47. The disposable article of claim 44, including an air
outlet for delivering aerosol to the user and wherein the
air outlet and the means for connecting the heating
element to the external source of electrical power are at
the same end of the disposable article.

48. The disposable article of claim 26, 27, 35 or 37,
including an air outlet for delivering aerosol to the user
and a charge of tobacco located between the heating
element and the air outlet.

49. The disposable article of claim 26, 27, 28, 29 or 35,
wherein the aerosol forming substance includes a to-
bacco extract.

VPR Exhibit

2016
Page 141



4,947,874

25

50. The disposable article of claim 26, 27, 28, 29 or 35,
wherein the aerosol forming substance includes a to-
bacco extract and at least one polyhydric alcohol.

§1. The disposable article of claim 35, 36, 37 or 38,

“wherein the aerosol forming substance is a liquid im-
pregnated within the electrical resistance element.

52. The disposable article of claim 26, 35 or 38, in the
form of a cartridge.

§3. A disposable portion of a smoking article for use
with a source of electrical power comprising:

(a) an air passageway at least partially through the

disposable portion;

(b) an air permeable electrical heating element lo-

cated in the air passageway; and

(c) an aerosol forming substance.

54. The disposable article of claim 53, wherein the
heating element is positioned substantially perpendicu-
larly to the longitudinal axis of the air passageway.

5§5. The disposable article of claim 53, wherein the
heating element substantially fills the cross sectional
area of the air passageway.

§6. The disposable article of claim 53, wherein the
heating element comprises a pad positioned across the
air passageway.

57. The disposable article of claim 53, 54, 55 or 56,
wherein the aerosol forming substance is carried by the
heating element prior to use. ‘

58. The disposable article of claim 53, 54, 55 or 56,
wherein the heating element comprises a fibrous mass.

§9. The disposable article of claim 58, wherein the
aerosol forming substance is a liquid carried by the
fibrous mass.

60. The disposable article of claim 53, 54, 55 or 56,
wherein the heating element comprises carbon fibers.

61. The disposable article of claim 60, wherein the
aerosol forming substance is a liquid carried by the
carbon fibers.

62. The disposable article of claim 53, 54, 55 or 56,
wherein the heating element is adjacent one end of the
article.

63. The disposable article of claim 62, wherein the
heating element is adapted for connection to an external
source of electrical power.

64. The disposable article of claim 62, including an air
outlet for delivering aerosol to the user and wherein the
heating element is adjacent the end remote from the air
outlet.

65. The disposable article of claim 53, 54, 55 or 56,
including an air outlet for delivering aerosol to the user
and wherein the heating element is adjacent the air
outlet.

66. The disposable article of claim 53, 54, 55 or 56,
including a charge of tobacco.

67. The disposable article of claim 66, including an air
outlet for delivering aerosol to the user and wherein the
charge of tobacco is located between the heating ele-
ment and the air outlet.

68. The disposable article of claim 53, 54, 55 or 56,
wherein the aerosol forming substance comprises a
tobacco extract.

69. The disposable article of claim 26, 35, 53 or 56,
wherein the article includes sufficient aerosol forming
substance to deliver at least 0.5 mg of wet total particu-
late matter on each puff, for at least 6 puffs, when the
article is smoked under standard FTC smoking condi-
tions of 2 second, 35 ml puffs, taken every 60 seconds.

70. The disposable article of claim 26, 35, 53 or 56,
wherein the article includes sufficient aerosol forming
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substance to deliver at least 0.8 mg of wet total particu-
late matter on each puff, for at least 6 puffs, when the
article is smoked under standard FTC smoking condi-
tions of 2 second, 35 ml puffs, taken every 60 seconds.

71. The disposable article of claim 26, 35, 53 or 56,
wherein the aerosol forming substance comprises a
liquid, and wherein the article includes sufficient aero-
sol forming substance to deliver at least 0.5 mg of wet
total particulate matter on each puff, for at least 6 puffs,
when the article is smoked under standard FTC smok-
ing conditions of 2 second, 35 ml puffs, taken every 60
seconds.

72. The cigarette of claim 1 or 10, wherein the ciga-
rette includes sufficient aerosol forming substance to
deliver at least 0.5 mg of wet total particulate matter on
each puff, for at least 6 puffs, when the cigarette is
smoked under standard FTC smoking conditions of 2
second, 35 ml puffs, taken every 60 seconds.

73. The cigarette of claim 1 or 10, wherein the ciga-
rette includes sufficient aerosol forming substance to
deliver at least 0.8 mg of wet total particulate matter on
each puff, for at least 6 puffs, when the cigarette is
smoked under standard FTC smoking conditions of 2
second, 35 ml puffs, taken every 60 seconds.

74. The cigarette of claim 1 or 10, wherein the aerosol
forming substance comprises a liquid, and wherein the
cigarette includes sufficient aerosol forming substance
to deliver at least 0.5 mg of wet total particulate matter
on each puff, for at least 6 puffs, when the cigarette is
smoked under standard FTC smoking conditions of 2
second, 35 ml puffs, taken every 60 seconds.

75. A smoking article for use with a source of electri-
cal power comprising:

(a) an electrical resistance heating element having a

surface area greater than 1 m2g;

(b) aerosol forming substance carried by the heating

element prior to use; and

(c) puff actuated control means for permitting current

flow through the heating element during draw by
the user.

76. The smoking article of claim 75, further including
means for regulating current flow through the heating
element during draw.

77. The smoking article of claim 75 or 76, further
comprising a source of electrical power.

78. The smoking article of claim 75 or 76, wherein the
heating element comprises a porous material and the
aerosol forming substance comprises a liquid impreg-
nated within the heating element.

~79. The smoking article of claim 75 or 76, wherein the
heating element is a fibrous material.

80. The smoking article of claim 75 or 76, wherein the
heating element comprises a fibrous material and the
aerosol forming substance comprises a liquid impreg-
nated within the heating element.

81. The smoking article of claim 75 or 76, wherein the
heating element comprises carbon fibers.

82. The smoking article of claim 75 or 76, wherein the
heating element comprises carbon fibers and the aerosol
forming substance comprises a liquid impregnating the
carbon fibers.

83. The smoking article of claim 75 or 76, wherein the
heating element has a surface area greater than 50 m2g.

84. The smoking article of claim 75 or 76, wherein the
heating element has a surface area greater than 1,000
mlg,
85. The smoking article of claim 75 or 76, including
an air outlet for delivering aerosol to the user and a
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charge of tobacco located between the heating element
and the air outlet.

86. The smoking article of claim 75 or 76, wherein the
aerosol forming substance includes a tobacco extract.

87. The smoking article of claim 75 or 76, wherein the
aerosol forming substance includes a tobacco extract
and at least one polyhydric alcohol.

88. The smoking article of claim 75 or 76, wherein the
heating element carries sufficient aerosol forming sub-
stance to deliver at least 0.5 mg of wet total particulate
matter on each puff, for at least 6 puffs, when smoked
under standard FTC smoking conditions of 2 second, 35
ml puffs, taken every 60 seconds. .

89. The smoking article of claim 76, wherein the
means for regulating current flow during draw com
prises a timer. '

90. The smoking article of claim 89, wherein the
means for regulating current flow during draw further
comprises a timer responsive switching means for en-
abling and disabling current flow to the resistance ele-
ment during draw.

91. The smoking article of claim 76, 89 or 90, wherein
the means for regulating current flow during draw in-
cludes capacitor and means for charging and discharg-
ing the capacitor at a rate which approximates a rate at
which the resistance element heats and cools.

92. The smoking article of claim 76, wherein the
means for regulating current flow during draw com-
prises (i) means for permitting uninterrupted current
flow through the resistance element for an initial time
period during draw, and (ii) means for subsequently
regulating current flow until draw is completed.

93. The smoking article of claim 92, wherein the
means for subsequently regulating current flow com-
prises means for switching the current flow alternately
off and on.

94. The smoking article of claim 93, wherein the
means for switching the current flow off and on in-
cludes means for generating a preset switching cycle.

95. The smoking article of claim 94, wherein the
means for generating the preset switching cycle in-
cludes a timer.

96. The smoking article of claim 95, wherein the
timer generates a periodic digital wave form.

97. The smoking article of claim 76, wherein the
means for regulating current flow comprises (i) timer
means, activated by the puff control means, for generat-
ing a pulse train having a predetermined duty cycle, and
(i) timer responsive switching means for enabling and
disabling current flow to the heating element in re-
sponse to the puise train from the timer means.

98. The smoking article of claim 76, wherein the
means for regulating current flow during draw includes
means for controlling the average current flow through
the heating element during a portion of the draw.

99. The smoking article of claim 76, wherein the
means for regulating current flow during draw includes
(i) means for enabling uninterrupted passage of current
through the heating element for a predetermined initial
time period, and (ii) means for controlling the average
current which passes through the heating element upon
passage of the predetermined initial time.

100. The smoking article of claim 99, wherein the
average current control means comprises (i) timer
means for generating a pulse train having a predeter-
mined duty cycle, and (ii) timer responsive switching
means for enabling and disabling the current through
the electrical heating element in response to the pulse
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train from the timer means, and wherein the enabling
means for the initial time period comprises means for
disabling the timer means during the initial time period
and enabling the timer means upon passage of the initial
time period.

101. The smoking article of claim 100, wherein the
enabling means for the initial time period further com-
prises (i) comparator means for comparing a first volt-
age at a first input to a threshold voltage at a threshold
input and generating an output signal when the first
voltage is equal to the threshold voltage, the output
signal enabling the timer means; (ii) means for generat-
ing the threshold voltage at the threshold input; and (iii)
means for generating the threshold voltage at the first
input upon passage of the initial time period.

102. The smoking article of claim 76, further compris-
ing means for limiting the temperature of the heating
element when a puff occurs before the heating element
has cooled after a prior puff.

103. The smoking article of claim 76, wherein the puff
actuated control means comprises means for sensing
changes in air pressure within the article.

104. A smoking article for use with a source of elec-
trical power comprising: ‘

(a) an electrical resistance heating element;

(b) aerosol forming substance;

(c) switch means for actuating and deactuating cur-

rent flow through the heating element; and

(d) time based means for (i) permitting unrestricted

current flow through the heating element for an
initial predetermined time period upon current
actuation, and (ii) for subsequently regulating cur-
rent flow until current deactuation.

105. The smoking article of claim 104, wherein the
aerosol forming substance is carried by the heating
element prior to use.

106. The smoking article of claim 105, wherein the
heating element has a surface area greater than 1 m2g.

107. The smoking article of claim 104, 105 or 106,
further comprising a source of electrical power.

108. The smoking article of claim 104, 105 or 106,
wherein the heating element comprises a porous mate-
rial and the aerosol forming substance comprises a lig-
uid impregnated within the heating element.

109. The smoking article of claim 104, 105 or 106,
wherein the heating element is a fibrous material.

110. The smoking article of claim 104, 105 or 106,
wherein the heating element comprises a fibrous mate-
rial and the aerosol forming substance comprises a lig-
uid impregnated within the heating element.

111. The smoking article of claim 104, 105 or 106,
wherein the heating element comprises carbon fibers.

112. The smoking article of claim 104, 105 or 106,
wherein the heating element comprises carbon fibers
and the aerosol forming substance comprises a liquid
impregnating the carbon fibers.

113. The smoking article of claim 104, 105 or 106,
wherein the heating element has a surface area greater
than 50 m%/g.

114. The smoking article of claim 104, 105 or 106,
wherein the heating element has a surface area greater
than 1,000 m2g.

115. The smoking article of claim 104, 105 or 106,
including an air outlet for delivering aerosol to the user
and a charge of tobacco located between the heating
element and the air outlet.
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116. The smoking article of claim 104, 105 or 106,
wherein the aerosol forming substance includes a to-
bacco extract.

117. The smoking article of claim 104, 105 or 106,
wherein the aerosol forming substance includes a to-
bacco extract and at least one polyhydric alcohol.

118. The smoking article of claim 104, 105 or 106,
wherein the heating element carries sufficient aerosol
forming substance to deliver at least 0.5 mg of wet total
particulate matter on each puff, for at least 6 puffs,
when smoked under standard FTC smoking conditions
of 2 second, 35 ml puffs, taken every 60 seconds.

119. The smoking article of claim 104, 105 or 106,
wherein the means for subsequently regulating current
flow until current deactivation includes means for con-
trolling the average current flow through the heating
element.

120. The smoking article of claim 104, 105 or 106,
wherein the means for permitting current flow for the
initial time period and for subsequently regulating cur-
rent flow until current deactivation includes means for
controlling the temperature range to which the heating
element is heated during draw.

121. The smoking article of claim 104, 105 or 106,
wherein the means for subsequently regulating current
flow until current deactivation comprises a timer.

122. The smoking article of claim 104, 105 or 106,
wherein the means for subsequently regulating current
flow until current deactivation further comprises a
timer responsive switching means for enabling and dis-
abling current flow to the heating element.

123. The smoking article of claim 104, 105 or 106,
wherein the means for permitting current flow for the
initial time period comprises a comparator means.

124. The smoking article of claim 104, 105 or 106,
wherein the means for permitting current flow for the
initial time period includes a capacitor and means for
charging and discharging the capacitor at a rate which
approximates a rater at which the heating element heats
and cools.

125. The smoking article of claim 104, 105 and 106,
wherein the means for subsequently regulating current
flow comprises means for switching the current flow
alternately off and on.

126. The smoking article of claim 104, wherein the
means for subsequently regulating current flow com-
prises a timer means for generating a periodic digital
wave form having a preset duty cycle.

127. The smoking article of claim 104, wherein the
means for subsequently regulating current flow until
current deactivation comprises (i) timer means for gen-
erating a pulse train having a predetermined duty cycle,
and (ii) time responsive switching means for enabling
and disabling the current through the electrical heating
element in response to the pulse train from the timer
means, and wherein the means for permitting current
flow for the initial time period comprises means for
disabling the timer means during the initial time period
and enabling the timer means upon passage of the initial
time period.

128. The smoking article of claim 127, wherein the
means for permitting current flow for the initial time
period further comprises (i) comparator means for com-
paring a first voltage at a first input to a threshold volt-
age at a threshold input and generating an output signal
when the first voltage is equal to the threshold voltage,
the output signal enabling the timer means; (ii) means
for generating the threshold voltage at the threshold
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input; and (iii) means for generating the threshold volt-
age at the first input upon passage of the initial time
period.

129. The smoking delivery article of claim 127 or 128,
wherein the means for permitting current flow for the
initial time period includes a capacitor and means for
charging and discharging the capacitor at a rate which
approximates the rate at which the heating element
heats and cools.

130. The smoking article of claim 104, wherein the
means for permitting current flow for the initial time
period and for subsequently regulating current flow
comprises (i) timer means, activated by the current
actuation and deactuation means, for generating a pulse
train having a predetermined duty cycle, and (ii) timer
responsive switching means for enabling and disabling
current flow to the heating element in response to the
pulse train from the timer means.

131. A smoking delivery article for use with a source
of electrical power comprising:

((a) an air passageway at least partially through the

article; .

((®) an air permeable electrical resistance heating
element located in the air passageway;

((c) an aerosol forming substance;

(d) puff actuated control means for permitting cur-
rent flow through the heating element during draw
by the user; and

(e) a mouth end.

132. The smoking article of claim 131, wherein the
aerosol forming substance is carried by the heating
element.

133. The smoking article of claim 131, further com-
prising means for regulating current flow through the
heating element during draw.

134. The smoking article of claim 133, wherein the
aerosol forming substance is carried by the heating
element.

135. The smoking article of claim 131, 132, 133 or
134, wherein the heating element is positioned substan-
tially perpendicularly to the longitudinal axis of the air
passageway.

136. The smoking article of claim 131, 132, 133 or
134, wherein the heating element substantially fills the
cross sectional area of the air passageway.

137. The smoking article of claim 131, 132, 133 or
134, wherein the heating element comprises a pad posi-
tioned across the air passageway.

138. The smoking article of claim 131, 132, 133 or
134, wherein the aerosol forming substance is carried by
the heating element prior to use.

139. The smoking article of claim 132 or 134, wherein
the heating element comprises a fibrous mass.

140. The smoking article of claim 132 or 134, wherein
the heating element comprises a fibrous mass and the
aerosol forming substance is a liquid carried by the
fibrous mass.

141. The smoking article of claim 132 or 134, wherein
the heating element comprises carbon fibers.

142. The smoking article of claim 132 or 134, wherein
the heating element comprises carbon fibers and the
aerosol forming substance is a liquid carried by the
carbon fibers.

143. The smoking article of claim 131, 132, 133 or
134, wherein the heating element is adjacent one end of
the article.
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144. The smoking article of claim 133, wherein the
means for regulating current flow during draw com-
prises a timer.
145. The smoking article of claim 134, wherein the

means for regulating current flow during draw com-
prises a timer.

146. The smoking article of claim 144, wherein the
means for regulating current flow during draw further
comprises a timer responsive switching means for en-
abling and disabling current flow to the heating element
during draw.

147. The smoking article of claim 145, wherein the
means for regulating current flow during draw further
comprises a timer responsive switching means for en-
abling and disabling current flow to the heating element
during draw.

148. The smoking article of claim 133, 134, 144 or
145, wherein the means for regulating current flow
during draw includes a capacitor and means for charg-
ing and discharging the capacitor at a rate which ap-
proximates a rate at which the heating element heats
and cools.

149. The smoking article of claim 133, wherein the
means for regulating current flow during draw com-
prises (i) means for permitting uninterrupted current
flow through the heating element for an initial time
period during draw, and (ii) means for subsequently
regulating current flow until draw is completed.

150. The smoking article of claim 149, wherein the
means for subsequently regulating current flow com-
prises means for switching the current flow alternately
off and on.

151. The smoking article of claim 150, wherein the
means for switching the current flow off and on in-
cludes means for generating a preset switching cycle.

152. The smoking article of claim 151, wherein the
means for generating the preset switching cycle in-
cludes a timer.

153. The smoking article of claim 152, wherein the
timer generates a periodic digital wave form.

154. The smoking article of claim 133, wherein the
means for regulating current flow comprises (i) timer
means, activated by the puff control means, for generat-
ing a pulse train having a predetermined duty cycle, and
(i) timer responsive switching means for enabling and
disabling current flow to the heating element in re-
sponse to the pulse train from the timer means.

155. The smoking article of claim 133, wherein the
means for regulating current flow during draw includes
means for controlling the average current flow through
the heating element during a portion of the draw.

156. The smoking article of claim 133, wherein the
means for regulating current flow during draw includes
(i) means for enabling unrestricted passage of current
through the resistance element for a predetermined
initial time period, and (ii) means for controlling the
average current which passes through the resistance
element upon passage of the predetermined initial time.

157. The smoking article of claim 156, wherein the
average current control means comprises (i) timer
means for generating a pulse train having a predeter-
mined duty cycle, and (ii) timer responsive switching
means for enabling and disabling the current through
the electrical resistance element in response to the pulse
train from the timer means, and wherein the enabling
means for the initial time period comprises means for
disabling the timer means during the initial time period
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and enabling the timer means upon passage of the initial
time period.

158. The smoking article of claim 157, wherein the
enabling means for the initial time period further com-
prises (i) comparator means for comparing a first volt-
age at a first input to a threshold voltage at a threshold
input and generating an output signal when the first
voltage is equal to the threshold voltage, the output
signal enabling the timer means; (ii) means for generat-
ing the threshold voltage at the threshold input; and (iii)
means for generating the threshold voltage at the first
input upon passage of the initial time period.

159. The smoking article of claim 132, further com-
prising means for limiting the temperature of the heat-
ing element when a puff occurs before the heating ele-
ment has cooled after a prior puff.

160. The smoking article of claim 132, wherein the
puff actuated control means comprises means for sens-
ing changes in air pressure within the article.

161. A controller for use with a disposable article
having an aerosol forming substance and an electrical
heating element, the controller comprising:

(a) means for electrically connecting the controller to

the electrical heating element;

(b) means for electrically connecting the controller to
an electrical power source;

(c) puff actuated control means for permitting current
flow through the heating element during draw by
the user; and

(d) means for regulating current flow through the
heating element during draw.

162. The controller of claim 161, wherein the means
for regulating current flow during draw comprises a
timer.

163. The controller of claim 162, wherein the means
for regulating current flow during draw further com-
prises a timer responsive switching means for enabling
and disabling current flow to the heating element dur-
ing draw.

164. The controller of claim 161, 162 or 163, wherein
the means for regulating current flow during draw in-
cludes a capacitor and means for charging and discharg-
ing the capacitor at approximately the rate at which the
heating element heats and cools.

165. The controller of claim 161, wherein the means
for regulating current flow during draw comprises (i)
means for permitting uninterrupted current flow
through the heating element for an initial time period
during draw, and (ii) means for subsequently regulating
current flow until draw is completed.

166. The controller of claim 165, wherein the means
for subsequently regulating current flow comprises
means for switching the current flow alternately off and
on.

167. The controller of claim 165, wherein the means
for switching the current flow off and on includes
means for generating a preset switching cycle.

168. The controller of claim 167, wherein the means
for generating the preset switching cycle includes a
timer.

169. The controller of claim 168, wherein the timer
generates a periodic digital wave form.

170. The controller of claim 161 or 165, wherein the
means for regulating current flow comprises (i) timer
means, activated by the puff control means, for generat-
ing a pulse train having a predetermined duty cycle, and
(ii) timer responsive switching means for enabling and
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disabling current flow to the heating element in re-
sponse to the pulse train from the timer means.

171. The controller of claim 161, wherein the means
for regulating current flow during draw includes means
for controiling the average current flow through the
heating element during a portion of the draw.

172. The controller of claim 161, wherein the means
for regulating current flow during draw includes (i)
means for enabling the uninterrupted passage of current
through the heating element for an initial time period,
and (ii) means for controlling the average current which
passes through the heating element upon passage of the
initial time.

173. The controller of claim 172, wherein the average
current control means comprises (i) timer means for
generating a pulse train having a predetermined duty
cycle, and (ii) timer responsive switching means for
enabling and disabling the current through the electri-
cal heating element in response to the pulse train from
the timer means, and wherein the enabling means for
the initial time period comprises means for disabling the
timer means during the initial time period and enabling
the timer means upon passage of the initial time period.

174. The controller of claim 173, wherein the en-
abling means for the initial time period further com-
prises (i) comparator means for comparing a first volt-
age at a first input to a threshold voltage at a threshold
input and generating an output signal when the first
voltage is equal to the threshold voltage, the output
signal enabling the timer means; (ii) means for generat-
ing the threshold voltage at the threshold input; and (jii)
means for generating the threshold voltage at the first
input upon passage of the initial time period.

175. The controller of claim 161, 165 or 173, further
comprising means for limiting the temperature of the
heating element when a puff occurs before the heating
element has cooled after a prior puff.

176. The controller of claim 161, 165 or 173, wherein
the puff actuated control means comprises means for
sensing changes in air pressure within the disposable
article.

1717. The controller of claim 161, 165 or 172, wherein
the puff actuated control means includes an air pressure
differential switch.

178. The controller of claim 161, wherein the means
for electrically connecting the controller to a power
source includes means for connection to a battery.

179. The controller of claim 178, further comprising a
chamber for receiving at least one battery.

180. A controller for use with a disposable article
having an aerosol forming substance and an electrical
heating element for thermally generating an aerosol
from the aerosol forming substance, the controller com-
prising:

((2) means for electrically connecting the controller

to the electrical resistance heating element;

((b) means for electrically connecting the controller

to an electrical power source;

((c) current actuation and deactuation means; and

(d) time based means for (i) permitting unrestricted

current flow through the heating element for an
initial predetermined time period upon current
actuation, and (ii) for subsequently regulating cur-
rent flow until current deactuation.

181. The controller of claim 180, wherein the current
actuation and deactuation means is a puff actuated con-
trol means for permitting current flow through the
heating element during draw by the user.
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182. The controller of claim 180, wherein the means
for subsequently regulating current flow until current
deactivation includes means for controlling the average
current flow through the heating element.

183. The controller of claim 180, wherein the means
for permitting current flow for the initial time period
and for subsequently regulating current flow until cur-
rent deactivation includes means for controlling the
temperature range to which the heating element is
heated during draw.

184. The controller of claim 180, 182 or 183, wherein
the means for subsequently regulating current flow until
current deactivation comprises a timer.

185. The controller of claim 180, 182 or 183, wherein
the means for subsequently regulating current flow until
current deactivation further comprises a timer respon-
sive switching means for enabling and disabling current
flow to the heating element.

-186. The controller of claim 180, 182 or 183, wherein
the means for permitting current flow for the initial time
period comprises a comparator means.

187. The controller of claim 180, 182 or 183, wherein
the means for permitting current flow for the initial time
period includes a capacitor and means for charging and
discharging the capacitor at a rate which approximates
a rate at which the heating element heats and cools.

188. The controller of claim 180 or 181, wherein the
means for subsequently regulating current flow com-
prises means for switching the current flow alternately
off and on.

189. The controller of claim 188, wherein the means
for switching the current flow off and on includes
means for generating a preset switching cycle.

190. The controller of claim 188, wherein the means
for switching the current flow off and on includes
means for generating a preset switching cycle, and the
means for generating the preset switching cycle in-
cludes a timer means.

191. The controller of claim 188, wherein the means
for switching the current flow off and on includes
means for generating a preset switching cycle, and
means for generating the preset switching cycle in-
cludes timer means generates a periodic digital wave
form having a preset duty cycle.

192. The controller of claim 180, wherein the means
for subsequently regulating current flow until current
deactivation comprises (i) timer means for generating a
pulse train having a predetermined duty cycle, and (ii)
time responsive switching means for enabling and dis-
abling the current through the electrical heating ele-
ment in response to the pulse train from the timer
means, and wherein the means for permitting current
flow for the initial time period comprises means for
disabling the timer means during the initial time period
and enabling the timer means upon passage of the initial
time period.

193. The controller of claim 192, wherein the means
for permitting current flow for the initial time period
further comprises (i) comparator means for comparing a
first voltage at a first input to a threshold voltage at a
threshold input and generating an output signal when
the first voltage is equal to the threshold voltage, the
output signal enabling the timer means; (ii) means for
generating the threshold voltage at the threshold input;
and (iii) means for generating the threshold voltage at
the first input upon passage of the initial time period.

194. The controller of claim 192 or 193, wherein the
means for permitting current flow for the initial time
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period includes a capacitor and means for charging and
discharging the capacitor at a rate which approximates
a rate at which the heating element heats and cools.

195. The controller of claim 180 or 181, wherein the
means for permitting current flow for the initial time
period and for subsequently regulating current flow
comprises (i) timer means, activated by the current
actuation and deactuation means, for generating a pulse
train having a predetermined duty cycle, and (i) timer
responsive switching means for enabling and disabling
current flow to the heating element in response to the
pulse train from the timer means.

196. The controller of claim 180, wherein the means
for electrically connecting the controller to a power
source includes means for connection to a battery, and
wherein the controller further comprises a chamber for
receiving at least one battery.

197. A current control circuit for an article having an
aerosol forming substance and a heat generating electri-
cal resistance element for thermally generating an aero-
sol from the aerosol forming substance, the circuit com-
prising (i) means for permitting current flow through
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the resistance element for an initial time period, and (ii)
means for subsequently regulating current flow through
the resistance element.

198. The circuit of claim 197, wherein the means for
subsequently regulating current flow comprises means
for switching the current flow alternately off and on.

199. The circuit of claim 198, wherein the means for
switching the current flow off and on includes means
for generating a preset switching cycle.

200. The circuit of claim 199, wherein the means for
generating the preset switching cycle includes a timer.

201. The circuit of claim 200, wherein the timer gen-
erates a periodic digital wave form having a preset duty
cycle.

202. The circuit of claim 198, wherein the means for
regulating current flow comprises (i) timer means for
generating a pulse train having a predetermined duty
cycle, and (ii) timer responsive switching means for
enabling and disabling current flow to the resistance
element in response to the pulse train from the timer

means.
* ¥ x ¥ X
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[57] ABSTRACT

Multiple embodiments of a solid state condenser transducer,
and methods of manufacture, are disclosed. The transducer
comprises a semi-conductor substrate forming a frame and
having an opening, a thin-film cantilever structure forming
a diaphragm extending over a portion of the opening, the
structure having a proximal portion and a distal portion. The
proximal portion is attached to the frame, and the distal
portion extends over a portion of the frame. A variable gap
capacitor having a movable plate and a fixed plate is
provided, wherein the movable plate is disposed on the distal
portion of the structure and the fixed plate is disposed on the
frame adjacent the movable plate.
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MINIATURE SILICON CONDENSER
MICROPHONE

DESCRIPTION

1. Technical Field

The present invention is directed toward a miniature
silicon condenser microphone which can be integrated with
CMOS circuitry.

2. Background Prior Art

Miniature silicon condenser microphones which can be
integrated with CMOS circuitry require a number of trade-
offs to achieve high sensitivity and low noise in the smallest
volume. Typically a condenser microphone consists of four
elements; a fixed, perforated backplate, a highly compliant,
moveable diaphragm (which together form the two plates of
a variable air-gap capacitor), a voltage bias source, and a
buffer amplifier.

The diaphragm must be highly compliant and precisely
positioned relative to the backplate, while the backplate
must remain stationary and present a minimum of resistance
to the flow of air through it. Achieving all of these charac-
teristics in microphones below 1 mm in size using integrated
circuit materials has been challenging in three respects.
First, silicon-based miniature condenser microphones to
date have used a diaphragm held by a surrounding frame,
with maximum deflection occurring at the diaphragm center.
In this configuration, unrelieved stress in the diaphragm
material detracts from either diaphragm compliance (if the
stress is tensile which stiffens the diaphragm) or positioning
accuracy (if the stress is compressive which buckles the
diaphragm). Typical stress levels in integrated circuit thin
films, if not relieved in the finished diaphragm, are many
times greater than the levels at which the diaphragm
becomes unusable due to over-stiffening or buckling.

A second problematic aspect of sub-mm-sized dia-
phragms is that the compliance tends to decrease very
rapidly with decreasing size for a given diaphragm material
and thickness. If the units of diaphragm compliance are
taken as linear deflection per unit pressure, the compliance
scales as the fourth power of the diaphragm size. In a
specific example, cutting the diaphragm diameter in half is
expected to cut the diaphragm compliance to one-sixteenth
of its former value if the diaphragm material, thickness and
configuration are kept the same.

The third challenge in miniaturization of microphones
below 1 mm in size is that of maintaining a low mechanical
damping of the diaphragm displacement. As the structure is
made smaller, the air gap must be made smaller (scaling as
the inverse of the square of the device size) to keep the
capacitor value in a range which can drive the input of the
buffer amplifier effectively. Unfortunately as the air gap is
reduced, the damping effects due to viscous flow of the air
trapped between diaphragm and backplate increase rapidly,
varying as the inverse of the third power of the air gap size.
The net result is that mechanical damping tends to increase
extremely rapidly as the inverse of the sixth power of the
device size. This damping affects the frequency response
and in accordance with well established theory, generates
pressure fluctuations in the microphone structure which
contributes noise to the microphone output.

Various approaches have been developed to avoid the
problem of excessive stress in miniature condenser micro-
phone diaphragms. The approaches can be categorized by
whether they focus on diaphragm material or diaphragm
construction. On the material side, Bergquist and Rudolf,
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Transducers 91, Proceedings of the International Confer-
ence on Solid-State Sensors and Actuators (IEEE, New
York, 1991) pp. 266-269 discloses single crystal silicon as
the diaphragm material to minimize differential stresses
from developing with respect to the diaphragm support,
which is also made of single crystal silicon.

Bernstein, U.S. Pat. No. 5,146,435, discloses an all-
silicon structure consisting of a single crystal silicon dia-
phragm supported at its periphery by patterned silicon
springs.

On the diaphragm construction side, Loeppert, U.S. Pat.
No. 5,490,220 discloses a free-plate diaphragm configura-
tion wherein the diaphragm is disconnected from its frame
and captured only by a set of lateral restraints. According to
Loeppert, material stress is released completely in the fin-
ished diaphragm regardless of material mismatches between
the diaphragm and its frame.

PCT International Publication WO 95/34917 discloses a
piezoelectric cantilever pressure transducer. Alternatively,
the transducer may be magnetostrictive, piezoresistive or
thermal.

However, none of the above-described approaches solves
the inherent film stress issues while maintaining good per-
formance in a manufacturing process.

The present invention is provided to solve this and other
problems.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
alternative diaphragm and backplate construction in which
the form of the diaphragm is based on a cantilever and in
which alternate configurations for venting the backplate,
appropriate for sub-mm-size microphones are used. Such
microphones are useful for ultrasonic, as well as audio,
transduction of sound.

In the cantilever format, diaphragm material stress is
relieved in the final diaphragm structure to almost the same
degree as in the free-plate construction, but without the need
for the capturing restraints associated with the free-plate. In
addition, the compliance of a cantilever structure is over one
hundred times greater than that of an edge-clamped dia-
phragm of the same material, span and thickness, which
eases the design of smaller scale devices in spite of the
aforementioned difficulties with compliance in diaphragms
below 1 mm in size.

This diaphragm, as well as the backplate and integrated
CMOS circuitry for backplate voltage bias and buffer ampli-
fier can be fabricated on a single silicon wafer. Several
embodiments are given below. The method for venting of
the capacitor air gap to minimize mechanical damping
depends on the context of the particular embodiment and is
thus given in context in each case. The net result is an
approach which offers advantages in microphone size and
sensitivity which are readily apparent to those skilled in the
art.

Other features and advantages of the invention will be
apparent from the following specification taken in conjunc-
tion with the following drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a first embodiment of a
silicon condenser microphone made in accordance with the
present invention;

FIG. 1a is a perspective view of a second embodiment of
a silicon condenser microphone made in accordance with the
present invention;
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FIGS. 2-9 are sectional views illustrating sequential steps
in the manufacture of the microphone of FIG. 1;

FIGS. 6a, 6b, 7a, 8a, 9a and 9b are sectional views
illustrating sequential steps in the manufacture of the micro-
phone of FIG. 1a;

FIG. 10 is a perspective view of a third embodiment of a
silicon condenser microphone made in accordance with the
present invention;

FIGS. 11-12 are sectional views illustrating sequential
steps in the manufacture of the microphone of FIG. 10;

FIG. 13 is a perspective view of a fourth embodiment of
a silicon condenser microphone made in accordance with the
present invention;

FIG. 13a is a plan view of the microphone without a
diaphragm of FIG. 13;

FIGS. 13b and 13c are sectional views of the microphone
of FIG. 13a;

FIG. 134 ia a plan view of the microphone of FIG. 134,
including the diaphragm;

FIGS. 14-15 are sectional views illustrating sequential
steps in the manufacture of the microphone of FIG. 13;

FIG. 16 is a plan view of the web structure of a modifi-
cation of the fourth embodiment of the invention;

FIG. 164 is a plan view of a modification of the fourth
embodiment of the invention;

FIGS. 16b and 16c¢ are sectional views of the microphone
of FIG. 16a;

FIG. 17a is a plan view of an overpressure stop structure
for use with the microphone of the fourth embodiment; and

FIG. 17b is a sectional view of the overpressure stop
structure of FIG. 17a.

DETAILED DESCRIPTION

While this invention is susceptible of embodiments in
many different forms, there is shown in the drawings and
will herein be described in detail, preferred embodiments of
the invention with the understanding that the present dis-
closure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the
broad aspects of the invention to the embodiments illus-
trated.

A cantilever design for a silicon condenser microphone 10
is shown in FIG. 1. The microphone 10 includes a dia-
phragm 12 anchored to a support structure or frame 11 at a
proximal or fixed edge 124 and which is free on the other
three edges, including a distal edge 12b. In this way the
stiffness of the diaphragm 12 is determined by the thickness
and material properties of the diaphragm 12 and not by
stresses induced in the diaphragm 12 by processing. A
capacitor 14 is disposed adjacent the distal edge 12b of the
diaphragm away from the fixed edge 124, where maximum
deflection of the diaphragm 12 due to sound pressure occurs.

Referring to FIG. 2, in accordance with the invention, the
microphone 10 is manufactured on a substrate 16, preferably
a double side polished silicon wafer, during CMOS process-
ing of other components (not shown) on the substrate 16.
During CMOS processing, an active area 18a surrounded by
field oxide 18 is formed by a standard LOCOS process
where the diaphragm 12 will ultimately be located. As is
well known, the LOCOS process also results in a nitride
layer 18b on the back side of the substrate 16. The nitride
layer 18b is left on the back side of the substrate 16 upon
completion of the LOCOS process.

Referring to FIG. 3, a low temperature oxide layer 20 is
deposited over the entire surface of the wafer 16. In the
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CMOS process, the oxide layer 20 is usually left on virtually
the entire wafer surface as a dielectric between poly silicon
gates and aluminum interconnect (not shown). The alumi-
num interconnect is used to connect circuits formed else-
where on the wafer 16. A portion of the oxide layer 20 is then
removed to expose the bare silicon substrate 16.

Similarly, in the CMOS process, a silicon nitride passi-
vation layer 22 is usually left on virtually the entire surface
of the wafer 16 to protect the low temperature oxide 20 and
the layer of aluminum interconnect. As shown in FIG. 4, the
silicon nitride passivation layer 22 is patterned in such a way
as to provide the usual protection in CMOS circuit areas
elsewhere on the wafer 16, but once again is locally removed
to expose the bare silicon substrate 16 in the area where the
diaphragm 12 will be. The silicon nitride passivation layer
22 thus forms a barrier to protect the CMOS area from an
anisotropic etchant, preferably potassium hydroxide (KOH),
in the final micro-machining step, discussed below. The
back layer of nitride 18b is also patterned to form an etch
mask for the final micromachining step, discussed below.

The capacitor 14 includes a fixed plate 144, or backplate,
and a movable plate 14b. Referring to FIG. 5, a metal layer,
preferably chrome in the range of 0.1-0.2 microns thick, is
deposited and patterned to form the fixed plate 14a.

Referring to FIG. 6, a sacrificial layer 24, preferably
aluminum, approximately 4 microns thick, is deposited and
patterned. This sacrificial layer 24 will eventually be
removed to form the gap between the fixed plate 14a and
movable plate 14b of the capacitor 14.

Referring to FIG. 7, a silicon nitride diaphragm layer 26,
typically 1 micron thick, is deposited and patterned.

Referring to FIG. 8, a metal layer, preferably chrome
approximately 0.02 micron thick, is deposited and patterned
on the silicon nitride diaphragm layer 26 to form the
movable plate 14b. A thickness of 0.02 microns was utilized
as a balance between stress and conductance considerations.
A thinner layer would result in less conductance, but would
also result in less stress.

Although not specifically shown, a layer of titanium
tungsten alloy followed by a layer of gold can be deposited
and patterned to protect aluminum bond pads elsewhere on
the wafer 16.

The final micromachining step is illustrated in FIG. 9. In
this step, the entire wafer is etched with an anisotropic
etchant, preferably potassium hydroxide (KOH). This step
forms both a capacitor gap 28 between the movable and
fixed elements of the microphone 10 as well as forms a hole
30 below the diaphragm 12.

The performance of the cantilevered microphone 10 illus-
trated in FIG. 1 tends to deviate from the optimum in two
respects. First, because of the aforementioned compliance
properties of cantilevers versus edge-clamped diaphragms,
this cantilever structure as shown in FIG. 1 is actually so
compliant that it overloads at the highest sound pressures
encountered in certain microphone applications. Second, the
cantilevered diaphragm of FIG. 1 fabricated from integrated
circuit thin film materials as described above tend to curl due
to three sources of unrelieved stress: (1) stress gradients
through the thickness of the thin film remaining from
deposition; (2) differential stresses caused by the addition of
thin chrome or other metallization to the surface of the
diaphragm; and (3) unrelieved film stresses at the fixed edge
124, where the diaphragm 12 is anchored.

Two types of constructions described below have been
developed to match the diaphragm compliance to the desired
pressure range as well as to counteract any curling tendency
of the diaphragm 12.
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A structure has a “bending moment”, which relates its
shape to its stiffness. A thicker film would increase the
bending moment, but would also increase the diaphragm
mass undesirably and would also simply increase the forces
and moments which drive the curling tendency. Both types
of constructions, described below, work by increasing the
bending moment of the diaphragm without changing the
thickness of the film.

The first construction for increasing the bending moment
is to corrugate a diaphragm built from a single film layer. An
initial approach might consist of running corrugations from
the root of the cantilever to the tip. The film, however, has
an equal tendency to curl across the cantilever as along it, so
that a structure having only straight longitudinal corruga-
tions could still curl in the transverse direction. Thus a more
sophisticated corrugation pattern must be used which raises
the bending moment about all possible cross sections of the
diaphragm. One such corrugation pattern is shown in FIG.
la. Many other patterns are possible. As disclosed in FIG.
1a, no matter what section is taken, it will cross several
corrugations.

The manufacture of the diaphragm of FIG. 1a is similar
to that of the diaphragm of FIG. 1, but for the steps
illustrated in FIGS. 6a, 6b, 7a, 8a, 9a and 9b.

Referring to FIG. 64, the sacrificial layer 24 has been
additionally patterned to form corrugations 32.

As illustrated in FIG. 6b, a second sacrificial layer 34, in
the range of 1-2 microns, is deposited and patterned upon
the first sacrificial layer 24. This second sacrificial layer 34
permits one to separately control the dimension of the
capacitor gap 28 and the height of the corrugations 32.

Referring to FIG. 74, the silicon nitride diaphragm layer
26, typically 1 micron thick, is deposited and patterned. This
step is similar to that illustrated in FIG. 7, but for the
presence of the corrugations 32.

Referring to FIG. 84, the metal layer, preferably chrome
approximately 0.01 micron thick, is deposited and patterned
on the silicon nitride diaphragm layer 26 to form the
movable plate 14b. This step is similar to that illustrated in
FIG. 8, but for the presence of the corrugations 32.

Although not specifically shown, as with the first
embodiment, a layer of titanium tungsten alloy followed by
a layer of gold can be deposited and patterned to protect
aluminum bond pads elsewhere on the wafer 16.

The final micromachining step is illustrated in FIG. 9a. In
this step, the entire wafer 16 is etched with an anisotropic
etchant, preferably potassium hydroxide (KOH). This step
forms both the capacitor gap 28 between the movable and
fixed elements of the microphone 10 as well as forms the
hole 30 below the diaphragm 12. This step is similar to that
illustrated in FIG. 9, but for the presence of the corrugations
32.

If deeper corrugations are required, the silicon is trench
etched before deposition and patterning of the sacrificial
layers in order to increase the total corrugation amplitude.

The low frequency rolloff point of a microphone is
determined by the inverse of the product of the back volume
compliance, in acoustic farads, and the acoustic resistance of
the pressure equalization path, in acoustic ohms. The equal-
ization path in this device is around the edges of the
cantilever diaphragm and continuing through the hole in the
silicon substrate. For the very small microphones which are
sought here, with back volumes on the order of 2 to 3 cubic
mm, the acoustic resistance of this path must be quite high,
on the order of 1 million acoustic ohms, to maintain flat
response down below 100 Hz.
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FIG. 9b is a section of FIG. 1a, taken along the line
9b6—9b thereof. As illustrated in FIG. 95, the high acoustic
resistance is obtained by forming an overlap 12¢ of the
diaphragm 12 extending past the edge of the hole 30. This
overlap 12c¢ defines an equalization path 36 which has a
length “1” on the order of 5 to 10 microns, and has a gap
height “h” between the diaphragm 12 and the wafer 16 of 1
to 2 microns.

The various vertical dimensions needed for the capacitor
gap 28, the corrugations 32 and the pressure equalization
path 36 can all be realized using the two independently
patterned sacrificial layers. As an example, and referring to
FIG. 6b, a first sacrificial layer 24 of 3 micron thickness can
be patterned to create the height differences needed for
diaphragm corrugations while the second sacrificial layer 34
of 1 micron thickness is used to set up the height “h” of the
equalization path 36. The second (1 micron) sacrificial layer
34 is also left covering the entire corrugation relief pattern
so that the height of the corrugations 32 is unchanged, but
together the sacrificial layers 24, 34, create a 4 micron
capacitor gap 28. If complete independent control of these
three dimensions (corrugation height, capacitor gap, equal-
ization path height) is desired, then a third sacrificial layer
(not shown) is required.

For all condenser microphones, there is a combination of
sound level and bias voltage which will result in a irrevers-
ible collapse of the diaphragm onto its backplate. The
position of a diaphragm in a zero bias voltage/zero sound
pressure condition will be referred to as the unloaded
position of the diaphragm. While in typical applications, the
bias voltage can be controlled, it is often difficult to control
the maximum sound pressure. If movement of the dia-
phragm from its unloaded position is limited, and the proper
bias voltage is maintained, then this irreversible collapse can
be prevented.

In microphones of the present invention, the small height
“h” of the pressure equalization path 36 (see FIG. 9b) also
serves, under high sound pressures, to limit diaphragm
deflection to about 1 micron, so that the electrostatic forces
at the capacitor 14 can not take over and cause irreversible
collapse of the diaphragm 12.

The great majority of the area under the diaphragm 12 in
the previously described structures is directly over the hole
30 in the substrate 16. This means that air displaced by
movement of the diaphragm 12 can move freely without
appreciable resistance. However, in the area of the capacitor
14, the air is trapped in the 3 to 4 micron capacitor gap 28
between diaphragm and backplate and forced to flow later-
ally until the air reaches an opening. Due to the viscosity of
air and the small dimension of this flow path through the
capacitor gap, considerable damping of the diaphragm
response can occur. This damping can both affect the high
frequency response and add noise to the microphone output.
The common method to overcome this is to perforate the
backplate, but since in this case the backplate is formed on
solid silicon, the damping problem is solved by introducing
perforations, or holes, 38 extending through the diaphragm
12, including the movable plate 14b, as shown in FIG. 1a.
The use of holes has provided satisfactory response out to 50
kHz.

A second structure for increasing the bending moment is
to build the diaphragm 12 using a sandwich of two quilted
films separated by a thin 2-3 micron sacrificial spacer. The
two films are periodically attached together, as shown in
FIG. 10, to form a quilted structure. The bending moment is
now increased to virtually the same degree across all
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sections, except for a slight deviation for those cross sections
which cut through the rows of attachment points. This
deviation can be minimized by keeping the ratio of attach-
ment size to attachment spacing small.

The method of manufacture of this diaphragm is similar
to that disclosed above with respect to the embodiment of
FIG. 1a, but is more particularly illustrated in FIGS. 11 and
12.

According to this method, after deposition and patterning
of the first sacrificial layer 24, having a thickness of 1
micron, a first silicon nitride diaphragm layer 40, having a
thickness of 0.5 micron is deposited and patterned. There-
upon a second sacrificial layer 34 (corresponding to the layer
34 of the embodiment of FIG. 1a, and having a thickness of
3 microns) is deposited and patterned. Subsequently, a
second silicon nitride layer 26, having a thickness of 0.5
micron, is deposited and patterned. The layer 26 alone will
serve to support the moving plate 14b of the capacitor 14.

An alternate and preferred diaphragm structure is illus-
trated in FIG. 13. This structure comprises a circular dia-
phragm which is anchored in the center. The advantage of
this form is that it eliminates the two free side edges of the
linear cantilever where lateral curling is most difficult to
suppress. The only free edge left is the circular periphery.
For a given diaphragm size and diaphragm material and
thickness, the compliance of this structure, if the structure is
kept flat to within a dimension equal to the corrugation
amplitude, is intermediate between that of the edge-
supported diaphragm and the linear cantilever, being five
times the former and approximately one-twentieth of the
latter. The curling tendencies of this structure are also
intermediate. The compliance of this structure can also be
adjusted to the desired value by incorporating corrugations
of the appropriate amplitude. These corrugations can be
radial, circular (preferred) or tangential to an inner radius
like a pinwheel. Circular corrugations are preferred because
they can be put in without being interrupted by the anchor
area.

The process of constructing the embodiment of FIG. 13 is
similar to that of forming the embodiment of FIG. 1a, but for
the step of forming the anchor 60. FIGS. 14 and 15 illustrate
cross-sections of this embodiment.

The anchor 60 for the center-supported circular dia-
phragm 12 falls at the center of the substrate hole 30. Thus
some means of diaphragm support other than the surround-
ing substrate surface must be provided to connect the anchor
to the surrounding substrate.

The preferred method is to pattern a deposited combina-
tion of a LOCOS nitride film 18c on the front side of the
wafer 16 (which in the linear cantilever design had been
removed) and the passivation nitride 22 in such a way as to
form a tensioned, perforated thin film structure, or web, 62
across the substrate hole 30, and to attach the diaphragm 12
to the web 62 at the anchor 60. As described above in
connection with the cantilever design of FIG. 1, an active
area is formed during CMOS processing where the dia-
phragm and substrate hole will be. However, in this case the
LPCVD silicon nitride layer 18¢, which is typically used to
define the active areas in a LOCOS process by blocking the
growth of field oxide, is left in place over the area where the
diaphragm 12 and the substrate hole 30 will be. In a
conventional LOCOS process, this nitride layer is stripped
away entirely after it masks the field oxidation step. The
silicon nitride typically is highly tensile, which is of use in
tensioning the final structure. Within the active area, the
CMOS low temperature oxide 20 is removed as before to
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expose silicon nitride 18c. Silicon nitride passivation 22 is
deposited on the wafer 16 and patterned by etching. In the
etch step however, the etch time is extended so that the
underlying LOCOS nitride 18c is etched as well, acquiring
the same pattern as the silicon nitride passivation 22, thus
forming the web 62, as shown in FIG. 13a. When the wafer
16 is etched in KOH at the end of the process, the bulk
silicon etch acting on the front of the wafer 16 ultimately
forms 4 pockets 66. The pockets 66 begin at the 8 openings
664 in the web 62 and then expand laterally until a limiting
rectangular boundary 66b is reached. As expected for an
anisotropic etchant, this boundary is the largest rectangle
which circumscribes the original etch openings and which is
aligned with the (111) crystal planes of the substrate 16. In
the present case, the extent of this lateral etch undercuts the
web 62 so that a large area of the web 62 becomes free-
standing. There are, however, 4 thin silicon ribs 68, one
between each of the pockets 665, which ribs 68 extend
between the anchor 60 and the substrate 16. The rigidity of
this structure is then derived both from the ribs 68 as well as
from the tension in the films 18c, 22 from which the
structure is made. The patterning of the films 18c, 22 is done
in such a way as to include a sufficient total area of web 62
attached on the surrounding substrate to provide stiff support
but also so as to include a sufficient number of openings to
minimize the resistance of displaced air flow into the hole
30. If the silicon nitride passivation layer 22 is available in
a tensile state as deposited, the preferred embodiment is to
leave out the LOCOS nitride 18c and use the silicon nitride
passivation layer 22 alone, thus making the process flow
more like that of a conventional CMOS process. The hole 30
is formed by the simultaneous pocket etching from the front
of the wafer 16 and the back side etching through the
openings in the LOCOS nitride 18b.

In this center supported circular diaphragm design, the
compliance in the capacitive region is a result of the sum of
the compliances of the diaphragm 12 and the backplate web
62.

In order to achieve greater compliance, the ribs 68 can be
eliminated by extending the etch time of the final microma-
chining. In fact, all of the compliance can be obtained from
the backplate web 62, and the diaphragm 12 can be very
stiff.

An advantage of the silicon center support for a circular
diaphragm is that it is a very flat and stable foundation for
the diaphragm. The center silicon support is also more
isolated from package generated stresses than the tensioned
thin film support structure. Also since the support is made of
bulk silicon, its reaction to unrelieved film stresses at the
diaphragm attachment are negligible compared to the ten-
sioned thin film support structure.

The preferred method of substrate etching (anisotropic
etch) creates a square hole. The periphery of the round
diaphragm must either overlap substantial areas of the
surrounding substrate surface or leave the corners of the
substrate hole uncovered, depending on the relative sizes
chosen for diaphragm and substrate hole. In the former case,
a substantial area of air is trapped between diaphragm and
substrate, requiring diaphragm perforations, in the manner
described above, to avoid viscous damping due to flow of
displaced air. In the latter case, large leakage areas are
created at the corners of the substrate hole, which can be
eliminated if the tensioned film used in connection with the
aforementioned diaphragm support methods (preferably sili-
con nitride passivation) is extended to fill in the corners of
the hole. A region of narrow-gap overlap between dia-
phragm and substrate is thus re-established as required to
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control leakage through the barometric relief path. Free
edges of the added tensioned film in the hole corners tend to
curl somewhat, which detracts from control of the narrow
gap in the barometric relief path; in the preferred design a
few additional strips 62a of the tensioned film are included
which flatten the free edges of the corner film areas by
pulling them toward the center of the device. The capacitor
is incorporated into the device near the edge of the dia-
phragm because the maximum amplitude of pressure-driven
motion occurs there. The diaphragm electrode is established
by metallizing the capacitor area of the diaphragm. The
construction of the backplate depends on the size chosen for
the diaphragm. For a large diaphragm which overlaps the
solid substrate surfaces surrounding the substrate hole, the
backplate electrode is established by metallizing the surface
of the passivation-coated substrate.

For a smaller diaphragm, as shown in FIG. 134, for which
areas of tensioned film must already fill the corners of the
substrate hole as described above, the backplate is estab-
lished by simply extending these areas of tensioned film
further, forming a free-standing backplate film structure
which underlies the metallized peripheral area of the dia-
phragm. These additional tensioned film areas are then also
metallized to form the backplate electrode 14a. The stress of
the backplate metallization may be chosen to enhance the
net tension of the film structure; in any case the net stress of
the metallized backplate film must be tensile. Once again the
air trapped between diaphragm and backplate must be
properly vented to avoid viscous damping. In this case the
preferred approach is to perforate the backplate film rather
than the diaphragm since the backplate structure has less of
a tendency to curl when perforated. The backplate perfora-
tions 72 may be shaped as either holes or slots. Typical
parameters of hole perforation are a hole diameter of 5
micrometers and a hole spacing of 10 micrometers. Typical
parameters of slot perforation are 14 micrometer slot, 24
micrometer spacing. In the case of slot venting the remain-
ing backplate material takes on a web-like character; the
intersection angles and widths of the linear elements of such
a backplate structure must be chosen such that tensioning
forces are balanced in the structure as it was first patterned
and tensioning forces do not become redistributed when the
backplate structure is released.

The electrical connection to the metallized diaphragm 144
can be routed through the center post or preferably on a thin
nitride leader 70 to attach to the edge of the diaphragm. As
shown in FIG. 13, this results in a minimum of additional
parasitic capacitance.

A problem which arises when a given diaphragm corru-
gation design and a backplate perforation pattern are com-
bined is that some low areas of the corrugation pattern fall
over backplate film material. This generates regions in
which the air gap is on the order of one micrometer rather
than the 4 micrometer dimension found elsewhere. Since, as
stated above, viscous damping effects scale as the inverse of
the cube of the air gap, mechanical damping accumulates
over fifty times more rapidly per unit area in these locations
than in the rest of the structure.

Two methods for avoiding this are included here. The first
is to perforate the diaphragm at such locations, discussed
above. If these locations are not too numerous the corruga-
tion of the diaphragm is not upset enough to alter the
compliance or the curl suppression of the diaphragm sig-
nificantly.

The second method for avoiding this damping contribu-
tion is to avoid corrugation/backplate crossings altogether.
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FIGS. 16, 16a. 16b and 16c show such a design. This
approach uses a generally radial arrangement of corruga-
tions and a matching radial arrangement of strips 62a of the
web 62. All of the web strips 624 fall underneath high areas
of the diaphragm corrugation pattern except for the equal-
ization path 36 at the periphery, where the height “h” of the
equalization path 36 is reduced, and near the central dia-
phragm anchor area where there is very little diaphragm
deflection. This design also illustrates the third corrugation
scheme, mentioned above, which represents a mixture of the
radial and the circular methods. As shown in FIG. 164, the
corrugations are placed tangential to an inner radius, which
makes them mostly radial in character at the edge of the
diaphragm but converging to a circular corrugation near the
center. When this placement of diaphragm corrugations is
matched with strips of tensioned film a web is formed which
constitutes the backplate structure and masks the silicon hole
etch to form the silicon ribs and an enlarged central dia-
phragm support area described above. The silicon ribs under
the web provide stiffness to the structure. The converged
diaphragm corrugations anchor to this central support area.

The rectangular and circular cantilevers both have a
natural motion stop in one direction should the structure
experience over-pressure (specifically, the narrow-gap baro-
metric relief path and small intentional crossings of corru-
gation troughs and backplate film). To provide stops in the
other direction, islands 73 of passivation nitride 22 are
created using CMOS metal 74 as a sacrificial layer. One end
73a is attached to the edge of the diaphragm while the other
end 73b is trapped under an overhang of diaphragm nitride
outside of the working area. FIG. 17 shows this pressure stop
structure.

Repeatability of the gap is a concern in silicon micro-
phones. One mode of operation is to provide a high enough
bias voltage to cause the diaphragm to come in contact with
the backplate at the outer edge. This establishes a very
repeatable gap and there is still enough compliance to
provide good sensitivity.

It will be understood that the invention may be embodied
in other specific forms without departing from the spirit or
central characteristics thereof. The present examples and
embodiments, therefore, are to be considered as illustrative
and not restrictive, and the invention is not to be limited to
the details given herein.

We claim:

1. A solid state condensor microphone comprising:

a semi-conductor substrate forming a support structure

and having an opening;

a thin-film cantilever structure forming a diaphragm
responsive to fluid-transmitted acoustic pressure
extending over a portion of the opening, the structure
having a proximal end and a distal end, wherein the
proximal end is attached to the support structure, and
the distal end is detached from and extends over a
portion of the support structure; and

a variable gap capacitor having a movable plate and a
fixed plate, wherein the movable plate is disposed on
the distal end of the structure and the fixed plate is
disposed on the support structure adjacent the movable
plate, wherein said condenser microphone produces an
output proportional to the position of the movable plate
relative to the fixed plate.

2. The transducer of claim 1 wherein said semi-conductor

substrate is silicon.

3. The transducer of claim 1 wherein said proximal end of

said cantilever structure is along an edge of said opening.

VPR Exhibit

2016

Page 167



5,870,482

11

4. The transducer of claim 3 wherein said cantilever
structure is generally in the form of a rectangle.

5. The transducer of claim 1 wherein said cantilever
structure is formed of multiple layers of thin-films.

6. The transducer of claim 5 wherein said multiple layers
of thin-films are quilted.

7. The transducer of claim 1 wherein said diaphragm
includes means defining a pressure equalization path extend-
ing over a portion of said support structure for restricting
airflow between opposing sides of the diaphragm.

8. The transducer of claim 1 including means for limiting
travel of said diaphragm away from said support structure.

9. The transducer of claim 8 wherein said travel limiting
means comprises means extending over said distal end of
said diaphragm.

10. The transducer of claim 1 wherein said diaphragm
distal end includes a vent.

11. The transducer of claim 10 wherein said vent com-
prises a plurality of holes extending through said distal
portion.

12. A solid state condenser microphone comprising:

a silicon substrate forming a support structure and having
an opening;

a multi-layer thin-film cantilever structure forming a
diaphragm responsive to fluid-transmitted acoustic
pressure extending over a portion of the opening, the
structure having a proximal end and a distal end,
wherein the proximal end is attached to the support
structure, and the distal end is detached from and
extends over a portion of the support structure; and

a variable gap capacitor having a movable plate and a
fixed plate, wherein the movable plate is disposed on
the distal end of the structure and the fixed plate is
disposed on the support structure adjacent the movable
plate, wherein said condenser microphone produces an
output proportional to the position of the movable plate
relative to the fixed plate.

13. The transducer of claim 12 wherein said proximal end

of said cantilever structure is along an edge of said opening.

14. The transducer of claim 13 wherein said cantilever

structure is generally in the form of a rectangle.

15. The transducer of claim 12 wherein said cantilever

structure is corrugated.

16. The transducer of claim 12 wherein said diaphragm

includes means defining a pressure equalization path extend-
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ing over a portion of said support structure for restricting
airflow between opposing sides of the diaphragm.

17. The transducer of claim 12 including means for
limiting travel of said diaphragm away from said support
structure.

18. The transducer of claim 17 wherein said travel lim-
iting means comprises means extending over said distal end
of said diaphragm.

19. The transducer of claim 12 wherein said diaphragm
distal end includes a vent.

20. The transducer of claim 12 wherein said vent com-
prises a plurality of holes extending through said distal end.

21. A solid state condenser microphone comprising:

a silicon substrate support structure including a frame
defining an opening and a thin-film web attached to
said frame and extending across said opening;

a thin-film cantilever forming a diaphragm responsive to
fluid-transmitted acoustic pressure having a central
portion and a peripheral end, wherein the central por-
tion is attached to the web, and the peripheral end is
detached from and extends over a portion of the support
structure; and

a variable gap capacitor having a movable plate and a
fixed plate, wherein the movable plate is disposed on
the peripheral end of the structure and the fixed plate is
disposed on the support structure adjacent the movable
plate wherein said condenser microphone produces an
output proportional to the position of the movable plate
relative to the fixed plate.

22. The transducer of claim 21 wherein said central
portion of said cantilever structure is disposed in the center
of said opening.

23. The transducer of claim 21 wherein said cantilever
structure is generally in the form of a circle.

24. The transducer of claim 21 wherein said cantilever
structure includes corrugations.

25. The transducer of claim 24 wherein said corrugations
form concentric circles.

26. The transducer of claim 21 wherein said cantilever
structure is quilted.

27. The transducer of claim 24 wherein said corrugations
form generally radial lines.

28. The transducer of claim 24 wherein said corrugations
form generally tangential lines.

#* #* #* #* #*
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DISPENSER

FIELD OF THE INVENTION

This invention relates to a hand held dispensing device.
The device is of particular suitability for the self-
administration of physiologically active substances by inha-
lation and will be herein described with primary emphasis
on that use but may be used for other purposes.

BACKGROUND OF THE INVENTION

There are currently three main methods for drug delivery
via the respiratory tract, namely metered dose inhalers, dry
powder inhalers, and nebulisers.

Metered dose inhalers (“MDI") are widely used in the
management of asthma. The MDI comprises a drug pack-
aged with a propellant in a pressurised aerosol container can
having a valve which releases a volumetric metered dose of
aerosol upon actuation. These devices are portable, small,
and convenient to carry but deliver a dose which varies in
quantity, delivery speed, and droplet size distribution as the
vapour pressure of the propellant varies. The propellant
pressure varies with temperature and decreases progres-
sively as the content becomes depleted so that the range in
dose variation may be substantial. Incomplete evaporation
of the propellant may cause “sticking” and localised con-
centration of drug droplets at an impact area, and this in turn
can cause undesirable side effects. For example bronchos-
teroids can cause local immuno-suppression and local fungal
infection while local concentration of bronchodilator can
lead to swallowing, with unwanted systemic affects. In
addition, the use of an MD] requires a degree of synchro-
nisation between manual valve actuation and inhalation
which many users find difficult.

Dry powder inhalers (“DPI") devices rely upon a burst of
inspired air to fluidise and draw a dose of an active powder
into the bronchial tract. While this avoids the synchronisa-
tion problem of the MDI, DPI’s are sensitive to bumidity
and may provoke asthma attacks in some individuals sen-
sitive to inhaled powder. Moreover, because the force of
inspiration varies from person to person, the dose adminis-
tered varies.

Nebulisers generate an aerosol by atomising a liquidin a
carrier gas stream and require a continuous gas COmpressor
or bulky supply of compressed gas. In general, the droplet
size of the aerosol is a function of carrier gas pressure and
velocity and hence cannot be easily varied independently of
concentration of the active substance in the gas stream.
Inhalation reduces the pressure at the nebulizer nozzle and
thus dosage and particle size are also influenced by the
duration and strength of each breath. Most nebulisers oper-
ate continuously during inhalation and exhalation but special
control systems can be employed to meter the aerosolised
gas flow from the nebuliser to a holding chamber from
which the user may draw a charge.

In general the precision of dose delivery of each of these
devices is less accurate than desirable and restricts their use
to drugs which have broad dosage tolerance. In each case
delivery of the active agent to the intended application site
is overly dependent on user technique and is variable from
dose to dose and person to person. Not only is an improved
delivery system required to optimise cumrent nasal and
pulmonary therapies utilising locally acting drugs but there
has long been recognised a potential for the administration
of many additional local and systemic drugs if a more
satisfactory means of delivery were available. Medical
advances suggest that pulmonary delivery of drugs such as

2

peptides, proteins and analgesics might be of considerable
advantage compared with conventional oral or injection
delivery means. For example it has been suggested that
insulin for diabetics may be delivered via the pulmonary

5 route if a suitable means of delivery were available. The
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deposition of drug particles on lung tissue is a function of
size, shape and density of particles or droplets. For many
drugs, control of one or more of these factors along with
precise dose or dose rate control would be desirable.
However, at the present time no means of drug delivery is
available which adequately meets such requirements.

Many attempts have been made to provide a cigarette
substitute which provides nicotine by inhalation but which
avoids the need for combustion of tobacco. Provision of a
cigarette substitute involves complexities additional to those
involved in the administration of a therapeutic agent.
Although it is relatively easy to administer nicotine (for
example in tablet form, via transdermal patches and the
like), such forms do not satisfy habitual smokers because
they do not satisfy important complex physiological and
psychological affinities acquired by habitual smokers of
combustible cigarettes.

In an attempt to provide an acceptable alternative, many
cigarette substitutes have been proposed which provide
nicotine on inhalation without combustion of tobacco.
Conceptually, such devices are less harmful to the inhaler
than smoking, avoid the hazards of passive smoking among
bystanders and avoid the fire hazard and environmental
problems associated with cigarette smoking. However,
despite these major advantages, no device so far proposed
has met with consumer acceptance.

Early cigarette substitutes employed a porous carrier
impregnated with a liquid nicotine containing composition
through which an air stream could be drawn to volatilize
nicotine. This approach yielded insufficient nicotine per
puff, suffered from a tendency for the carrier to dry out and
delivered a variable amount of nicotine per puff, depending
on factors such as air temperature, humidity, lung capacity
of the user and amount of liquid composition remaining in
the carrier.

Subsequent devices delivered nicotine from a pressurised
aerosol container from which nicotine can be released by
mechanical valve actuator. In one such device the valve is
microprocessor controlled to limit the frequency and dura-
tion of actuation. However, the dose delivered varies with
the vapour pressure of aerosol remaining in the container as
well as with duration of valve actuation. The disposable
pressure container, aerosol valve, and CFC propellant add
considerably to active substance cost. These devices share
the disadvantages of MDI devices previously discussed.

In yet other devices a nicotine containing substance is
heated to vapourise an amount of nicotine which is then
available for inhalation. The amount of nicotine delivered by
such devices is difficult to control and is temperature depen-
dant. In one such device a plurality of nicotine-containing
pellets may be heated sequentially so that each liberates a
predetermined dose. However, in that case, the dose is fixed
during pellet manufacture, particle size of the aerosol is
uncontrolled, and temperature of the inhaled air cannot be
varied independently of dose.

Factors such as the quantity of nicotine per puff, the
temperature of the puff, the draw, the presence and size
distribution of flavour particles in the puff and like factors
are of considerable importance in satisfying habitual smok-
ers. The various alternatives proposed to date have simply
proved unacceptable to most smokers.
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To date no device has provided a satisfactory means of
adjusting both the quantity of nicotine delivered in each puff
in response to user demand and/or maintaining adequate
precision and accuracy in the dose quantum metered out.
Further the devices have failed adequately to mimic the
sensations obtained during smoking.

Because the requirements for a cigarette substitute are
particularly difficult to satisfy, the present invention is herein
described primarily with reference to nicotine delivery, but
it will be understood that the invention is more generally
applicable and addresses the general need for a device which
can precisely dispense doses and preferably which can
dispense doses of a variety of drugs or other substances and
which are adjustable from one individual to another or at
different times.

Preferred embodiments of devices of the kind under
consideration may be used as a less harmful form of admin-
istration of nicotine than smoking or may be used to reduce
or eliminate nicotine dependence among those wishing to
give up smoking.

It is, without limitation, an object of the present invention
to provide a method and means for administration or self-
administration of an active substance which avoids at least
some of the above discussed disadvantages of prior art. It is
an object of preferred embodiments of the invention to
provide a method and means for dispensing the active
substance for administration via inhalation.

It is an object of other preferred embodiments of the
invention to provide a cigarette substitute.

DISCLOSURE OF THE INVENTION

According to one aspect the invention consists in a
method for administering a substance to a human or animal
subject by inhalation, said method comprising the steps of:

(i) ejecting a predetermined number of discrete droplets of
the substance from at least one droplet ejection device
in response to an actuation signal, and

(ii) entraining the droplets in an inhalation airstream.

According to a second aspect the invention consists in a
method for topical application of a substance to a human or
animal subject comprising the steps of:

(1) ejecting a predetermined number of discrete droplets
of the substance from at least one droplet ejection
device in response to an actuation signal, and

(2) directing the droplets at a selected area or region of the
subject.

According to a third aspect the invention consists in an
apparatus for administering a substance to a bhuman or
animal subject, said apparatus comprising:

a droplet ejection device containing a substance to be
administered, means responsive to an actuation signal to
eject a predetermined number of discrete droplets of the
substance, and

means for directing the ejected droplets at, or into, the
subject.

The substance to be administered may be a therapeutic or
other physiologically active agent and may be a liquid, a
solution or a suspension for example a colloidal solid in a
liquid carrier or an emulsion.

In preferred embodiments of the invention, the droplet
ejection device (“DED”) device is a piezoelectric device of
the kind used in ink jet printing or is a thermal “bubble jet”
device of the kind used in ink jet printing.

These devices are sometimes referred to as “droplet on
demand” devices. By way of example piezoelectric devices
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4
are broadly described in “Ink-Jet Printing” [M. Doring
Philips Tech Rev 40, 192-198, 1982 No. 7], while thermal
devices are broadly described in “Thermal Ink-Jet Print
Cartridge Designers Guide” (2nd Edition Hewlett Packard),
both incorporated herein by reference.

Briefly, a typical thermal device consists of a liquid-
containing chamber provided with an array of twelve coaxi-
ally divided nozzles and has twelve thin film resistors, a
resistor being located directly behind each nozzle. Each
nozzle supplies a droplet of liquid from the chamber if and
when the comesponding resistor is energized by a short
electrical pulse. The resistors thus function as ejection
means. Within a few microseconds liquid in contact with the
resistor is vapourised and forms a bubble. The vapour
bubble grows rapidly and imparts momentum to liquid
above the bubble. Some of this liquid is ejected as a droplet
from the adjacent nozzle at a velocity typically exceeding 10
meters/second. The ejected volume of liquid is automati-
cally replaced in the chamber from a reservoir by capillary
action or by atmospheric pressure acting on collapsible
reservoir bladder, a piston or the like. Devices of this kind
when used for printing eject a typical drop of about 50
micron diameter at velocities in excess of 10 meters/second
and are capable of drop ejection frequencies of up to several
thousand droplets per second. The piezoelectric device gen-
erates a droplet by means of a pressure wave in the fluid
produced by applying a voltage pulse to a piezoelectric
ceramic which in this device acts as the ejection means. As
with the thermal device, the droplet is ejected through a fine
aperture. The fluid is ejected in the form of a fine droplet
whose velocity depends on the energy contained in the
voltage pulse. In conventional ink jet applications, ejection
velocities in excess of 2 meters/second with droplet diam-
eters of around 150 microns and droplet ejection rates of in
excess of 6,000 droplets per second can be achieved.

Although conventional “droplet on demand” or “droplet
ejection” devices such as used in ink jet printers may be
employed in embodiments of the invention, the droplet
ejection devices for use in the invention preferably differ
from those used for printing. With printheads the ejection
orifices are typically arranged as a rectangular matrix of, for
example, 2x6 or 4x6 orifices the droplets being expelled in
parallel direction from various combinations of orifice to
form characters on a paper moving past the printhead at a
distance of from 0.7 mm to 1.0 mm from the orifice. Droplet
size is chosen to provide optimum print quality and high dot
resolution. For use in the present invention there may be a
smaller or greater number of orifices than used for printing
and there is no need for the orifices to be arranged in a
rectangular matrix with parallel orifice axes. The droplet
ejection orifices may, for example, be arranged in a circle
and/or may be directed at a converging or diverging angle to
the axis of each other. Also for use in the present invention
it is often preferred 1o eject much smaller droplets than are
useful for printing. Additionally, the droplet ejection orifices
may differ in diameter one from another so that the particle
size of the active agent sprayed from the device may be
controlled programmatically by selecting which orifices are
used for droplet ejection and particle size may be varied
from one time interval to another. Because the size of droplet
ejected from the device in response to a predetermined
signal is predetermined for a given liquid and device, and
because the number and frequency of droplets ejected can be
controlled with great precision, it is possible to closely
control the total volume of liquid (dose) delivered in a given
time interval. For example the device might deliver 1,000
droplets of 50 micron diameter in a second. This volume can
in principle be increased or decreased in increments of one
droplet.

VPR Exhibit

2016

Page 174



5,894,841

5

In preferred embodiments of devices according to the
invention the DED is provided with orifices of an aperture
size selected to eject a droplet of less than 10 microns
diameter and, more preferably, of from 1 to 5 microns
diameter. Droplets may be emitted from the DED from a
selected orifice in succession or from a plurality of orifices
simultaneously.

In preferred embodiments the droplet delivery device or
devices may be manually actuated or may actuate in
response to an inhalation detector signal or other signal. The
apparatus is provided with control means programmed to
eject a predetermined number of droplets. The number may
be varied in response to stored data and/or other input
signals and programme logic may control such factors as the
number of droplets ejected in a predetermined time interval,
frequency of droplet ejection, the total number of droplets of
active substance issued within a time period, or the like. The
control means may be programmed to provide many other
desirable functions as hereinafter described.

The means for directing the ejected droplets at or into the
subject may for example be a simple mouth piece provided
with an air inlet, a nasal shroud, face mask or other spray
directing means. The active agent is typically in solution and
is emitted from the DED as a fine spray which may be
combined with air and/or may be heated prior to inhalation.

BRIEF DESCRIPTION OF DRAWINGS

Various embodiments of the invention will now be
described by way of example only and with reference to the
accompanying drawings in which:

FIG. 1 is a schematic part sectional perspective view of
one embodiment of a dispenser (cigarette substitute) accord-
ing to the invention; and

FIG. 2 is a schematic section in an axial plane of the
dispenser of FIG. 1; and

FIGS. 3A, 3B and 3C are graphs showing the dispensation
of an active ingredient (hatched) as a function of inhalation
time in use of the embodiment of FIG. 1, and

FIG. 4 is a schematic perspective view of a second
embodiment of the invention, and

FIG. 5 is a schematic diagram of a third embodiment of
the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference to FIGS. 1 and 2 there is shown a first
embodiment of the invention consisting of a nicotine dis-
penser comprising a cigarette-shaped hollow tubular body 1
comprising connected body parts 2, 3. Body part 2 has a
sidewall 4, a mouthpiece § at or adjacent one end and a
threaded other end 6. A plurality of axially extending slots
7 penetrate side wall 4. Body part 3 is screw threaded at one
end for connection with threaded end 6 of body part 2. Body
part 3 is closed or constricted at the end 9 remote from
mouthpiece 5.

Nicotine in a suitable solvent (for example water) is
provided in a container 10 which is adapted by means of a
spiggot shaped outlet and coupling 11, for fluid connection
to an inlet port 12 of a droplet ejection device 14. In the
present example, device 14 is of the kind used in a bubble
Jet printer and is provided with one or more droplet ejection
orifices 15. Device 14 is controlled by control means 16, for
example a microelectronic circuit or microprocessor means.
Device 14 and control means 16 as well as other electrically-
powered parts are energised by means of a hollow cylindri-
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cal battery 17 via an on-off switch 18 extending through side
wall 14 and operable by the user. When a user inhales at
mouthpiece §, a stream of air “A” is drawn into body 1 via
slots 7, through body part 2, and mouthpiece 5 into the user’s
lungs. Slots 7 may be provided with a damper or the like (not
illustrated) to control airflow or the device may be provided
with a porus plug to control airflow (“draw™) on inhalation
at mouthpiece 5. A pressure sensor 19 detects a change in
pressure in the device due to inhalation or suction at mouth-
piece 5 and issues an actuation signal via cables (not
illustrated) to control means 16. Control means 16 responds
to the actuation signal by issuing an output signal or signals
via cables (not illustrated) to device 14 according to pre-
programmed parameters or algorithms as hereinafter
described. The output or “dose” signal is, or includes, a set
of “eject” signals for example a frain of voltage pulses.
Device 14 responds to the output signal or signals by issuing
a plurality of droplets of nicotine solution from orifices 15
of device 14. The liquid containing nicotine issues from
device 14 as a fine spray of droplets which are entrained in
the inhalation airflow from slots 7 towards mouthpiece 5.
The spray typically comprises fine droplets which tend to
vaporise in the airflow. Optionally, heating means 20 are
provided. In that case the combination of air with nicotine
droplets may be brought into thermally conductive contact
with heating means 20 prior to leaving mouthpiece 5. This
not only produces a sensation on inhalation similar to that
obtained by smoking a combustible cigarette, but also serves
to enhance the vaporisation of active substance droplets in
the gas stream reducing droplet size.

In the embodiment illustrated in FIGS. 1, 2 the active
substance container 10 is a collapsible bladder which is
housed within a protective hollow cylindrical cartridge 21
having an air vent 22. However other forms of container (for
example a cylinder fitted with a piston) could be used.
Cartridge 21 is optional and serves to shield bladder 10.
Container 10 is disposable or replaceable and may be
adapted for fluid communication with inlet 12 of device 14
by means of a threaded, bayonet, or other suitably sealing
connection.

Optionally, battery 17 may be of annular form and
adapted to sleeve cartridge 21 to save space. Heating means
20 may be infrared heating plates or elements, resistance
elements or the like.

Control means 16 desirably comprises a programmable
logic circuit for example a microprocessor together with
associated Read Only Memory (ROM), Read and Write
Memory (RAM), clocks, power supply and the like and is
programmed to control the quantity of nicotine delivered by
the DED upon inhalation, subject to predetermined criteria,

In normal operation of the device a drop of pressure at
mouthpiece § is detected by pressure sensor 19 which issues
a signal indicative of inhalation (“actuation” signal) to
control means 16 (via cables not illustrated). Control means
16 responds by issuing a “dose” signal to device 14 resulting
in a spray of droplets from the device.

The dose signal typically comprises a predetermined set
of drop “eject” signals which causes one or more orifices 15
of device 14 to eject a predetermined number of droplets.
The dose signal may, for example, be a train of pulses (each
pulse being a droplet eject signal) directed serially to one
resistance heater of a thenmal bubble jet device, or may be
a sequence of pulses directed in parallel to a number of such
resistance heaters. Since the volume of a droplet issued from
a selected orifice 15 is predetermined for a given liquid and
orifice, and the number of droplets ejected is controlled by
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the dose signal, the total volume of nicotine-containing
liquid ejected in response to the actuation signal is precisely
determined.

Control means 16 controls the pulse spacing, pulse width,
and pulse frequency of the “dose” signal as well as the
number of pulses or droplet “eject” signals and therefore
determines the time interval during which droplets enter the
inhalation air stream ie. the dose rate. The number of
droplets issued and/or the droplet issue frequency may be
altered by changing data stored in a control memory. Control
means 16 may also be programmed to address specific
resistance heaters so as to emit droplets from selected
orifices which may differ one from another for example in
respect of diameter or orientation.

Control means 16 may also be programmed to provide a
time delay between receipt of an actuation signal indicative
of inhalation from pressure sensor 19 and the issuance ofa
“dose signal”. The time delay may be varied by changing
data stored in a control memory. By controlling the time
delay between the leading edge of an actuation signal and
issue of the dose signal, and by controlling the frequency of
droplet “eject” pulses in the dose signal, the active substance
can, for example, be injected into an inhaled air stream as a
spike near the start (FIG. 3A) or start and end (FIG. 3B) of
an inhalation “puff”, or can be spread over the puff duration
(FIG. 3C), or may be confined to the leading or trailing
portion of a puff. This enables the change in concentration
of nicotine during a puff of a cigarette to be more closely
mimicked.

The control means can also be programmed to prevent a
dose signal from issue until a predetermined “non repeat”
time has elapsed after a preceding dose signal has been
issued, notwithstanding receipt of a inhalation signal. This
provides a minimum delay between successive doses.

The control means may also be provided with means for
counting and storing the total number of dose signals issued
within a predetermined time interval and if the total exceeds
a predetermined limit (for example 30 doses in a 30 minute
period) then the control circuit prevents further dose issue
until a further period (e.g. 1 hour) has elapsed. This limits
the maximum dose issued within an extended period.

In preferred embodiments of the invention the control
means enters a minimum energy drain mode to conserve
battery power if for example more than 5 minutes have
elapsed since an inhalation was detected.

The apparatus of FIG. 1 may optionally be provided with
means for signalling the doses remaining in the device for
example by means of a plurality of LEDs 30 which pro-
gressively extinguish. Each LED may for example corre-
spond to a dose equivalent to smoking one cigarette and the
apparatus might initially store a dose corresponding to one
(or several) packets of cigarettes. Other indicator means e.g.
an LCD display could be used.

In summary the control means allows programmable
control of factors such as:

(1) Predetermined number of droplets of nicotine issued
in a single dose (dose volume).

(2) Frequency of drop issue within a dose (dose rate).

(3) Synchronization of the dose relative to commence-
ment of inhalation.

(4) Injection of dose as a function of time from com-
mencement of inhalation. (Pulse spacing and frequency).

(5) Control of maximum frequency of issue of successive
doses or non repeat time (e.g. successive doses available at
not less than 60 second intervals).
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(6) Control of maximum number of doses available in a
given period i.e. maximum dose rate (€.g. no more than 20
doses available per hour).

(7) Programmed variation of dose from one actuation to
another (e.g. successive reduction in dose to reduce drug
dependence).

(8) Programmed variation from time to time (e.g. dose to
decrease from day to day).

(9) Control of nozzles from which the droplets issue (and
hence spray pattern).

(10) Discrimination for adequacy of inhalation (No dose
unless accompanied by sufficient inhalation air).

It will be apparent from the above that the device can be
programmed in other ways and to perform other functions
by the addition of other sensors—for example temperature
or humidity sensors.

In addition the control means may be provided with
means by which control parameters may be altered or by
which the device may be teprogrammed, for example by
interfacing with a keyboard or an external computer.

As will be appreciated, the microprocessor may be pre-
programmed or may be user-programmable to control the
operation of various DED nozzles, the heater, the airflow or
the like in various other combinations, sequences, Or as
functions of time, temperature, or the like.

Tubular body 1 may be made of any suitable material e.g.
plastics, ceramics, precious metals or the like. Mouthpiece §
may be integral or may be soft-tip, for example of rubber or
plastics cardboard, or paper and may be independently
disposable. The battery may be replaceable or rechargeable.
The dispenser as a whole may be provided as a disposable
item or may be reusable. In the latter case, the product
container and DED device will normally be replaceable or
may be provided as a combined unit. In that case, the body
portion will be separable ¢.g. via screw-threaded or bayonet
coupling into sections to facilitate installation and removal
of the product cartridge and/or battery. The product to be
dispensed may be for example an aqueous solution of
nicotine and may contain additional substances such as
glycols, flavours or essences, for example menthol. The
active substance may be in the form of a gel, melt, solution
or suspension.

If desired, more than one DED 14 may be incorporated
whereby to produce droplet streams of different droplet size
and in this case, one stream may be fully vapourised by
heating plates 20 while a second stream may be directed so
that the user receives the sensation of a wet vapour in
combination with a dry vapour as occurs when smoking
conventional cigarettes.

It is not essential that the spray of active ingredient be
combined with air prior to heating and if preferred the spray
and/or the air may be separately heated and subsequently
combined or the active ingredient may be preheated e.g. by
heating means in thermal communication with storage con-
tainer 10. By selective programming of the controller the
smoking instrument can be adjusted to simulate “light” or
“ultralight” cigarette nicotine levels or can be selectively
adjustable therebetween. In other embodiments the air
intake may be adjusted to vary the air to active substance
ratio thus further to facilitate simulation of the sensation of
smoking different kinds of cigarettes. The invention is of
particular application for assisting those wishing to with-
draw from cigarette smoking being programmable to pro-
gressively reduce the dose of nicotine obtainable. Devices
according to the invention may either be pre-programmed,
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may be provided with simple means enabling the user to
adjust dose within predetermined limits of safety or may be
adapted to be programmed by a user e.g. by connection via
an interface to a computer.

Although use of a battery is preferred other energization
means for example photo cells, may be employed.

It will be understood that the apparatus described may be
provided in a different form, for example with a mouthpiece
which is flexible whereby the body may be held in a different
orientation from the mouthpiece. Similarly the battery need
not be annular and may be of any suitable shape.

With reference to FIG. 4, there is shown another embodi-
ment of the invention intended to dispense a bronchodilator.
Parts in FIG. 4 which correspond in function to parts in FIG.
1 are identified with the same numerals. If the substance to
be dispensed is heat semsitive it is preferred to use a
piezoelectric DED. Disposable cartridge 10 of the embodi-
ment of FIG. 4 contains for example, salbutamol. The
embodiment of FIG. 4 differs from that of FIG. 1 in that the
body is of rectangular cross-section and in that of the shape
and arrangement of components differs.

A further difference is that in the embodiment of FIG. 4
the mouthpiece portion 5 is moveable hingedly between a
storage position “A” in which it is in alignment with the
body (shown in ghost outline in FIG. 4) and an active
position “B” in which it is inclined at an angle to the body
portion.

The mouthpiece may swivel about a swivel pin 40 and the
swivel motion may itself actuate an on/off switch to energize
the electronic control systems 16.

I desired the apparatus may be provided with manual
actuation (e.g. a push-button switch, not illustrated) instead
of a pressure-sensitive switch, to control the operation and
initiate a “actuation” signal.

In cigarette substitute apparatus according to FIG. 1,
droplet sizes of the order of 1-10 micron diameter or more
are acceptable. For pulmonary administration of drugs a
small droplet size is preferred. For this purpose droplet size
distribution is normally described as mass median aerody-
namic diameter (MMAD), with a standard deviation to
indicate the degree of poly dispersity. Particles with
MMAD:>5 micron tend to impact on the delivery system and
do not readily follow respiratory passages.

For practical purposes droplets of below 10 micron diam-
eter and more preferably of below 5 micron diameter are
therefore preferred. If necessary, droplet size can be reduced
after ejection from the DED device by directing droplets at
each other or at a suitable target designed to further fragment
the droplets, or by injecting the droplets into an inhaled
stream in a suitable manner. Optionally heating devices can
be employed to vapourise the liquid and reduce droplet size.

Suitable drugs for delivery by the apparatus described
include, by way of example only, analgesics, peptides and
proteins. Other suitable agents include

(i) B,-bronchodilators—salbutamol, terbutaline sulphate,
fenoterol hydrobromide, pirbuterol, reproterol
hydrochloride, rimiterol hydrobromide, salmeterol
(used extensively for treatment of acute asthma attacks
and in prophylactic asthma therapy).

(ii) Antimuscarinic bronchodilators—Ipratropium
bromide, oxitropium bromide (used in management of
chronic bronchitis). ‘

(iii) Corticosteroids—beclomethasone dipropionate,
budesonide: used in prophylactic asthma therapy.

(iv) Sodium chromoglycate, nedocromil sodium (used in
prophylactic asthma therapy) Antibiotic Therapy:
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(v) Pentamidine isethionate—(antibiotic for the prophy-
laxis and treatment of pneumonia due to Pneumocystis
carinii, a common secondary infection in HIV/AIDS
patients).

Local Action

(vi) Range of proprietary ‘Over the Counter’ nasal decon-
gestant sprays for common cold symptoms,

(vii) Corticosteroids—beclomethasone dipropionate,
betamethasone sodium phosphate, budesonide, flutica-
sone propionate (used in prophylaxis and treatment of
allergic rhinitis).

(viii) Sodium chromoglycate (used in prophylaxis of
allergic rhinitis).

(ix) Anti-infective agents—e.g. dexamethasone,
fusafungine, chlorhexadine hydrochloride (used in
treatment of infection due to nasal staphylococci).

Systemic Action

(x) Nasal administration of peptides related to antidiuretic
hormone—desmopressin, lypressin (used in manage-
ment of diabetes insipidus).

Apparatus for use in dispensing certain drugs may com-
prise programmed control means which issues a predetem-
ined dose into each of a plurality of successive inhalations
and in that case may be provided with a “dose complete”
signal for example via LED 31 to indicate to a user when a
full dose has been dispensed. The dose can be varied
according to the composition being dispensed and the pre-
scription for each user.

With reference to FIG. §, there is shown a further embodi-
ment of the invention which is adapted to dispense an active
substance such as an anaesthetic, antiseptic or a liquid
medication by topical application rather than by inhalation.

In surgery or medical treatment it is sometimes necessary
to apply an anaesthetic, antiseptic or other fluid over a local
area by means of an aerosol sprayed from a pressurised
container. However it is difficult to control the amount and
location of spray application. Moreover the use of CFC
propellant as used in the aerosol is environmentally unde-
sirable.

Parts of FIG. § corresponding in function to parts in the
embodiment of FIG. 1 are identified by the same numerals.

With reference to FIG. § there is shown a dispenser
comprising a pen shaped hollow tubular body 1 assembled
from hollow body parts 2, 3. Body part 2 has a nozzle
opening 25 at one end while body part 3 is closed at the
dispenser end remote from nozzle opening 4. Body parts 2,
3 are separably connected at 6, for example by interengaging
thread formations. A cartridge 10 is sitnated within body 1
and contains a liquid. Cartridge 10 is in fluid communication
with one or more droplet ejector devices 14 via one or more
conduits 11. In the present example DED 14 is a piezoelec-
tric crystal or thermal resistor bubble jet device such as used
in an ink jet print head. Device 14 can be energized from a
battery 17 via an on off control switch 18 adapted for finger
operation while the device is hand held. For example the
device may be held between thumb and middle finger and
may carry a push button switch 18 which is operable by the
first finger. In the embodiment of FIG. § when control 18 is
actuated, device 14 delivers liquid from cartridge 10 as a
spray directed outwardly from the dispenser via nozzle 25.
The duration of the spray is determined by whether the
switch 8 is “on” or “off”’.

In a more highly preferred embodiment of the invention
the volume sprayed per unit time is also be controlled. For
example, the dispenser 1 is provided with one or more
switches 26 (for example touch pad switches) which con-
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dition control means 16 (for example a microprocessor
circuit) which in turn controls a number of bubble jet orifices
15 of device 14 through which spray droplets are emitted
and/or which controls the repetition rate of device 14 and
thus the number of droplets delivered in a unit of time. Thus
the spray rate may be selectively light or heavy depending
on the number of orifices emitting droplets and depending
on the repetition rate of droplet emission.

If the device 14 is provided with a plurality of emitting
orifices which are directed at preselected angles to the axis
of the body, droplets of liquid may be directed in the axial
direction or selectively at predetermined angles to the axial
direction by circuit actuation of a selected jet orifice 15, or
a selected combination of droplet ejection device jet orifices
15. In this manner a spray pattern may be selected by means
of a suitable finger control forming part of a suitable
micro-electric circuit controlling means 16. If all emitting
orifices 15 are directed axially the spray patiern may be
made selectively narrow or broad.

Alternatively control switch 26 may be adapted to select
between a number of predetermined total dose dispensations
or an additional control means may be provided to select
total dose. In such manner, if the cartridge contains for
example a liquid local anaesthetic, a surgeon can select a
preset quantity and spray patiern of local anaesthetic to be
applied during surgery. The surgeon could thus select
between application of a small, medium or large dose, at
each actuation of a switch 26 and could preselect between a
narrow, medium, or broad spray pattern.

If desired the control circuit 16 may be provided with
means to prevent inadvertent excessive use, for example by
limiting the maximum dose of liquid which can be applied
within a prespecified time period.

Also, if desired, the control circuit can be provided with
security locking which overrides the on/off switch. For
example the device might be provided with a programmable
security code and might be incapable of issuing its contents
unless and until a corresponding code is entered by an
intending user.

For this purpose the device may have a plug 28, socket or
transmitter/freceiver which permits the device to interface
with an external computer. The external computer might
then also record data indicative of use, doses issued, user
identification, patient identification, or similar data. The
external computer may also re-enter new data in one or more
memories in the control circuit of the dispenser for example
dose values, time parameters, security codes. This data is
then used in controlling response of the device to actation
by the user.

Other forms of hand control, for example touch sensitive
swilches or rotary switches may be employed instead of
touch pads 26.

Control circuit 26 may utilise digital or analogue control
and may employ a microprocessor, or discrete circuit com-
ponents. In preferred embodiments the circuit includes a
memory, preferably of type which is not erased due to lack
of battery power such as a ramtron chip. The circuit further
desirably includes a display screen such as a single line LCD
27. The circuit may also employ a clock and be able to utilise
and display date and time data and may have a key pad or
equivalent input device or may rely for input upon commu-
pication with an external key pad. The LCD could be used
to display data such as number of remaining doses or time
and date of last dose.

Although the embodiment of FIG. 5 has been described
with reference to dispensation of a liquid it will be appre-
ciated that the material to be dispensed can be in the form of
a gel, colloid, powder suspension or any other form suitable
for dispensation via the device 14.

In a further embodiment of the invention (not illustrated)
the dispenser is provided with a plurality of cartridges or
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chambers each adapted to contain a respective medication in
liquid or solution form. The control means may be pro-
grammed to provide an alarm (for example a beeper or
flashing LED) at predetermined times or at predetermined
times and dates. On next actuation of the device, it then
delivers a predetermined dose of one medication or a
combination or succession of medications each in a respec-
tive predetermined dose.

This embodiment is thus ideally suited for pre-
programmed treatment of persons suffering from dementia
or the like and for persons having to take a number of
different medications each according to a schedule and who
find self-administration confusing.

The device itself prompts the user to accept a dose and
issues the appropriate doses of prescribed medication.

As will be apparent to those skilled in the art, features
described in relation to one of the described embodiments
may be combined with those of another.

Although the control signals have been described as
pulses, those skilled in the art will appreciate that the signals
can take a great variety of forms and may employ voltage or
current signals, AC or DC signals, digital or analogue
signals or the like, as required for operation of the DED
selected. It is not necessary literally to count signals to eject
a predetermined number of droplets and it will be under-
stood that such expediencies as issuing eject signals at a
predetermined frequency for a selected time interval are
considered equivalent and within the scope hereof. Although
the invention has been described in terms of electronic
devices, fluidic devices and non electronic means of control
may be employed.

Those skilled in the printing art will appreciate that with
many DED devices a principal ejected droplet sometimes
has trailing satellite droplets which are very much smaller.
References herein to a predetermined number of droplets
refer to the number of principal droplets ejected, but if
necessary the DED can be calibrated to issue a desired dose
taking account of satellite drops without departing from the
inventive concept hereof. Likewise it will be understood that
the control of liquid viscosity is important and that therefore
the volume of one substance issued in response to a given set
of “eject” signals will not necessarily be the same as for
another substance. However those skilled in the art will have
no difficulty based on the teaching hereof in programming
devices according to the invention to take account of these
factors.

As will be apparent to those skilled in the art from the
description herein contained, the device may be embodied in
other forms or arrangements and using other construction
materials without departing from the scope of the invention
herein disclosed.

I claim:

1. An inhaler, comprising:

an inhaler housing;

a mouthpiece coupled to the inhaler housing;

a dispenser housing defining a dispensing chamber
adapted to house a flowable substance to be inhaled;

a bubble jet ejection device coupled to the dispensing
chamber and including a plurality of dispensing nozzles
and a plurality of heating elements, the plurality of
heating elements creating bubbles of the flowable sub-
stance with sufficient momentum in the dispensing
chamber to create an ejection of a portion of the
flowable substance through at least one of the plurality
of dispensing nozzles; and an actuation sensor coupled
to the bubble jet ejection device, the actuation sensor
generating an actuation signal in response to a detection
of an inhalation to actuate the bubble jet ejection
device.
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2. The inhaler of claim 1, further comprising:

a controller coupled to the bubble jet ejection device.

3. The inhaler of claim 2, wherein the controller includes
a microprocessor.

4. The inhaler of claim 2, wherein the controller includes
a microelectronic circuit.

5. The inhaler of claim 2, wherein the controller includes
a microprocessor coupled to a microelectronic circuit.

6. The inhaler of claim 2, wherein the controller is a
programmable logic circuit.

7. The inhaler of claim 2, wherein the controller is
positioned in the inhaler housing.

8. The inhaler of claim 2, wherein the controller produces
a dose signal in response to the actuation signal.

9. The inhaler of claim 8, wherein the dose signal is
selected from the group of a voltage, current, AC, DC,
digital and analog signal.

10. The inhaler of claim 8, wherein the dispensing cham-
ber ejects the portion of the flowable substance from at least
one of the plurality of dispensing nozzles as droplets.

11. The inhaler of claim 10, wherein the controller pro-
vides an ejection of a redetermined number of droplets in a
selected dose volume.

12. The inhaler of claim 10, wherein the controller pro-
vides a frequency of droplet ejection defining a dose rate.

13. The inhaler of claim 10, wherein the controller pro-
vides a synchronization of an inhalation detection and
initiation of a droplet creation.

14. The inhaler of claim 10, wherein the controller pro-
vides a time spacing and frequency of droplet ejection.

15. The inhaler of claim 10, wherein the controlier pro-
vides a delivery of a controlled volume of droplet ejection
during a selected pericd of time.

16. The inhaler of claim 10, wherein the controller pro-
vides a selection of droplet delivery from at least one of the
plurality of dispensing nozzles.

17. The inhaler of claim 10, wherein the controller pro-
vides a delivery of a predetermined number of droplets.

18. The inhaler of claim 10, wherein the controller pro-
vides a controlled rate of droplet delivery.

19. The inbaler of claim 10, wherein the controller counts
and stores a number of dosage signals for a predetermined
length of time.

20. The inhaler of claim 19, wherein the controller gen-
erates a dosage signal in response to a counting and storage
of the number of dosage signals for the predetermined length
of time.

21. The inhaler of claim 10, wherein the controller pro-
vides a time delay between a receipt of the actuation signal
and an issuance of the dosage signal.

22. The inhaler of claim 10, wherein the controller pro-
vides a dosage complete signal.

23. The inhaler of claim 10, wherein the dosage signal is
a plurality of ejection signals.

24. The inhaler of claim 23, wherein the plurality of
ejection signals is directed serially to a heating element of
the plurality of heating elements.

25. The inbaler of claim 23, wherein the plurality of
ejection signals is directed in parallel to the plurality of
heating elements.

26. The inhaler of claim 23, wherein the plurality of
heating elements includes a plurality of resistors.

27. The inhaler of claim 23, wherein the plurality of
heating elements includes a plurality of thin film resistors.

28. The inhaler of claim 1, wherein each of a dispensing
nozzle of the plurality of dispensing nozzles is coupled to a
heating element of the plurality of heating elements.

29. The inhaler of claim 28, wherein each heating element
is positioned adjacent to a corresponding dispensing nozzle.
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30. The inbaler of claim 10, wherein the droplets are
ejected at a velocity of at least 10 meters/second.

31. The inhaler of claim 10, wherein at least a portion of
the plurality of dispensing nozzles is sized to produce
droplets with diameters of less then 10 microns.

32. The inhaler of claim 10, wherein at least a portion of
the plurality of dispensing nozzles is sized to produce
droplets with diameters of 1 to 5 microns.

33. The inhaler of claim 10, wherein the plurality of
dispensing nozzles are arranged to direct the droplets at a
converging angle.

34. The inhaler of claim 10, wherein the plurality of
dispensing nozzles are arranged to direct the droplets at a
diverging angle.

35. The inhaler of claim 10, wherein at least a portion of
the plurality of dispensing nozzles have different cross-
sectional diameters.

36. The inhaler of claim 10, further comprising:

a battery power source coupled to the bubble jet ejection

device.

37. The inhaler of claim 36, wherein at least a portion of
the battery power source is positioned in the inhaler housing.

38. The inhaler of claim 1, further comprising:

a reservoir chamber coupled to the dispensing chamber.

39. The inhaler of claim 1, wherein the flowable substance
is selected from a liquid, gel, colloid and powder suspension.

40. The inhaler of claim 1, wherein the actuation sensor
is an breath inhalation sensor.

41. An inhaler, comprising:

a dispenser housing defining a dispensing chamber

adapted to house a flowable substance to be inhaled;

a mouthpiece coupled to the dispenser housing;

a bubble jet ejection device coupled to the dispensing
chamber and including a dispensing nozzle and a
heating element, the heating element generating suffi-
cient energy to form bubbles in the dispensing chamber
and effect an ejection of a portion of the flowable
substance through the dispensing nozzle; and

an actuation sensor coupled to the bubble jet ejection
device, the actuation sensor generating an actuation
signal in response to a detection of an inhalation to
actuate the bubble jet ejection device.

42. An inhaler, comprising:

a dispenser housing defining a first dispensing chamber
adapted to house a first flowable substance and a
second flowable substance;

a mouthpiece coupled to the dispenser housing;

a bubble jet ejection device coupled to the dispensing
chamber and including a first dispensing nozzle, a
second dispensing nozzle, a first heating element and a
second heating element, the first heating element gen-
erating sufficient energy to form bubbles in the first
dispensing chamber and effect an ejection of a portion
of the first flowable substance through the first dispens-
ing nozzle, the second heating element generating
sufficient energy to form bubbles in the second dis-
pensing chamber and effect an ejection of a portion of
the second flowable substance through the second
dispensing nozzle; and

an actuation sensor coupled to the bubble jet ejection
device, the actuation sensor generating an actuation
signal in response to a detection of an inhalation to
actuate the bubble jet ejection device.
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1
FLAVOR-GENERATING DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a flavor-generating device
for enjoying inhalation of flavor or for enjoying simulated
smoking, and more particularly, to a flavor-generating
device for generating flavor which is to be inhaled by a user
by heating a liquid. flavor source without relying on com-
bustion.

Various types of flavor-generating devices in which a
flavor material is evaporated by heating for enjoying inha-
lation of flavor have been proposed to date.

For example, Japanese Patent Disclosure (Kokai) No.
3-232481 discloses a typical concept of a conventional
simulated smoking article. In this flavor-generating device,
a rod-like solid flavor material is used, and the flavor or
inhalation target is generated by heating the solid flavor
material with a heating element. In a flavor-generating
device of this type, a large amount of solid flavor material is
wasted where the flavor material is kept continuously
heated. Disadvantageously, where the solid flavor genera-
tion material is heated when a user wishes to inhale the
flavor generated from the flavor material, a large time lag is
generated between the actual inhalation of the flavor by the
user and the generation of the flavor.

A flavor-generating device capable of coping with the
above-noted difficulty is disclosed in, for example, Japanese
Patent Disclosure No. 3-277265. The disclosed device has a
solid flavor material divided into a number of portions,
wherein the divided portions of the solid flavor material are
heated one by one every time a user takes one puff of the
flavor so as to generate the flavor which is to be inhaled by
the user. In this flavor-generating device, the solid flavor
material and the heating element collectively constitute an
integral flavor-generating means. It follows that, after con-
sumption of the flavor material, it is necessary to replace or
discard the heating element together with the flavor material.
This may be expensive and give rise to an environment
problem.

U.S. Pat. No. 4,945,931 discloses a simulated smoking
article using a pressurized aerosol container. In this device,
vanes are rocked in response to the inhaling action of a user
so as to mechanically open the outlet port of the aerosol
container and, thus, to release the aerosol. This prior art also
discloses a modification in which a heating element for
warming the aerosol cooled by the heat of evaporation is
mounted at the outlet port of the aerosol container. In each
of these devices, however, a pressurized aerosol is confined
in the container by a valve which is opened or closed in
response to the inhaling action of the user. It follows that a
large amount of the aerosol may be leaked to the outside
once the valve is opened. In other words, in each of these
prior art articles, it is impossible to release continuously a
predetermined suitable amount of the aerosol every time a
user takes a single puff. Rather, all the pressurized aerosol
tends to be released in two or three inhaling actions of the
user.

BRIEF SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a flavor-generating device which can be driven with
a low energy, which effectively prevents a flavor source from
being wasted, and which permits generating flavor when a
user takes a puff of the flavor, substantially without a time
lag.

Another object of the invention is to provide a flavor-
generating device which can be made small in size and light
in weight.
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According to the present invention, there is provided a
flavor-generating device comprising a chamber having an air
inlet port for introducing the air thereinto and an inhalation
port through which a user inhales a flavor, and defining a gas
passageway between the air inlet port and the inhalation
port; a liquid container for storing a liquid containing a
flavor substance, and maintained at substantially an atmo-
spheric pressure; at least one liquid passageway having a
first end portion which is in a fluid communication with the
liquid and a second end portion which is in a fluid commu-
nication with the gas passageway, for transporting the liquid
from the liquid container to the second end portion by
capillary force; and a heater mounted at the second end
portion of the liquid passageway, for heating and gasifying
or evaporating the liquid transported from the liquid con-
tainer.

In the flavor-generating device of the present invention, a
liquid containing a flavor substance, i.e., a liquid flavor
source, is transported from within a liquid container through
the liquid passageway by a capillary force exerted by the
liquid passageway. Thus, if the preceding liquid flavor
source is gasified or evaporated at the outlet end portion of
the liquid passageway, the succeeding liquid flavor source is
supplied to the outlet end portion of the liquid passageway
by the capillary force. It follows that the flavor-generating
device of the present invention can be driven as a whole at
a low energy. As a result, it is possible to suppress waste of
the flavor source. In addition, the flavor can be generated
when the user takes a puff of the flavor. It should be noted
in particular that the heater can be controlled on the basis of
a signal from a sensor for detecting the inhaling action of the
user, with the result that the flavor can be supplied to the user
with a high stability.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is a sectional view of a flavor-generating device
according to one embodiment of the present invention;

FIGS. 2A to 2C illustrate the operation of the flavor-
generating device shown in FIG. 1;

FIG. 3 is a perspective view showing a modification of the
mechanism for supplying and gasifying a liquid flavor
source according to the invention;

FIG. 4 is a perspective view showing another modifica-
tion of the mechanism for supplying and gasifying a liquid
flavor source;

FIG. § is a perspective view showing still another modi-
fication of the mechanism for supplying and gasifying a
liquid flavor source according to the invention;

FIG. 6 is a perspective view showing still another modi-
fication of the mechanism for supplying and gasifying a
liquid flavor source according to the invention;
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FIG. 7 is a perspective view showing still another modi-
fication of the mechanism for supplying and gasifying a
liquid flavor source according to the invention;

FIG. 8 schematically shows a flavor-generating device
according to another embodiment of the present invention;

FIG. 9 is a cross-sectional view taken along the line
IX—IX of FIG. §;

FIG. 10 is a perspective view showing the mechanism for
supplying and gasifying a liquid flavor source used in the
flavor-generating device of FIG. §;

FIG. 11 is a perspective view showing still another
modification of the mechanism for supplying and gasifying
a flavor source;

FIG. 12 is a perspective view showing still another
modification of the mechanism for supplying and gasifying
a liquid flavor source according to the invention;

FIG. 13 is cross-sectional view taken along the line
XII—XII of FIG. 12;

FIG. 14 is a cross-sectional view showing another
embodiment of the liquid passageway for a liquid flavor
source used in a flavor-generating device according to the
invention; and

FIG. 15 is a cross-sectional view showing still another
embodiment of the liquid passageway for a liquid flavor
source used in a flavor-generating device according to the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

One feature of the present invention resides in that the
transportation of a liquid flavor source from the liquid
container containing the same to the heater site is effected by
the capillary force or capillarity.

In the present invention, the liquid passageway through
which the liquid flavor source is transported by the capillary
force can be constituted by the inner region of at least one
capillary tube, a gap or space between at least two plates
spaced apart from each other in substantially parallel, or an
inter-communicating void or pore structure filled in an
enclosure. The intercommunicating pore structure refers to a
structure having intercommunicating voids or pores through
which the liquid may be elevated from the inlet of the
passageway which is in fluid communication with the liquid
flavor source contained in the liquid container to the outlet
of the passageway by the capillary force. Representative
examples of the structure include open-cell foamed
structure, and bundled fibers, but should not be limited
thereto.

The height from the liquid level of the liquid flavor source
to the outlet of the liquid passageway is a height or vertical
distance within which the liquid flavor source may be
elevated by the capillary force, and is determined by the
properties of the liquid flavor source and the width of the
liquid passageway (the diameter for the capillary tube, the
gap distance for the substantially parallel plates, etc.). When
the passageway is inclined, the height is not the length of the
liquid passageway, but the vertical distance from the liquid
level of the liquid flavor source to the outlet of the liquid
passageway.

The height h can be calculated from the following equa-
tion:

h=2v cos 0/dpg @

where v is the surface tension of the liquid flavor source, 6
is the contact angle of the liquid flavor source with the
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material which constitutes the liquid passageway, d is the
width of the liquid passageway, p is the density of the liquid
flavor source, and g is the gravitational acceleration.

When the liquid passageway is defied by the intercom-
municating pore structure as note above, the equation (1) is
not directly applied. In such a case, the equation (1) can be
applied, using, as d, an average diameter or size of the voids
or pores in the intercommunicating pore structure.

Since the liquid level is lowered due to the gasification or
evaporation, including the gasification by intentional
heating, of the liquid flavor source, it is desirable that the
height be determined taking the possible lowest level of the
liquid flavor source into account. Further, it is preferred that
the inlet of the liquid passageway reach the possible lowest
level of the liquid flavor source in the container.

In the present invention, it is preferred that the liquid level
of the liquid flavor source be under substantially atmo-
spheric pressure because the liquid flavor source is elevated
from the liquid container to the outlet of the liquid passage-
way by the capillary force as noted above. The inside of the
container can be kept under the atmospheric pressure by
providing, at the upper part of the container, a through hole,
such as a pin hole, which communicates with the atmosphere
outside the container.

There will now be described below some of the embodi-
ments of the present invention.

FIG. 1 shows the construction of a flavor-generating
device 10 according to one embodiment of the present
invention. In the device 10, the liquid passageway is con-
stituted by a capillary tube.

As shown in FIG. 1, the flavor-generating device 10
includes a casing 12 made of plastic, metal, ceramic, wood,
etc. The inner space of the casing 12 is partitioned into an
upper chamber 121 and a lower chamber 122 by a partition
wall 13. As will be described herein later, the upper chamber
121 is used as a gas passageway 20 for forming a gaseous
stream of a flavor which is to be inhaled by a user. On the
other hand, the lower chamber 122 is used as a housing for
housing a liquid container 32, a power source 44 and a
control circuit.

An inhalation port holder 14 defining a cylindrical open-
ing is mounted at one side end portion of the upper chamber
121 of the casing 12. A mouth piece 16 having an inhalation
port 22 through which a user inhales a flavor is detachably
inserted into the holder 14. The mouth piece 16, which is
directly taken in the mouth of a user, is made of, for
example, a plastic material or wood. Incidentally, it is
possible to insert a filter into the holder 14 in place of using
the mouth piece 16.

On the other hand, an air intake port 18 for introducing the
air into the upper chamber 121 is formed on the other side
portion of the upper chamber 121. The gas passageway 20
is defined within the upper chamber 121 of the casing 12,
between the air intake port 18 and the inhalation port 22. It
is possible to set the air intake port 18 in a manner to have
an opening area conforming with a predetermined air intake
amount. It is also possible to arrange an adjusting ring (not
shown) having a plurality of openings in a manner to
surround the air intake port 18 of the casing 12. In this case,
the air flow rate into the gas passageway 20 can be adjusted
by adjusting the position of the adjusting ring relative to the
air intake port 18.

A squeeze plate 24 having a squeeze hole 24a formed in
the central portion is arranged within the gas passageway 20
and positioned close to the air intake port 18. The squeeze
hole 24a of the squeeze plate 24 act to regulate or direct the
air introduced from the intake port 18 selectively toward a
outlet portion 36b of a capillary tube 36 described in detail
below.
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The free space between the outlet portion 365 of the
capillary tube 36 and the inhalation port 22 can act as a
cooling chamber 21 which constitutes a part of the gas
passageway. Corresponding to the cooling chamber 21, an
outer air introduction hole 26 is formed through the ceiling
of the upper chamber 121 to permit the outer air to be
introduced into the cooling chamber 21. A gas containing a
flavor, which is formed by the heating of the liquid flavor
source with a heater 42, is mixed with the outer air within
the cooling chamber 21 so as to be cooled and, then, flows
to reach the inhalation port 22. The outer air introduction
hole 26 can be set to have an opening area conforming with
a predetermined outer air introduction amount. It is also
possible to arrange an adjusting shutter 28 having a plurality
of openings in the casing 12 in a manner to surround the
outer air introduction hole 26, as shown in the drawing. In
this case, the amount of the outer air introduced into the
cooling chamber 21 can be adjusted by adjusting the posi-
tion of the adjusting shutter 28 relative to the outer air
introduction hole 26.

Further, a filter (not shown) can be arranged between the
cooling chamber 21 and the inhalation port 22 in a manner
to cover the inhalation port 22. The filter serves to control
the pressure loss to permit the gas containing the flavor to be
inhaled comfortably by a user. The material of an ordinary
tobacco filter such as cellulose acetate or pulp can be used
for forming the filter.

On the other hand, the liquid container 32 housing a liquid
flavor source 34 is fixed within the lower chamber 122 of the
casing 12. The liquid flavor source 34 is housed in the
container 32 in an amount conforming with a plurality of
puffs of a user. The liquid flavor source 34 contains at least
a flavor substance. However, in order to add smoke to the
flavor, it is possible for the liquid flavor source 34 to contain
a substance forming aerosol when heated. As a substance for
forming an aerosol, it is possible to use alcohols, sugars,
water and a mixture of at least two of these materials. The
alcohols used in the present invention include, for example,
glycerin, propylene glycol, and a mixture thereof.

To be more specific, it is possible for the liquid flavor
source 34 to contain extracts from various natural products
and/or components thereof depending on the use of the
flavor-generating device. For example, where the device is
used as a simulated smoking article, it is possible for the
liquid flavor source 34 to contain tobacco components such
as tobacco extracts and a tobacco smoke condensate.

The capillary tube 36 for transporting the liquid flavor
source by the capillary force is inserted within the liquid
container. The capillary tube 36 defines a liquid passageway
37 for the liquid flavor source, and its lower end 36a is
positioned in the vicinity of the bottom of the liquid con-
tainer 32.

In view of the liquid flavor source 34 mentioned above,
preferably the inner diameter of the capillary tube 36 is set
to fall within a range of 0.01 mm and 3 mm, more preferably
a range of 0.05 mm to 1 mm, and particularly preferably 0.1
mm and 0.8 mm.

In order to ensure the transfer of the liquid flavor source
34 by the capillary force, the liquid container 32 is provided
with an opening 33 communicating with the outer atmo-
sphere so as to maintain the inner pressure of the liquid
container 32 at an atmospheric pressure. It is desirable for
the opening 33 to be formed at the highest position of the
container 32 during the ordinary operation of the flavor-
generating device and to have a sufficiently small diameter
so that the liquid flavor source 34 may not leak to the outside
therethrough even if the device is inadvertently turned
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upside down. For example, a pin hole extending through the
wall of the container 32 satisfies the particular requirements
of the opening 33.

The upper end portion of the capillary tube 36 protrudes
into the upper chamber 121 of the casing 12 somewhat
downstream of the squeeze plate 24 and is equipped with the
heater 42 serving to gasify the liquid flavor source 34. In the
embodiment shown in FIG. 1, the heater 42 consists of a
tubular body mounted to the capillary tube 36 and having an
inner diameter equal to that of the capillary tube 36. In other
words, the outlet port 36a of the liquid passageway 36 is
formed by the heater 42 itself. An electric power is supplied
from a power source 44 detachably mounted within the
lower chamber 122 of the casing 12 to the electric heater 42.
It is desirable to use as the power source 44 a DC power
source available on the market such as a primary battery (dry
battery), or a secondary battery (rechargeable battery).
However, it is also possible to use an AC power source as the
power source 44. It is also possible to mount the power
source 44 outside the casing 12 or to mount the power source
44 separately so as to use an electric wire connecting the
power source 44 to the casing 12.

The heater 42 and the power source 44 are driven. under
the control of the control circuit 46 fixed within the lower
chamber 122. To the control circuit 46, a switch 48 for the
heater 42 which can independently turn the heater on, and a
sensor 52 for detecting the inhalation action of a use are
connected. Further, a switch 50 for the on/off operation of
the power source 44 is connected to the power source 44.

The switches 48 and 50 are provided on the outer surface
of the lower chamber 122 of the casing 12.

When the device is not used, operation of the device can
be ceased by turning the power source switch 50 off manu-
ally. Of course, when the device is used, firstly the power
source switch is turned on. Further, the heater switch 48,
when turned on after the power source switch 50 is turned
on, can drive the heater 42 independently of the detection, by
the sensor 52, of the inhalation action of a user. That is, after
the power source 44 is driven, the heater can be made into
a heated state by turning on the heater switch 48. When the
control circuit 46 detects the on state of the heater switch 48,
it ceases the operation of the sensor 52.

Each of the switches 48 and 50 has a mechanism equal to
a general small depression type switch such as a micro limit
switch having an electrical contact.

The sensor 52 for detecting the inhaling action of the user
is arranged within the upper chamber 121 of the casing 12,
and is positioned between the squeeze plate 24 and the
heater 42. It is possible to use as the sensor 52 a general
pressure sensor for detecting a change in the pressure within
the chamber 121 as a change in electrical resistance, as a
change in electrical capacitance or as a piezoelectric elec-
tromotive force, or a rocking vane type sensor for detecting
a gas stream within the chamber 121.

The control circuit 46 serves to start up the heater 42
based on the signal from the heater switch 48 or in accor-
dance with the inhaling action of the user based on the signal
from the sensor 52 so as to gasify the liquid flavor source 34
at the outlet portion 36b of the capillary tube 36. The signal
processing and control are performed within the control
circuit 46 in accordance with, for example, a known analog
control, a two-position control or a combination thereof.

A liquid amount sensor 54 for detecting the remaining
amount of the liquid flavor source 34 is arranged within the
liquid container 32. The sensor 54 may consist of a contact
type sensor serving to detect a change in the electrical
conductivity of the liquid container 32 accompanying a
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change in the remaining amount of the liquid flavor source
34. Also, an electrical display means, e.g., a lamp 56 which
may be constituted by a light emitting diode, is arranged on
the outer surface of the lower chamber 122 of the casing 12
in order to inform the user that the remaining amount of the
liquid flavor source 34 within the liquid container 32 is
small. Each of the liquid amount sensor 54 and the lamp 56
is connected to the control circuit 46 so as to be operated
under control of the control circuit 46.

Also, it is possible to apply an electrical locking to the
device so as to inhibit the inhaling action of the user in
addition to the lighting of the lamp 56 in order to inform the
user that the remaining amount of the liquid flavor source 34
is small. Incidentally, it is also possible to use as the sensor
54 a non-contact type sensor which detects a change in the
remaining amount of the liquid flavor source 34 as a change
in the reflectance of, for example, an ultrasonic wave.

Apouring port 58 for replenishing the liquid flavor source
34 is connected to the liquid container 32. An end portion of
the pouring port 58 is exposed to the outside of the casing
12 so as to permit pouring the liquid flavor source 34 into the
liquid container 32. Usually, a removable cap 59 is provided
in the exposed end portion of the pouring port 58. As
described previously, the liquid container 32 has an inner
volume large enough to store the liquid flavor source 34 in
an amount corresponding to a plurality of puffs of the flavor
enjoyed by the user. However, since the liquid flavor source
34 can be replenished, the flavor-generating device of the
present invention can be used continuously without replac-
ing or exchanging the liquid container 32.

Incidentally, a transparent peeping window (not shown)
can be formed in that portion of the side wall of the casing
12 which corresponds to the liquid container 32 in place of
using the liquid amount sensor 54 in order to observe the
remaining amount of the liquid flavor source 34 within the
liquid container 32. In this case, the liquid container 32 itself
must be formed of a transparent or translucent material.
Naturally, the remaining amount of the liquid flavor source
34 within the liquid container 32 can be observed through
the peeping window so as to find the timing of replenishing
the liquid flavor source 34. It is also possible to employ an
optical system using a prism for observing the remaining
amount of the liquid flavor source 34 within the liquid
container 32.

The flavor-generating device 10 shown in FIG. 1 can
operated as in the following manner, in which the heater
switch 48 is kept turned off.

Specifically, where the device 10 is used for inhaling a
flavor, the power source switch 50 is turned on first by a user.
Then, the mouth piece 16 is taken in the mouth of the user
for the inhaling action through the inhalation port 22. As a
result, an inhaling action signal is transferred from the
sensor 52 to the control circuit 46. Then, under the control
of the control circuit 46, an electric power is supplied from
the power source 44 to the heater 42 so as to turn the heater
42 on.

In this step, the liquid flavor source 34 is already trans-
ported to the outlet port 36a of the capillary tube 36 by the
capillary force of the capillary tube 36 as shown in FIG. 2A.
If the heater 42 is turned on under this condition, the liquid
flavor source 34 within the outlet port 36a is instantly
gasified by the heat generated from the heater 42 as shown
in FIG. 2B so as to be supplied into the gas passageway 20.
Upon gasification of the liquid flavor source 34 within the
outlet port 36a by the heating with the heater 42, the liquid
flavor source 34 is newly supplied from the liquid container
32 into the outlet port 36a of the capillary tube 36 by the
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capillary force of the capillary tube 36, as shown in FIG. 2C.
In this fashion, supply and gasification of the liquid flavor
source 34 are repeated within the outlet port 36a of the
capillary tube 36.

The gasified flavor source is mixed with the main air
introduced through the air intake port 18 and the squeeze
hole 244 into a region around the outlet port 36a of the
capillary tube 36 in accordance with the inhaling action of
the user and, then, the mixture is transferred into the
inhalation port 22. The amount of the air introduced through
the outer air inlet port 26 can be changed during the inhaling
action, if necessary, by controlling the adjusting shutter 28.
It follows that the taste of the air containing a flavor, which
is transferred to the inhalation port 22, can be changed
appropriately in accordance with the preference of the user.

FIGS. 3 to 5 are perspective views each showing a
modification of the mechanism for supplying and gasifying
the liquid flavor source 34.

In the modification shown in FIG. 3, a ring-shaped heater
72 is arranged to cover the outlet port 36a of the capillary
tube 36.

In the modification shown in FIG. 4, a rod-like heater 74
is inserted into the outlet port 36a of the capillary tube 36.

Further, in the modification shown in FIG. 5, a plate-like
heater 76 is inserted into the outlet port 36a of the capillary
tube 36.

Any of these modifications permits producing the par-
ticular function described previously in conjunction with the
embodiment shown in FIG. 1.

FIGS. 6 and 7 are oblique views each showing an addi-
tional modification of the mechanism for supplying and
gasifying the liquid flavor source 34.

In the modification shown in FIG. 6, three capillary tubes
36 are inserted into the liquid container 32. In addition, a
rod-like heater 74 as shown in FIG. 5 is inserted into the
outlet port 36a of each of the capillary tubes 36.

In the modification shown in FIG. 7, three capillary tubes
36 are inserted into the liquid container 32. In addition, a
heater frame 92 is mounted to the outlet ports 36a of these
three capillary tubes 36. To be more specific, the heater
frame 92 is provided with three plate-like heaters 76 as
shown in FIG. 6 in a manner to correspond to the three outlet
ports 36a of the capillary tubes 36. Further, air passageways
94 are formed between adjacent capillary tubes 36 arranged
in the heater frame 94 in a manner to extend in the
longitudinal direction of the capillary tube. Of course, the
particular construction permits sufficiently mixing the gas-
eous flavor substance with the air.

FIG. 8 schematically shows the construction of a flavor-
generating device according to another embodiment of the
present invention. FIG. 9 is an enlarged cross-sectional view
taken along the line IX—IX of FIG. 8. FIG. 10 is a
perspective view showing the liquid passageway and the
heater together with the liquid container used in the device
of FIG. 8. The same or similar members of the device as in
FIG. 1 are denoted by the same reference numerals and the
detailed explanation thereof is omitted in the following
description.

In the device 100 shown in FIG. 8, the upper chamber 121
and the lower chamber 122 constitutes separate chamber
unlike the device shown in FIG. 1 wherein one casing is
partitioned by the partition wall 13 into the two chambers.
The lower chamber 122 has an inclined upper wall. The
upper chamber 121, which has a hollow cylindrical shape
closed at one end (lower end), is provided on the lower
chamber 121 along the inclined upper wall of the lower
chamber 122. Thus, the upper chamber 121 is correspond-
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ingly inclined as a whole. The lower chamber 122 is
partitioned by a partition wall 131 into an upper sub-
chamber 1224, which houses the control circuit 46, and a
lower sub-chamber 122b, which houses the electric power
source 14. In the device shown in FIG. 8, the electrical
connections are essentially the same as those in the device
shown in FIG. 1, and thus are not shown in FIG. 8.

The air intake port 18 like one shown in FIG. 1 is provided
at the closed end (lower end) of the upper chamber 121. A
mouthpiece 161 may be detachably inserted directly, i.c.,
without through a holder, into the open end portion (upper
end portion) of the upper chamber 121. The mouthpiece 161
has on its periphery a protrusion 161a for engaging with the
open end edge so as to prevent a further insertion thereof
into the upper chamber 121. A mouthpiece sensor 101 is
provided on the upper wall of the upper chamber 121 for
detecting the sufficient insertion of the mouthpiece 161.
Such a position sensor 101 is known per se. Further, a filter
102 may be inserted into the mouthpiece 161 over the region
from the position corresponding to the protrusion 161a to
the proximal end of the mouthpiece 161, i.e. inhalation
portion of the mouthpiece 161, as shown in FIG. 8.

Further, a small exchangeable liquid container 3:2 con-
taining the liquid flavor source and having an opening (not
shown) like the opening 33 in FIG. 1 is arranged in the upper
chamber 121 so as not to clog the air intake port 18. A liquid
passageway 371 for the liquid flavor source is provided in
fluid communication with the liquid flavor source 34 in the
container 32. In the device shown in FIG. 8, the liquid
passageway 371 is defined between two substantially par-
allel plates spaced apart from each other. The distal end
portion (the outlet portion of the liquid flavor source) of the
liquid passageway 371 is heated by plate-like heaters 421
and 422 mounted to the plate 361 and 362, respectively.

More specifically, as shown in FIG. 10, the two plates 361
and 362 are arranged in substantially parallel, and space
apart from each other with a distance sufficient for the
capillary force to be exerted therebetween. The distance is
preferably 0.01 mm to 2.0 mm. In the embodiment shown in
FIG. 10, the plate heaters 421 and 422 have the same
thickness as the plates 361 and 362, respectively, and are
spaced apart with the same distance as in the plates 361 and
362. Thus, in this case, the outlet portion of the liquid
passageway 371 is constituted by the heaters 421 and 422.

It should be noted in the present invention that the liquid
passageway defined by the substantially parallel plates is
fluid-tightly sealed at its sides by a sealing material (not
shown) such as a plastic film or a metal foil so as to prevent
the leakage or the evaporation of the liquid flavor source
from the sides of the plates.

Returning to FIG. 8, that portions of the plates including
the heaters which protrude from the container 32 are sur-
rounded by a cylindrical body 103 spaced apart from the
plates with a predetermined distance. The cylindrical body
103 has a flange at its lower end portion. The flange 103a
engages with the inner peripheral wall of the upper chamber
121. As shown in FIG. 9, the cylindrical body may have a
rectangular cross section, and defines an air passageway 104
between it and the plates. The air passageway (air guiding
path) 104 guides, along it, the air introduced by the inhala-
tion action of the user from the air intake port 18 provided
at the closed end edge of the upper chamber 121. The
introduced air embraces or surrounds the gasified liquid
flavor source at the outlet portion of the liquid passageway
371, and is directed toward the inhalation port by the air
passageway 104. Thus, the gasified flavor source does not
tend to be condensed or deposited on the inner wall of the
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upper chamber 121, and if any, the gasified flavor source is
condensed or deposited on the inner wall of mouthpiece 161.
Therefore, the deposited flavor source can be removed from
the device by cleaning or exchanging the mouthpiece.
Further, by providing the air guiding path 104 which can
direct the air locally or selectively to the gasified flavor
source at the outlet portion of the liquid passageway, an
aerosol formation efficiency can be more enhanced when the
liquid flavor source contains the aerosol generation material,
since the mixing of the gasified flavor source with the air and
the cooling of the gasified flavor source thereby can be
simultaneously effected efficiently by means of the air
stream passing through the air guiding path 104.

Incidentally, it is possible to provide an air flow rate-
adjusting dial 105, which is known per se, arranged down-
stream of the cylindrical body 103 and upstream of the liquid
container 32. By means of the air flow rate-adjusting dial
105, the user can set the air flow rate and hence the suction
resistance in accordance with the user’s preference. Further,
a display mechanism 106 for indicating the remaining
amount of the power source 44 connected to the control
circuit may be provided as shown in FIG. 8.

FIG. 11 is a perspective view illustrating a modification of
the mechanism for supplying and gasifying the liquid flavor
source shown in FIG. 10. In FIG. 11, plate heaters 423 and
424 are provided in the opposing surface regions of the
plates 361 and 362 defining the liquid passageway therebe-
tween.

FIG. 12 is a perspective view showing still another
modification of the mechanism for supplying and gasifying
a liquid flavor source used in the device according to the
invention. FIG. 13 is a cross-sectional view taken along the
line XIII—XIII of FIG. 12. In the mechanism shown in FIG.
12, the two plates 361 and 362 and the two plate heaters 421
and 422, like the ones shown in FIG. 10, which define the
liquid passageway 371 in fluid communication with the
liquid flavor source in the container 32 penetrate the periph-
eral wall of the upper chamber 121 from below the upper
chamber into the inside the upper chamber 121. One end of
the upper chamber 121 is closed, and an air passageway 201
which communicates with the outer atmospheric air outside
the upper chamber 121. As shown in FIG. 13, the air
passageway 201 is formed along the outer contour of the
heaters 421 and 422, and consists of a laterally elongated
upper passageway portion 201a having a length slightly
larger than the width of the plates 361 and 362, side
passageway portions 201b and 201c¢ which are connected to
the upper portion 201a at its both end and extend to the
positions corresponding to the lower ends of the heaters 421
and 422. The passageway 201 can produce the same or
similar effects noted above as those which the air passage-
way 104 shown in FIG. 9 or 8 produces.

FIG. 14 is a cross-sectional view showing another
embodiment of the liquid passageway for a liquid flavor
source used in a flavor-generating device according to the
invention. In this case, a liquid passageway 372 is consti-
tuted by the intercommunicating pore structure 302 filled in
an enclosure 301, as mentioned ecarlier. The enclosure 301
may be provided by a tube, or two plates arranged spaced
apart from each other wherein the both sides are sealed. In
this embodiment, a heater or heaters (not shown) may be
arranged as in FIG. 1, 10 or 11. Further, as shown in FIG. 15,
the intercommunicating pore structure 302 may protrude
from the enclosure 301. In such a case, a heater 425 can be
provided on the protruded end of the intercommunicating
pore structure 302.

FIG. 15 is a cross-sectional view showing still another
embodiment of the liquid passageway for a liquid flavor
source used in a flavor-generating device according to the
invention.
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In order to facilitate the understanding of the present
invention, the features of the present invention are described
with reference to some embodiments and modifications of
the present invention. However, these features can be com-
bined appropriately depending on the object of the flavor-
generating device. In other words, the present invention can
be worked in various modes other than the embodiments
shown in the drawing within the technical scope of the
present invention.

As described above, the present invention provides a
flavor-generating device, which can be driven with a low
energy, which permits preventing the liquid flavor source
from being wasted, and which permits generating a flavor
substance when a user takes a puff of the flavor substance.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A flavor-generating device comprising:

a chamber having an air inlet port for introducing the air
thereinto and an inhalation port through which a user
inhales a flavor, and defining a gas passageway
between the air inlet port and the inhalation port;

a liquid container for storing a liquid containing a flavor
substance, and maintained at substantially an atmo-
spheric pressure;

at least one liquid passageway having a first end portion
which is in a fluid communication with the liquid and
a second end portion which is in a fluid communication
with the gas passageway, for transporting the liquid
from the liquid container to the second end portion by
capillary force, the capillary force being created pre-
dominantly by the attraction between the liquid con-
taining a flavor substance and an interior of the liquid
passageway; and

a heater mounted at the second end portion of the at least
one liquid passageway, for heating and gasifying the
liquid transported from the liquid container, the heater
heating and gasifying said liquid while it is disposed in
said second end portion, thereby forming a gaseous
stream of said liquid exiting said second end portion
into said chamber for inhalation through said inhalation
port.

2. The device according to claim 1, wherein said at least

one liquid passageway includes at least one capillary tube.

3. The device according to claim 1, wherein said at least

one liquid passageway includes at least one pair of substan-
tially planar elements spaced apart from each other.
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4. The device according to claim 1, wherein said at least
one liquid passageway includes an intercommunicating pore
structure filled in an enclosure.

5. The device according to claim 1, wherein said heater is
mounted at the tip end of the at least one liquid passageway.

6. The device according to claim 1, wherein said at least
one liquid passageway includes a plurality of liquid
passageways, each passageway including a capillary tube
equipped with a heater.

7. The device according to claim 1, further comprising
detecting means for detecting the inhaling action of a user;
and control means for controlling the heater such that said
heater is driven upon inhaling action of the user.

8. The device according to claim 1, wherein said air
passageway is formed to permit the air to be introduced
selectively toward the second end portion of the at least one
liquid passageway.

9. The device according to claim 1, wherein said liquid
container is exchangeably mounted.

10. The device according to claim 2, wherein said at least
one capillary tube has a diameter of between about 0.01 mm
and 3 mm.

11. The device according to claim 10, wherein said at least
one capillary tube has a diameter of between about 0.05 mm
and 1 mm.

12. The device according to claim 2, wherein said liquid
container has an opening for access by said at least one
capillary tube into said container, and an opening exposed to
ambient atmospheric pressure, the opening to ambient atmo-
spheric pressure allowing atmospheric pressure to be main-
tained within said container.

13. The device according to claim 2, wherein said heater
includes an annular element disposed at the second end
portion of each at least one capillary tube.

14. The device according to claim 2, wherein said heater
is a cylindrical element.

15. The device according to claim 2, wherein said heater
includes at least one planar element, one planar element
extending across a diameter of each said at least one
capillary tube.

16. The device according to claim 6, further comprising a
heater frame partially surrounding the second end portion of
each of said plurality of capillary tubes.

17. The device according to claim 3, wherein the space
between each said pair of substantially planar elements is
partially closed by a film placed on sides of the planar
elements, with the second end of the at least one liquid
passageway remaining open.

18. The device according to claim 3, wherein the heater
includes heating elements provided on opposed faces of
each said at least one pair of substantially planar elements.
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AEROSOL GENERATOR AND METHODS OF
MAKING AND USING AN AEROSOL
GENERATOR

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates generally to aerosol genera-
tors and, more particularly, to aerosol generators able to
generate aerosols without compressed gas propellants and
methods of making and using such aerosol generators.

Aerosols are useful in a wide variety of applications. For
example, it is often desirable to treat respiratory ailments
with, or deliver drugs by means of, aerosol sprays of finely
divided particles of liquid and/or solid, e.g., powder,
medicaments, etc., which are inhaled into a patient’s lungs.
Aerosols are also used for purposes such as providing
desired scents to rooms, applying scents on the skin, and
delivering paint and lubricant.

Various techniques are known for generating acrosols. For
example, US. Pat. Nos. 4,811,731 and 4,627,432 both
disclose devices for administering medicaments to patients
in which a capsule is pierced by a pin to release a medica-
ment in powder form. A user then inhales the released
medicament through an opening in the device. While such
devices may be acceptable for use in delivering medica-
ments in powder form, they are not suited to delivering
medicaments in liquid form. The devices are also, of course,
not well-suited to delivery of medicaments to persons who
might have difficulty in generating a sufficient flow of air
through the device to properly inhale the medicaments, such
as asthma sufferers. The devices are also not suited for
delivery of materials in applications other than medicament
delivery.

Another well-known technique for generating an aerosol
involves the use of a manually operated pump which draws
liquid from a reservoir and forces it through a small nozzle
opening to form a fine spray. A disadvantage of such aerosol
generators, at least in medicament delivery applications, is
the difficulty of properly synchronizing inhalation with
pumping. More importantly, however, because such aerosol
generators tend to produce particles of large size, their use
as inhalers is compromised because large particles tend to
not penetrate deep into the lungs.

One of the more popular techniques for generating an
aerosol including liquid or powder particles involves the use
of a compressed propellant, often containing a chloro-
fluoro-carbon (CFC) or methylchloroform, to entrain a
material, usually by the Venturi principle. For example,
inhalers containing compressed propellants such as com-
pressed oxygen for entraining a medicament are often oper-
ated by depressing a button to release a short charge of the
compressed propellant. The propellant entrains the medica-
ment as the propellant flows over a reservoir of the medi-
cament so that the propellant and the medicament can be
inhaled by the user. Since the medicament is propelled by
the propellant, such propellant-based arrangements are well-
suited for those who might have difficulty inhaling.
Nonetheless, aerosols generated by propellant-based
arrangements have particles that are too large to ensure deep
lung penetration.

In propellant-based arrangements, however, a medica-
ment may not be properly delivered to the patient’s lungs
when it is necessary for the user to time the depression of an
actuator such as a button with inhalation. Moreover, such
arrangements tend to be poorly suited for delivery of mate-
rials in large quantities. Although propellant-based aerosol
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generators have wide application for uses such as antiper-
spirant and deodorant sprays and spray paint, their use is
often limited because of the well-known adverse environ-
mental effects of CFC’s and methylchloroform, which are
among the most popular propellants used in aerosol genera-
tors of this type.

In drug delivery applications, it is typically desirable to
provide an aerosol having average mass median particle
diameters of less than 2 microns to facilitate deep lung
penetration. Most known aerosol generators are incapable of
generating aerosols having average mass median particle
diameters less than 2 to 4 microns. It is also desirable, in
certain drug delivery applications, to deliver medicaments at
high flow rates, e.g., above 1 milligram per second. Most
known aerosol generators suited for drug delivery are inca-
pable of delivering such high flow rates in the 0.2 to 2.0
micron size range.

U.S. Pat. No. 5,743,251, which is hereby incorporated by
reference in its entirety, discloses an aerosol generator, along
with certain principles of operation and materials used in an
aerosol generator, as well as a method of producing an
aerosol, and an aerosol. The aerosol generator disclosed
according to the "251 patent is a significant improvement
over earlier aerosol generators, such as those used as inhaler
devices. It is desirable to produce an aerosol generator that
is portable and easy to use.

According to one aspect of the present invention, an
aerosol generator includes a tube having a first and a second
end, a heater arranged relative to the tube for heating at least
a portion of the tube, a source of material to be volatilized,
the second end of the tube being in communication with the
source of material, and a valve operatively located between
the source of material and the tube, the valve being openable
and closeable to open and close communication between the
source and the first end of the tube. A pressurization arrange-
ment is provided for causing material in the source of
material to be introduced into the tube from the source of
material when the valve is in an open position. A source of
power is provided for operating the heater and for the valve,
and a control device is provided for controlling supply of
power from the source of power to the heater and the valve.

According to a further aspect of the present invention, a
method of making an aerosol generator is disclosed. Accord-
ing to the method, a heater is arranged relative to a tube for
heating of the tube, the tube having first and second ends.
The second end of the tube is connected to a source of
material to be volatilized. An openable and closeable valve
is provided between the source of material and the tube. A
pressurization arrangement is provided for causing material
in the source of material to be introduced into the tube from
the source of material when the valve is in an open position.
The valve is connected to a source of power for opening and
closing the valve. The heater is connected to the source of
power. The source of power is connected to a control device
for controlling a supply of power from the source of power
to the heater and the valve.

According to yet another aspect of the present invention,
a method of using an aerosol generator is disclosed. Accord-
ing to the method, a first signal, indicative of a user’s
intention to use the aerosol generator, is provided to a
control device. With the control device and in response to
the first signal, a second signal is sent to a source of power
to cause the source of power to open an openable and
closeable valve, the valve being disposed between a source
of material to be volatilized and a tube, opening of the valve
permitting material from the source of material to flow from
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the source of material and into the tube. Material from the
source of material is caused to flow from the source of
material and into the tube. With the control device and in
response to the first signal, a third signal is sent to the source
of power to supply power to a heater disposed relative to the
tube to heat the tube. Material from the source of material is
heated in the tube with the heater to a vaporization tem-
perature such that the material volatilizes and expands out of
an open end of the tube.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention are
well understood by reading the following detailed descrip-
tion in conjunction with the drawings in which like numerals
indicate similar elements and in which:

FIG. 1 is a schematic, partially broken, side view of an
aerosol generator according to an embodiment of the present
invention;

FIG. 2 is a logic diagram of powered components of an
aerosol generator according to an embodiment of the present
invention;

FIG. 3 is a schematic, partially broken, side view of an
aerosol generator according to a second embodiment of the
present invention;

FIG. 4 is a schematic, partially broken, side view of an
aerosol generator according to a third embodiment of the
present invention;

FIG. 5 is a schematic, partially broken, side view of an
aerosol generator according to a fourth embodiment of the
present invention;

FIGS. 6 A—6C show steps according to a method, accord-
ing to a further aspect of the present invention, of manu-
facturing an aerosol generator according to the fifth embodi-
ment of the present invention.

DETAILED DESCRIPTION

An aerosol generator 21 according to the present inven-
tion is shown in FIG. 1. The principles of operation of the
aerosol generator 21 and, where applicable, materials used
in the aerosol generator are preferably similar to the prin-
ciples of operation and materials used in the aerosol gen-
erator disclosed in U.S. Pat. No. 5,743,251, which is hereby
incorporated by reference in its entirety.

A preferred application for the aerosol generator 21 is as
an inhaler device, such as an inhaler for medicaments, such
as asthma medication and pain killers. The aerosol generator
21 preferably includes a first component 23, which prefer-
ably includes, for example, the material to be turned into an
aerosol and which is preferably disposable after one or a
predetermined plurality of uses, removably attached to a
second component 25, which preferably includes, for
example, power source and logic circuitry structures and
which is preferably permanent in the sense that it is reusable
with successive ones of the first components. The first and
second components 23 and 25 can be attachable to one
another in end to end or side by side relationships. If desired
or necessary, however, the aerosol generator can be a
one-piece device.

The first component 23 preferably includes a tube 27
having a first and a second end 29, 31, and a heater 33
arranged relative to the tube for heating the tube. A valve 35
is provided either on the tube 27 or between the second end
31 of the tube and a source 37 of material, the valve
preferably being openable and closeable to open and close
communication between the first end 29 of the tube and the
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source of material. The valve 35 may define the second end
31 of the tube. The valve 35 is preferably electronically
openable and closeable, preferably a solenoid-type valve.
The first component 23 preferably further includes the
source 37 of material to be volatilized. The first component
23 preferably also includes a pressurization arrangement 39
for causing material in the source 37 of material to be
introduced into the tube 27 from the source of material when
the valve 35 is in an open position.

The second component 25 is preferably attachable and
detachable to the first component 23 and includes a source
41 of power for the heater 33 and for the valve 35, and a
control device 43, such as a microchip, for controlling
supply of power from the source of power to the heater and
the valve. The source 41 of power is preferably a battery,
more preferably a rechargeable battery, however, the source
of power may, if desired or necessary, be a non-depleting
source of power, such as a conventional power line. Inter-
national Publication No. WO 98/17131 discloses a power
controller and a method of operating an electrical smoking
system that discloses a power source and a control device,
particularly for heaters, the principles of operation and
features of which are transferrable to the present invention,
and is hereby incorporated by reference.

General operation of the aerosol generator 21 involves a
user providing a signal, such as by compressing a button or
performing some other action such as inhaling near the first
end 29 of the tube 27 to actuate a flow sensing detector or
a pressure drop sensing detector, which is received by the
control device 43. In response to the signal, the control
device 43 preferably controls the supply of power from the
power source 41 such that the valve 35 is opened and power
is supplied to the heater 33 to cause it to heat up to its desired
operating temperature. It may be desired or necessary,
depending upon the application and the equipment
employed, to open the valve 35 before or after supplying
power to the heater 33.

Upon opening the valve 35, the pressurization arrange-
ment 39 causes material in the source 37 of material to be
introduced into the tube 27. The material in the tube 27 is
heated to a vaporization temperature in the tube, volatilizes,
and expands out of the free first end 29 of the tube. Upon
exiting the tube 27, the volatilized material contacts cooler
air and condenses to form an aerosol. Preferably, after a
predetermined period of time, the control device 43 auto-
matically closes the valve 35 and shuts off the supply of
power to the heater 33. After one or a plurality of uses, the
first component 23 is preferably separated from the second
component 25 and is disposed of, and a new first component
is attached to the second component for further use.

Because presently preferred applications for the aerosol
generator 21 include use as an inhaler, the aerosol generator
is preferably as small as possible. The valve 35 is preferably
a microvalve. More preferably, the valve 35, the heater 33,
and the tube 27 are a single micoelectronic machine formed
on a single chip. To the extent that other components of the
aerosol generator 21 disclosed in the present application are
subject to production as microelectronic devices, they may
also be formed on a single chip with the valve 35, the heater
33, and the tube 27, or on another chip.

According to the preferred embodiment, the source 37 of
material includes a flexible container 45, and the pressur-
ization arrangement 39 includes a chamber 47 in which the
flexible container is disposed. A pressurized gas G is pref-
erably sealed in the chamber 47 and surrounds the flexible
container 45. The pressurization arrangement 39 is prefer-
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ably a so-called sepra container of the type used for
dispensing, for example, gel shaving creams, caulking
compounds, and depilatories, although other pressurization
arrangements for delivering the material, such as propellants
and manual or automatic pumps, may be used if desired or
necessary. The sepra container pressurization system is
particularly preferred, however, particularly due to its capac-
ity for resistance to surrounding temperature variations, as
well as to variations in pressure of the gas G because the gas
is not depleted. When it is desired to dispense material from
the source 37 of material, and the valve 35 is opened, the
pressure of the gas G, which is preferably about two
atmospheres (about 30 psi) greater than ambient pressure,
compresses the flexible container 45, causing material to
enter the tube 27 through the second end 31 of the tube in
communication with the source of material. A preferred gas
G is nitrogen because of its ready availability and compara-
tively low cost, although various other gases are also suit-
able and may be preferred for particular applications.

Displacement of material from the flexible container 45
means that there is more room in the chamber 47, which
means that the gas G enclosed in the chamber occupies a
greater volume. Preferably, the size of the flexible container
45 relative to the size of the chamber 47 is selected such that
pressure of the gas G is about ten percent lower when the
flexible container is empty than when the flexible container
is full.

A pressure sensor 48 may be provided to sense the
pressure of the gas G in the chamber 47. As seen in FIG. 2,
the pressure sensor 48 is preferably arranged to send a signal
representative of the pressure in the chamber 47 to the
control device 43. The control device 43, in turn, is prefer-
ably arranged to control the power source 41 to adjust a
length of time that power is supplied to the valve 35, and if
desired or necessary, to the heater 33, in response to the
signal from the pressure sensor. In this way, pressure drops
in the chamber 47, which may result in a decrease in the rate
at which material in the flexible container 45 is dispensed,
can be compensated for by dispensing material for some-
what longer periods of time, i.e., by keeping the valve 35
open longer and, if desired or necessary, maintaining a
supply of power to the heater 33.

A signal to the control device 43 to supply power to the
valve 35 and the heater 33 and, where provided, other
features of the aerosol generator 21, is preferably provided
by a user of the aerosol generator. While the signal may be
provided by, for example, pressing a button, turning a knob,
or switching a switch, a preferred arrangement for providing
a signal is based on a user causing some manner of air flow
in the proximity of the free first end 29 of the tube 27, such
as by inhaling on a mouthpiece section 49 of the aerosol
generator. The aerosol generator 21 preferably includes an
air flow detecting device 51 for determining when a prede-
termined air flow rate exists proximate the first end 29 of the
tube 27. The air flow detecting device 51 is preferably
arranged to send a signal to the control device 43 to indicate
that the predetermined air flow rate exists, which may be
indicative that a user is drawing on the open end 53 of the
mouthpiece 49 section, and the controller is preferably
arranged to control the power source to supply power to the
valve 35 and the heater 33, and any other components, in
response to the signal from the air flow detecting device. As
seen in FIG. 1, the air flow detecting device 51 is preferably
disposed transversely to and upstream of the first end 29 of
the tube 27 so that the air flow detecting device will assist
in ensuring that an adequate supply of air flow exists to
produce and effectively deliver an aerosol from the volatil-
ized material as it expands out of the first end of the tube.
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Where the aerosol generator 21 is a multi-piece device,
the air flow detecting device 51 is preferably permanently
attached to the second component 25 and is, thus, preferably
a permanent component, i.e., it is not disposed of. If desired
or necessary, however, the air flow detecting device 51 can
be a disposable component forming part of the first com-
ponent 23 and can be removably connected, such as through
an electrical connection, to the control device 43.

The mouthpiece section 49 preferably has an open end 53.
The tube 27 is preferably disposed in the mouthpiece section
49 and the first end 29 of the tube is preferably disposed
inside of the mouthpiece section at a distance from the open
end 53 to permit complete mixing of volatilized material
expanding out of the first end of the tube with surrounding
air to form an aerosol. To ensure an adequate supply of air
for mixing with the volatilized material, as well as to ensure
an adequate supply of air for permitting a user to draw on the
mouthpiece section and actuate the air flow detecting device
51, the mouthpiece section 49 preferably has a plurality of
vent holes 55. To facilitate the flow of air past the first end
29 of the tube 27 and thereby facilitate formation of an
aerosol, the first end of the tube is preferably disposed in the
mouthpiece section 49 between the vent holes 55 and the
open end 53 of the mouthpiece section. The vent holes 55 are
preferably located relative to the tube 27, preferably close to
the end 29, such that air passing through the vent holes has
no or minimal cooling effect on the tube. The tube 27 may,
of course, be insulated from air flowing through the vent
holes 55, such as by providing insulation material or a
concentric tube 56 (shown in phantom) or the like around the
tube to channel air away from the tube.

As an alternative to, or in addition to, using an air flow
detecting device 51 to send a signal to the control device 43,
as seen in FIG. 2 in phantom, a pressure drop detecting
device 57 for determining when a predetermined pressure
drop occurs proximate the first end 29 of the tube 27 may be
used. The pressure drop detecting device 57 is preferably
arranged to send a signal to the control device 43 to indicate
that the predetermined pressure drop is occurring, which
may be indicative of a user drawing on the open end 53 of
the mouthpiece section 49, and the control device is
arranged to control the power source 41 to supply power to
the valve 35 and the heater 33, and any other electrically
powered components, in response to the signal from the
pressure drop detecting device.

A suitable pressure drop detecting device is a puff-
actuated sensor in the form of a Model 163PC01D35 silicon
sensor, manufactured by MicroSwitch division of
Honeywell, Inc., Freeport, Ill., or an SLP004D 0-4" H,O
Basic Sensor Element, manufactured by SenSym, Inc.,
Milpitas, Calif. Other known flow-sensing devices, such as
those using hot-wire anemometry principles, are also
believed to be suited for use with the aerosol generator 21.
The use of an air flow detecting device 51, as compared to
a pressure drop detecting device, is presently preferred for
inhaler-type applications because it is anticipated that an air
flow detecting device will be easier for users to actuate as
compared to a pressure drop detecting device.

Presently anticipated applications for the aerosol gener-
ating device 21 include drug delivery applications. For such
applications, as well as in other applications to which the
aerosol generating device 21 might be applied, the control
device 43 may include a timer 59 for controlling a frequency
with which the control device controls the power supply 41
to supply power to the valve 35 and the heater 33 and other
components. In this way, the aerosol generating device 21
can automatically limit the frequency with which a user can
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operate the aerosol generating device, thereby facilitating in
preventing accidental misuse and overdosages. Moreover, to
assist caregivers in treating their patients, the aerosol gen-
erator 21 can be associated with a remote control device 61
remote from the control device 43. The remote control
device 61 is preferably capable of adjusting the timer 59 to
adjust the frequency with which the control device 43
controls the power supply 41 to supply power to the valve
35 and the heater 33, and other components. In this way,
when a caregiver desires to increase or decrease the fre-
quency with which the user is able to operate the aerosol
generator, the caregiver can do so in situations where the
caregiver and the user are separated by some distance. In this
way, users who might otherwise be required to personally
see their caregivers to have their treatment schedules
adjusted have greater mobility.

The control device 43 and, if provided, the remote control
device 61, may also be configured to permit adjustment or
remote adjustment of other powered components of the
aerosol generator 21, such as the length of time that the valve
35 is open, and the length of time that power is supplied to
the heater from the power source 41. In this manner, it is
possible to adjust dosages up or down, as well as to adjust
operating conditions of the aecrosol generator 21 to maintain
the same operation where, for example, pressure of the gas
G in the chamber 47 drops or the rate at which power is
supplied from the power source 41 reduces, such as where
the aerosol generator is used in different temperatures,
material in the flexible container 45 is used up, or the charge
of a battery forming the power source diminishes.

The timer 59 of the control device preferably is associated
with an indicator 63, such as a beeper or light forming part
of the timer or, for example, electrically connected to the
timer, for indicating that the control device 43 is available to
control the power supply 41 to supply power to the valve 35
and the heater 33 and other components. Where, for
example, the aerosol generator 21 is used to dispense
medication, the indicator 63 serves to remind the user that it
is time for the medication. The indicator 63 may also, if
desired or necessary, be operable by the remote control
device 61. The indicator 63 may also be used to indicate to
a user a length of time since the aerosol generator 21 was
actuated, such as where the aerosol generator is used as an
inhaler, and the user is supposed to hold his or her breath for
a length of time after inhaling, with the indicator 63 indi-
cating when a period of time has elapsed.

The aerosol generator 21 may also include a display
device 65, such as an LCD display, for displaying informa-
tion such as a number of times that the control device 43
controls the power supply 41 to supply power to the valve
and the heater. The display device 65 may display, for
example, a number of times that the acrosol generator 21 has
been operated, e.g., 1 or 2 or 3, or a number of operations
remaining, which may be based on, for example, the size of
the source 37 of material and the amount of material
dispensed each time that the valve 35 is opened and closed,
or the life of the power supply 41, such as the remaining life
of a battery. The same or additional display devices can be
provided to display other information, such as pressure in
the pressure chamber 47 and power level of the power
source 41. Further, the aerosol generator 21 may be
equipped with various sensors and displays to provide
feedback to be displayed in a display device 65 to, for
example, assist a user in learning how to use the aerosol
generator properly as an inhaler, such as sensors to measure
the volume and duration of an inhalation after completion of
an inhalation, and even to provide feedback during an
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inhalation to assist the user in employing an optimum
inhalation profile. The display device 65 is preferably con-
trolled by the control device 43 and powered by the power
supply 41.

The control device 43 may be individually programmable,
such as by a pharmacist, to control the aerosol generator 21
to dispense medications according to a prescription, i.c.,
quantity of medication, frequency, etc., as well as program-
ming in the information that would prevent improper use of
the aerosol generator. In this manner, fewer types of aerosol
generators 21 may be useful for a wide range of medications.
The particular aerosol generator 21 would preferably be
optimized for different classes of medications and then “fine
tuned” by, for example, the pharmacist, for a specific drug
or prescription.

The aerosol generator 21 may also be programmed to
permanently prevent use after a set period of time. In this
way, it would be possible to prevent the use of expired
medications. This may be accomplished by, for example,
having a battery power source 41 be non-replaceable, or by
incorporating a battery and/or control device that keeps track
of date and time and prevents operation past a particular date
and time.

While not wishing to be bound by theory, depending upon
selection of factors presently understood to primarily
include a rate of power supplied from the source of power
41 to the heater 33, a diameter of the tube 27, and the
material to be volatilized and delivered as an aerosol, the
aerosol generator 21 is preferably specifically designed to
generate an aerosol having certain desired characteristics.
For many applications, particularly for medication delivery
applications, the aerosol generator 21 according to the
present invention is preferably designed to produce an
aerosol having a mass median particle diameter of less than
3 microns, more preferably less than 2 microns, still more
preferably between 0.2 and 2 microns, and still more pref-
erably between 0.5 and 1 microns. While not wishing to be
bound by theory, depending upon selection of factors pres-
ently understood to primarily include a length of the tube 27,
a pressure with which the pressurization arrangement 39
supplies the material from the source 37 of material, and a
rate at which power is supplied from the source 41 of power,
the rate at which the material is supplied and volatilized in
the tube is established. The aerosol generator 21 is prefer-
ably designed to supply and volatilize material at a rate
greater than 1 milligram per second.

It may be desirable to produce an aerosol formed from
different liquid components that, for a variety of reasons,
may be best kept separated until the moment that it is desired
to form the aerosol. As seen in FIG. 3, another embodiment
of the aerosol generator 121 may, in addition to the features
described with respect to the aerosol generator 21, include,
preferably as part of a modified first component 123, a
source 137 of a second material in liquid form that is
supplied to the tube 27 together with the material from the
first source of material 37. The source 137 of second
material preferably communicates with the tube 27 at a point
171 before the heater 33. A separate valve 135 is preferably
powered by the power source 41 and controlled by the
control device 43 to permit the pressurization arrangement
39 to cause material in the source 137 of second material to
be introduced into tube 27 from the source of second
material when the valve 35 is in an open position. If desired
or necessary, the valve 35 and the valve 135 can be opened
and closed at different times.

The source 137 of second material preferably includes a
second flexible container 145. The pressurization arrange-
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ment 39 preferably includes a second chamber 147 in which
the second flexible container 145 is disposed, and a second
pressurized gas G, sealed in the second chamber and sur-
rounding the second flexible container. The pressurized gas
G and the second pressurized gas G, may be pressurized to
different pressures to facilitate delivery of the material and
the second material to the tube 27 at different rates. If desired
or necessary, the flexible container 45 and the second
flexible container 145 may be disposed in the same pres-
surized chamber. Additional sources of material and other
components may be provided to produce an aerosol having
still further components.

As seen with respect to FIG. 4, a third embodiment of the
aerosol generator 221 may include, preferably as part of a
modified first component 223, a structure, or several
structures, that is substantially entirely parallel to the struc-
ture of the first component to permit generation of an aerosol
formed from two or more components. The aerosol genera-
tor 221 preferably includes a second tube 227 having a first
and a second end 229, 231. Asecond heater 233 is preferably
arranged relative to the second tube 227 for heating the
second tube. A second valve 235 is preferably provided on
the second tube 227 and is openable and closeable to open
and close communication between the first and the second
ends 229 and 231 of the second tube. A source 237 of second
material to be volatilized is provided and the second end 231
of the second tube 227 communicates with the source of
second material. A second pressurization arrangement 239 is
provided for causing material in the source 237 of second
material to be introduced into the second tube 227 from the
source of second material when the second valve 235 is in
an open position. If desired or necessary, the pressurization
arrangement 39 can be used to cause material in the source
237 of second material to be introduced into the second tube
227. Preferably, the source 41 of power supplies power for
the second heater 233 and for the second valve 235, as well
as to any other electrically powered components of the
aerosol generator, and the control device 43 controls supply
of power from the source of power to the second heater and
the second valve.

The aerosol generator 221 preferably includes a chamber
249, such as a mouthpiece section. The first ends 29 and 229
of the tube 27 and the second tube 227 are preferably
disposed in the chamber 249 proximate each other. The
chamber 249 is preferably of sufficient size and configura-
tion to permit mixture of volatilized material and volatilized
second material that expands out of the tube 27 and the
second tube 227 together with ambient air such that the
volatilized material and the volatilized second material form
first and second aerosols, respectively, the first and second
aerosols being mixed with each other to form a combination
aerosol including the first and second aerosols.

In the embodiment described with reference to FIG. 1, a
combination aerosol can be formed by providing material in
the source 37 of material that includes two or more com-
ponents mixed together before the material is volatilized.
While the components in the source 37 of material may be
two or more liquids, it is also possible to suspend solid
particles in solution in a liquid material, or to dissolve solid
particles in a liquid material. If desired or necessary, the
solid particles, when suspended in solution, may be of a
larger average diameter than particles of the material in
aerosol form. The solid particles, when they form a part of
the aerosol, may be of a larger average diameter than
particles of the material in aerosol form. Solid particles can,
of course, also be suspended in solution in liquid materials
in the embodiments described with reference to FIGS. 3 and
4.
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As noted, a preferred pressurization arrangement 39 for
the aerosol generator 21 includes a sepra container type of
arrangement. An aerosol generator 321 having an alternative
pressurization arrangement 339 is shown in FIG. 5. In this
embodiment, the source 337 of material preferably includes
a second tube 345 having first and second ends 3454, 345b.
The first end 3454 of the second tube 345 is connected to the
second end 31 of the tube 27. The pressurization arrange-
ment 339 includes a chamber 347 filled with a pressurized
gas G. The second end 345b of the second tube 345 is
disposed in the chamber 347 and is open to the chamber. The
source 337 of material, the second tube 345, and the tube 27
preferably form part of a modified first component 323.

As seen in FIGS. 6A—6C, the source 337 of material is
preferably filled with material by first opening the valve 35
in the tube 27, then immersing the open second end 345b of
the second tube 345 in liquid material L (FIG. 6A). After the
liquid material in which the second tube 345 is immersed
fills the second tube, the valve 35 is then shut. The second
tube 345 is withdrawn from the liquid material, with the
liquid material that filled the second tube remaining in the
second tube due to closure of the valve (FIG. 6B), i.e., air is
unable to get behind the liquid material in the second tube.
The second tube 345 is then positioned in the chamber 347
and the chamber is pressurized (FIG. 6C). When the valve
35 is opened, the pressure in the chamber forces the liquid
material in the second tube 345 to enter the tube 27 where
it can be volatilized by the heater 27.

In a method of making the aerosol generator 21 described
with reference to the embodiment shown in FIG. 1, the
heater 33 is arranged relative to the tube 27 to permit heating
of the tube. The second end 31 of the tube 27 is connected
to the source 37 of material to be volatilized. The openable
and closeable valve 35 is provided to allow and stop
communication between the source 37 of material and the
tube 27.

The pressurization arrangement 39 for causing material in
the source 37 of material to be introduced into the tube 27
from the source of material when the valve 35 is in an open
position is provided. The valve 35 is connected to the source
41 of power for opening and closing the valve. The heater 35
is connected to the source 41 of power. The source 41 of
power is connected to the control device 43 for controlling
the supply of power from the source of power to the heater
33 and the valve 35, as well as to any other components of
the aerosol generator.

The step of providing the pressurization arrangement 39
preferably includes positioning the source 37 of material in
a chamber 47 and pressurizing the chamber, preferably to
about two atmospheres. The source 37 of material preferably
includes a flexible container 45. However, other embodi-
ments are also possible. For example, as described with
reference to FIGS. 5 and 6 A—6B, the source 337 of material
may include a second tube 345 having first and second ends
3454, 345b, the first end of the second tube being connected
to the second end 31 of the tube 27 and the second end 345b
of the second tube being positioned in the chamber 345.

In making the aerosol generator 21 according to the
present invention, it is particularly preferred that the heater
33, the tube 27, the valve 35, the source 37 of material, and
the pressurization arrangement 39 are arranged relative to
each other to form a first component 23, and that the source
41 of power and the control device 43 are arranged relative
to each other to form a second component 25, and that the
second component is attachable to and detachable from the
first component. In this way, the second component 25 can
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be made as a permanent device, with most or all of the more
expensive features of the aerosol generator being associated
with the second component, and the first component 23,
which preferably includes the depletable or less expensive
components of the aerosol generator, can be disposable. The
different features of the aerosol generator 21 can be provided
on whichever one of the components 23 and 25 seems
appropriate for a particular application. However, according
to the presently envisioned preferred application of the
aerosol generator as a medical inhaler device, it is believed
that the arrangement of features on the components 23 and
25 properly distributes the more and less disposable fea-
tures.

The aerosol generator 21 is preferably used by a user
providing a first signal, indicative of a user’s intention to use
the aerosol generator, to the control device 43. The first
signal may be provided by the user pressing a button 58
(FIG. 2, in phantom) but, particularly where the aerosol
generator 21 is intended to be used as an inhaler device, it
is preferred that the first signal be provided by some form of
draw-actuated device, such as a pressure drop detecting
sensor 53 or, more preferably, an air flow detecting sensor
51.

The control device 43, in response to the first signal, sends
a second signal to the source of power 41 to cause the source
of power to open the openable and closeable valve 35. The
valve 35 is preferably disposed between the tube 27 and the
source 37 of material. Opening of the valve 35 permits
material from the source 37 of material to flow from the
source of material and into the tube 27.

Material from the source 37 of material is caused to flow
from the source of material and into the tube 27, preferably
by means of the pressurization arrangement. The source 37
of material preferably includes the flexible container 45, and
material in container is caused to flow from the source of
material by a pressurization arrangement 39. The pressur-
ization arrangement 39 preferably includes the chamber 47
filled with gas G under pressure and in which the flexible
container 45 is disposed. In an alternative embodiment, as
described with reference to FIGS. 5 and 6 A—6C, the source
337 of material includes the second tube 345 having first and
second ends 3454, 345b. The first end 3454 of the second
tube 345 is connected to the second end 31 of the tube 27,
and material in the source 337 of material is caused to flow
from the source of material by the pressurization arrange-
ment 339. The pressurization arrangement 339 includes a
chamber 347 filled with gas G under pressure and in which
the second end 345b of the second tube 345 is disposed.

A third signal is sent by the control device 43 and in
response to the first signal to the source 41 of power to
supply power to the heater 33 disposed relative to the tube
27 to heat the tube. Material from the source 37 of material
is heated in the tube 27 with the heater 35 to a vaporization
temperature such that the material volatilizes and expands
out of the first end 29 of the tube.

The aerosol generator according to the present invention
is preferably constructed in accordance with certain design
principles that the inventors have recognized. These design
relationships permit design of the aerosol generator with a
certain robustness, particularly with respect to ambient tem-
perature and container pressure variations, such that it is
possible to ensure that the rate of aerosol delivery is sub-
stantially constant. While not wishing to be bound by theory,
one relationship involves the rate at which aerosol is deliv-
ered (D), which is understood to be substantially linearly
related to the power delivered to the liquid to be volatilized,
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i.e., the power (P), according to the relationship: D=k,P,
where k; is substantially constant and depends upon design
factors peculiar to the particular aerosol generator.

While not wishing to be bound by theory, the amount of
aerosol delivered (d), or the aerosol delivery rate D multi-
plied by the time that the aerosol is delivered, is understood
to be substantially linearly related to the pressure drop (p) of
the liquid material through the tube 27, which is usually the
difference between whatever pressure at which the liquid is
maintained in the source 37 of material (e.g., container
pressure) and atmospheric pressure, and substantially lin-
early related to the inverse of the length (L) of the tube from
the beginning of the tube to the point PV along the tube
where the liquid material has completely volatilized, accord-
ing to the relationship: D=k,p/L, where k, is substantially
constant and, like k;, depends upon factors peculiar to the
particular aerosol generator.

Further to the foregoing relationships, and while not
wishing to be bound by theory, the value L will tend to
increase with increasing pressure drop p or, conversely,
decreases with decreasing pressure drop p. Accordingly, the
capillary aerosol generator tends to maintain delivery rate D
despite changes in p, which might result from, for example,
changes in ambient temperature or pressure or container
pressure or other causes, at least over a usable range.

The aerosol generator 21 according to the present inven-
tion is preferably designed according to the relationships
discovered by the inventors. For example, while not wishing
to be bound by theory, when a desired delivery amount and
a delivery rate are known beforehand, such as where the
aerosol generator 21 is to be used as an inhaler for prede-
termined dosages of medication, a designer can provide an
appropriately sized battery as the power source 41 and can
allow for a certain pressure drop of the gas G in the chamber
47 as material is depleted from the container 45 and still be
certain that the desired delivery amount is achieved. If the
pressure is too low, the consequence will be too low a
delivery rate. If the pressure is too high, the consequence is
that material emerges from the tube 27 as a liquid.

According to one potential sequence of events in a design
process, and while not wishing to be bound by theory, the
pressure drop p of the material prior to complete volatiliza-
tion is a function of factors such as the diameter of the tube
27, and the nature of the material to be volatilized. Changing
tube diameter can affect where the point P, occurs, i.e., affect
the the length L. If it is desired to have a tube with a certain
length, and to accommodate changes in battery power, e.g.,
due to the battery losing its charge, and changes in pressure
of the gas G, the length of the tube 27 can be designed with
certain factors of safety in view of calculations for the length
L involving different tube diameters that affect the pressure
drop p. Similarly, if it is known that a particular battery loses
a charge at a certain predetermined rate, the length of the
tube 27 can be selected to ensure that volatilization of the
material occurs in the tube at all intended operating levels of
the battery.

According to another potential sequence of events in a
design process, and while not wishing to be bound by theory,
for a given delivery rate D, tube diameter d should be chosen
taking into account the effect of tube diameter upon particle
size. Tube length and the pressure in the container should
then be adjusted to ensure that P, occurs prior to the first end
29 of the tube 27, particularly in view of the likelihood of
some variation in container pressure p.

Moreover, the control device 43 can be programmed to
ensure that, as the pressure of the gas G drops, or the power
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level of the source 41 of power drops, certain changes in
operation to accommodate these changes will take place. For
example, as power levels drop, delivery of the same amount
of material will take a longer time. Accordingly, the control
device 43 can be programmed to, for example, keep the
valve 35 open for a longer time as drops in power levels are
detected.

While this invention has been illustrated and described in
accordance with a preferred embodiment, it is recognized
that variations and changes may be made therein without
departing from the invention as set forth in the claims. For
instance, the aerosol generator could include arrangements
for manually operating the valve 35, i.e., instead of actuation
by detection of air flow or pressure drop, with the controller
43 being configured to execute a scheduled heating cycle
upon receipt of a signal indicating actuation of the valve.
Such arrangements might further include devices (electrical
or mechanical) to maintain the valve 35 in an opened
position for a predetermined amount of time once it is
mechanically actuated.

What is claimed is:

1. An aerosol generator, comprising:

a tube having a first and a second end;

a heater arranged relative to the tube for heating at least
a portion of the tube;

a source of material to be volatilized, the second end of
the tube being in communication with the source of
material;

a valve operatively located between the source of material
and the tube, the valve being openable and closeable to
open and close communication between the source and
the first end of the tube;

a pressurization arrangement for causing material in the
source of material to be introduced into the tube from
the source of material when the valve is in an open
position;

a source of power for operating the heater and for the
valve; and

a control device for controlling supply of power from the
source of power to the heater and the valve.

2. The aerosol generator as set forth in claim 1, wherein
the source of material includes a flexible container, and the
pressurization arrangement includes a chamber in which the
flexible container is disposed, and a pressurized gas sealed
in the chamber and surrounding the flexible container.

3. The aerosol generator as set forth in claim 2, wherein
the gas is nitrogen.

4. The aerosol generator as set forth in claim 2, wherein
the gas is pressurized to about 2 atmospheres.

5. The aerosol generator as set forth in claim 2, wherein
pressure of the gas is about ten percent lower when the
flexible container is empty than when the flexible container
is full.

6. The aerosol generator as set forth in claim 2, further
comprising a pressure sensor arranged to sense pressure in
the chamber, the pressure sensor being arranged to send a
signal representative of the pressure in the chamber to the
control device, and the control device being arranged to
control the power source to adjust a length of time that
power is supplied to the valve in response to the signal from
the pressure sensor.

7. The aerosol generator as set forth in claim 1, further
comprising an air flow detecting device for determining
when a predetermined air flow rate exists proximate the first
end of the tube, the air flow detecting device being arranged
to send a signal to the control device to indicate that the
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predetermined air flow rate exists, and the control device
being arranged to control the power source to supply power
to the valve and the heater in response to the signal from the
air flow detecting device is disposed in a position transverse
to and upstream of the first end of the tube.

8. The aerosol generator as set forth in claim 7, wherein
the air flow detecting device includes a flow sensor.

9. The aerosol generator as set forth in claim 7, further
comprising a mouthpiece section, the mouthpiece section
having an open end, the tube being disposed in the mouth-
piece section and the first end of the tube being disposed
inside of the mouthpiece section at a distance from the open
end.

10. The aerosol generator as set forth in claim 9, wherein
the mouthpiece section has a plurality of vent holes.

11. The aerosol generator as set forth in claim 10, wherein
the first end of the tube is disposed in the mouthpiece section
between the vent holes and the open end of the mouthpiece.

12. The aerosol generator as set forth in claim 1, further
comprising a pressure drop detecting device for determining
when a predetermined pressure drop occurs proximate the
first end of the tube, the pressure drop detecting device being
arranged to send a signal to the control device to indicate
that the predetermined pressure drop is occurring, and the
control device being arranged to control the power source to
supply power to the valve and the heater in response to the
signal from the pressure drop detecting device.

13. The aerosol generator as set forth in claim 12, further
comprising a mouthpiece section, the mouthpiece section
having an open end, the tube being disposed in the mouth-
piece section and the first end of the tube being disposed
inside of the mouthpiece section at a distance from the open
end.

14. The aerosol generator as set forth in claim 1, wherein
the control device includes a timer for controlling a fre-
quency with which the control device controls the power
supply to supply power to the valve and the heater.

15. The aerosol generator as set forth in claim 14, further
comprising a remote control device remote from the control
device, the remote control device being adapted to adjust the
timer to adjust the frequency with which the control device
controls the power supply to supply power to the valve and
the heater.

16. The aerosol generator as set forth in claim 14, wherein
the timer includes an indicator for indicating that the control
device is available to control the power supply to supply
power to the valve and the heater.

17. The aerosol generator as set forth in claim 1, further
comprising a display device, the display device being con-
trolled by the control device and being adapted to display a
number of times that the control device controls the power
supply to supply power to the valve and the heater.

18. The aerosol generator as set forth in claim 17, wherein
the control device includes a timer for controlling a fre-
quency with which the control device controls the power
supply to supply power to the valve and the heater.

19. The aerosol generator as set forth in claim 18, further
comprising a remote control device remote from the control
device, the remote control device being adapted to adjust the
timer to adjust the frequency with which the control device
controls the power supply to supply power to the valve and
the heater.

20. The aerosol generator as set forth in claim 18, wherein
the display indicates when the timer will permit the control
device to control the power supply to supply power to the
valve and the heater.

21. The aerosol generator as set forth in claim 1, wherein
the control device is arranged to permit adjustment of at least
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one of an amount of time that the valve is in an open
condition and an amount of time that power is supplied to
the heater.

22. The aerosol generator as set forth in claim 21, further
comprising a remote control device remote from the control
device, the remote control device being adapted to adjust at
least one of the amount of time that the valve is in an open
condition and the amount of time that power is supplied to
the heater.

23. The aerosol generator as set forth in claim 22, wherein
the control device includes a timer for controlling a fre-
quency with which the control device controls the power
supply to supply power to the valve and the heater.

24. The aerosol generator as set forth in claim 23, wherein
the remote control device is adapted to adjust the timer to
adjust the frequency with which the control device controls
the power supply to supply power to the valve and the heater.

25. The aerosol generator as set forth in claim 1, wherein
a rate of power supplied from the source of power to the
heater and a diameter of the tube are selected to cause the
aerosol generator to produce an aerosol having a mass
median particle diameter of less than 3 microns.

26. The aerosol generator as set forth in claim 25, wherein
the aerosol has a mass median particle diameter of less than
2 microns.

27. The aerosol generator as set forth in claim 25, wherein
the aerosol has a mass median particle diameter of between
0.2 and 2 microns.

28. The aerosol generator as set forth in claim 25, wherein
the aerosol has a mass median particle diameter between 0.5
and 1 microns.

29. The aerosol generator as set forth in claim 1, wherein
a length of the tube, a pressure with which the pressurization
arrangement supplies the material from the source of
material, and a rate at which power is supplied from the
source of power are selected so that the material is supplied
and volatilized in the tube at a rate greater than 1 milligram
per second.

30. The aerosol generator as set forth in claim 1, further
comprising a source of a second material in liquid form to
the tube together with the material, the source of second
material communicating with the tube at a point before the
heater, the pressurization arrangement causing material in
the source of second material to be introduced into the tube
from the source of material when the valve is in an open
position.

31. The aerosol generator as set forth in claim 30, wherein
the source of material includes a flexible container and the
source of second material includes a second flexible
container, and the pressurization arrangement includes a
chamber in which the flexible container is disposed, and a
pressurized gas sealed in the chamber and surrounding the
flexible container, and a second chamber in which the
second flexible container is disposed, and a second pressur-
ized gas sealed in the chamber and surrounding the second
flexible container.

32. The aerosol generator as set forth in claim 31, wherein
the pressurized gas and the second pressurized gas are
pressurized to different pressures.

33. The aerosol generator as set forth in claim 1, further
comprising

a second tube having a first and a second end,

a second heater arranged relative to the second tube for

heating at least a portion of the second tube,

a source of second material to be volatilized, the second

end of the second tube being in communication with
the source of second material, and
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a second valve operatively located between the source of
second material and the second tube, the second valve
being openable and closeable to open and close com-
munication between the source of second material and
the first end of the second tube,

a second pressurization arrangement for causing material
in the source of second material to be introduced into
the second tube from the source of second material
when the second valve is in an open position, and

wherein the source of power supplies power for operating
the second heater and the second valve, and the control
device controls supply of power from the source of
power to the second heater and the second valve.

34. The aerosol generator as set forth in claim 33, further
comprising a chamber, the first ends of the tube and the
second tube being disposed in the chamber proximate each
other, the chamber being of sufficient size and configuration
to permit mixture of volatilized material and volatilized
second material that expands out of the tube and the second
tube together with ambient air such that the volatilized
material and the volatilized second material form first and
second aerosols, respectively, the first and second aerosols
being mixed with each other to form a combination aerosol
including the first and second aerosols.

35. The aerosol generator as set forth in claim 1, wherein
material in the source of material includes two or more
components mixed together before the material is volatil-
ized.

36. The aerosol generator as set forth in claim 35, wherein
solid particles are suspended in solution in the material.

37. The aerosol generator as set forth in claim 36, wherein
the solid particles, when suspended in solution, are of a
larger average diameter than particles of the material after
the material is volatilized and is in aerosol form.

38. The aerosol generator as set forth in claim 37, wherein
the solid particles, when they form a part of the aerosol, are
of a larger average diameter than particles of the material
after the material is volatilized and is in aerosol form.

39. The aerosol generator as set forth in claim 36, wherein
the solid particles, when they form a part of the aerosol, are
of a larger average diameter than particles of the material
after the material is volatilized and is in aerosol form.

40. The acrosol generator as set forth in claim 1, wherein
the valve is a microvalve.

41. The aerosol generator as set forth in claim 1, wherein
the valve, the heater, and the tube are a single microelec-
tronic machine formed on a single chip.

42. The aerosol generator as set forth in claim 1, wherein
the aerosol generator includes a first component and a
second component, the second component being attachable
and detachable to the first component, the first component
including the tube, the heater, the valve, the source of
material, and the pressurization arrangement, and the second
component including the source of power and the control
device.

43. The acrosol generator as set forth in claim 42, further
comprising an air flow detecting device for determining
when a predetermined air flow rate exists proximate the first
end of the tube, the air flow detecting device being arranged
to send a signal to the controller to indicate that the prede-
termined air flow rate exists, and the controller being
arranged to control the power source to supply power to the
valve and the heater in response to the signal from the air
flow detecting device.

44. The aerosol generator as set forth in claim 43, wherein
the air flow detecting device is permanently attached to the
second component.
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45. The aerosol generator as set forth in claim 43, further
comprising a mouthpiece section forming part of the first
component, the mouthpiece section having an open end, the
tube being disposed in the mouthpiece section and the first
end of the tube being disposed inside of the mouthpiece
section at a distance from the open end.

46. The aerosol generator as set forth in claim 45, wherein
the mouthpiece section has a plurality of vent holes.

47. The aerosol generator as set forth in claim 45, wherein
the first end of the tube is disposed in the mouthpiece section
between the vent holes and the open end of the mouthpiece.

48. The aerosol generator as set forth in claim 42, further
comprising a pressure drop detecting device for determining
when a predetermined pressure drop occurs proximate the
first end of the tube, the pressure drop detecting device being
arranged to send a signal to the controller to indicate that the
predetermined pressure drop is occurring, and the controller
being arranged to control the power source to supply power
to the valve and the heater in response to the signal from the
pressure drop detecting device.

49. The aerosol generator as set forth in claim 48, further
comprising a mouthpiece section forming part of the first
component, the mouthpiece section having an open end, the
tube being disposed in the mouthpiece section and the first
end of the tube being disposed inside of the mouthpiece
section at a distance from the open end.

50. The aerosol generator as set forth in claim 42, wherein
the first component includes

a second tube having a first and a second end,

a second heater arranged relative to the second tube for
heating the second tube,

a second valve operatively located between the source of
second material and the second tube, the second valve
being openable and closeable to open and close com-
munication between the source of second material and
the first end of the second tube,

a source of second material to be volatilized, the second
end of the second tube being in communication with
the source of second material, and

a second pressurization arrangement for causing material
in the source of second material to be introduced into
the second tube from the source of second material
when the second valve is in an open position, and

wherein the source of power supplies power for operating
the second heater and the second valve, and the control
device controls supply of power from the source of
power to the second heater and the second valve.

51. The aerosol generator as set forth in claim 50, further
comprising a chamber, the first ends of the tube and the
second tube being disposed in the chamber proximate each
other, the chamber being of sufficient size and configuration
to permit mixture of volatilized material and volatilized
second material that expands out of the tube and the second
tube together with ambient air such that the volatilized
material and the volatilized second material form first and
second aerosols, respectively, the first and second aerosols
being mixed with each other to form a combination aerosol
including the first and second aerosols.

52. The aerosol generator as set forth in claim 1, wherein
the source of material includes a second tube having first and
second ends, the first end of the second tube being connected
to the second end of the tube, and wherein the pressurization
arrangement includes a chamber filled with a pressurized
gas, the second end of the second tube being disposed in the
chamber.
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53. A method of making an aerosol generator, comprising
the steps of:

arranging a heater relative to a tube for heating of the tube,

the tube having first and second ends;

connecting the second end of the tube to a source of

material to be volatilized,

providing an openable and closeable valve between the

source of material and the tube;

providing a pressurization arrangement for causing mate-

rial in the source of material to be introduced into the
tube from the source of material when the valve is in an
open position;

connecting the valve to a source of power for opening and

closing the valve;

connecting the heater to the source of power;

connecting the source of power to a control device for

controlling a supply of power from the source of power
to the heater and the valve.
54. The method as set forth in claim 53, wherein the step
of providing a pressurization arrangement includes position-
ing of the source of material in a chamber and pressurizing
the chamber.
55. The method as set forth in claim 54, wherein the
chamber is pressurized to about two atmospheres.
56. The method as set forth in claim 54, wherein the
source of material includes a flexible container.
57. The method as set forth in claim 54, wherein the
source of material includes a second tube having first and
second ends, the method comprising the further steps of
connecting the first end of the second tube to the second end
of the tube and positioning the second end of the second tube
in the chamber.
58. The method as set forth in claim 53, wherein the
source of power is selected such that it is adapted to deliver
power at a sufficient rate to the heater and the tube is selected
to have an appropriate diameter such that the aerosol gen-
erator produces an aerosol having a mass median particle
diameter of less than 3 microns.
59. The method as set forth in claim 53, wherein a length
of the tube, a pressure with which the pressurization arrange-
ment supplies the material from the source of material, and
a rate at which the source of power is adapted to supply
power to the heater are selected so that the material is
supplied and volatilized in the tube at a rate greater than 1
milligram per second.
60. The method as set forth in claim 53, wherein the
heater, the tube, the valve, the source of material, and the
pressurization arrangement are arranged relative to each
other to form a first component, and the source of power and
the control device are arranged relative to each other to form
a second component, the second component being attach-
able and detachable to the first component.
61. A method of using an aerosol generator, comprising
the steps of:
providing a first signal, indicative of a user’s intention to
use the aerosol generator, to a control device;

sending, with the control device and in response to the
first signal, a second signal to a source of power to
cause the source of power to open an openable and
closeable valve, the valve being disposed between a
source of material to be volatilized and a tube, opening
of the valve permitting material from the source of
material to flow from the source of material and into the
tube;

causing material from the source of material to flow from

the source of material and into the tube;

VPR Exhibit

2016

Page 211



US 6,234,167 B1

19

sending, with the control device and in response to the
first signal, a third signal to the source of power to
supply power to a heater disposed relative to the tube
to heat the tube; and

heating material from the source of material in the tube
with the heater to a vaporization temperature such that
the material volatilizes and expands out of an open end
of the tube.

62. The method as set forth in claim 61, wherein the first
signal is provided by a user pressing a button.

63. The method as set forth in claim 61, wherein the first
signal is provided by a user drawing on a mouthpiece in such
a manner as to operate an air flow detecting device disposed
proximate the first end of the tube.

64. The method as set forth in claim 61, wherein the first
signal is provided by a user drawing on a mouthpiece in such
a manner as to operate a puff actuated sensor disposed
proximate the first end of the tube.

65. The method as set forth in claim 61, wherein the
source of material includes a flexible container, and wherein

10

15

20

material in the source of material is caused to flow from the
source of material by a pressurization arrangement.

66. The method as set forth in claim 65, wherein the
pressurization arrangement includes a chamber filled with
gas under pressure and in which the flexible container is
disposed.

67. The method as set forth in claim 61, wherein the
source of material includes a second tube having first and
second ends, the first end of the second tube being connected
to the second end of the tube, and wherein material in the
source of material is caused to flow from the source of
material by a pressurization arrangement.

68. The method as set forth in claim 67, wherein the
pressurization arrangement includes a chamber filled with
gas under pressure and in which the second end of the
second tube is disposed.
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METHOD AND APPARATUS FOR REAL
TIME GAS ANALYSIS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. patent
application Ser. No. 09/104,997, entitled “Method and
Apparatus for Real Time Gas Analysis”, filed Jun. 26, 1998,
now U.S. Pat. No. 6,076,392 issued Jun. 20, 2000. The
disclosure of the aforementioned patent application is incor-
porated herein by reference in its entirety.

This application claims priority from U.S. Provisional
Patent Application Serial No. 60/055,982, entitled “Fluidic
Real Time Multiple Gas Analyzer”, filed Aug. 18, 1997, and
from U.S. Provisional Patent Application Serial No. 60/069,
422, entitled “Method and Apparatus for Real Time Gas
Analysis Using Fluidic Sensors”, filed Dec. 18, 1997. The
disclosures of these provisional patent applications are
incorporated herein by reference in their entirety.

GOVERNMENT LICENSE RIGHTS

This invention was made with Government support under
Grant No. 5 R44 HIL53092-03 awarded by the National
Institute of Health. The Government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a universal method and apparatus
for determining, in real time, the individual concentrations
of fluid constituents of any mixture of a predetermined
number of fluids using, in the preferred embodiment, fluidic
sensors. Further, the invention relates to a method and
apparatus for determining or verifying the identity and/or
purity of a single gas or an unknown gas in a mixture of
gasses.

2. Description of the Prior Art

The determination of the relative concentrations of gasses
in a mixture has been the subject of numerous inventions and
intensive research over the years. Particularly, when
noxious, poisonous or otherwise hazardous gasses are
present, knowledge of the amount of such gasses is impor-
tant to alert personnel in the area of any potential danger. In
medical and clinical settings, awareness of the concentra-
tions of respired gasses is important in the determination of
patient metabolic conditions, especially the relative and
absolute amounts of oxygen and carbon dioxide which
provide information on the metabolization of oxygen as well
as respiratory functioning. Under operating room
conditions, anesthesiologists must be careful in administer-
ing anesthesia gasses and do so as a function of metabolic
rate, and also must be aware of the absolute amount of
anesthetic being provided in order to prevent overdosing or
underdosing which would cause a patient to be aware during
an operation. Also, when several different potent anesthetics
must be administered during a procedure, the net amounts of
the anesthetics need to be monitored to prevent overdosing.

Multiple medical gas monitors (MMGMs) continuously
sample and measure inspired and exhaled (end-tidal) con-
centrations of respiratory gasses, including anesthetic gasses
during and immediately following administration of anes-
thesia. These monitors are required since an overdose of
anesthetic agent, and/or too little oxygen, can lead to brain
damage and death, whereas too little agent results in insuf-
ficient anesthesia and subsequent awareness. The current
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development of these monitoring devices is described in the
extensive anesthesia and biomedical engineering literature.
Complete and specific information about the principles and
applications of these devices is well reviewed in several
recent texts (see, e.g., Lake, Clinical Monitoring, WB Saun-
ders Co., pp. 479498 (ch. 8),1990, incorporated herein by
reference in its entirety), manufacturer’s and trade publica-
tions (see, e.g., ECRI, “Multiple Medical Gas Monitors,
Respired/Anesthetic”, August 1983, incorporated herein by
reference in its entirety), and in extensive anesthesia litera-
ture describing this equipment and its principles, methods
and techniques of operation.

Medical gas monitoring provides the clinician with infor-
mation about the patient’s physiologic status, verifies that
the appropriate concentrations of delivered gases are
administered, and warns of equipment failure or abnormali-
ties in the gas delivery system. These monitors display
inspired and exhaled gas concentrations and may sound
alarms to alert clinical personnel when the concentration of
oxygen (0,), carbon dioxide (CO,), nitrous oxide (N,O), or
anesthetic agent falls outside the desired set limits.

Most MMGMs utilize side-stream monitoring wherein
gas samples are aspirated from the breathing circuit through
long, narrow-diameter tubing lines. A water trap, desiccant
and/or filter may be used to remove water vapor and
condensation from the sample before the gas sample reaches
the analysis chamber. Gas samples are aspirated into the
monitor at either an adjustable or a fixed flow rate, typically
from 50 to 250 ml/min. Lower rates minimize the amount of
gas removed from the breathing circuit and, therefore, from
the patient’s tidal volume; however, lower sampling flow
rates increase the response time and typically reduce the
accuracy of conventional measurements. These gas monitors
eliminate the exhaust gas through a scavenging system or
return certain gas constituents to the patient’s breathing
circuit.

There are several methods and techniques of anesthetic
gas monitoring that are currently used. These methods and
techniques are briefly reviewed below to distill their intrinsic
advantages and disadvantages. A brief comparison is pro-
vided that includes both stand-alone and multi-operating
room gas monitors that can determine concentrations of
anesthetic and respiratory gases in the patient breathing
circuit during anesthesia. Much of the research and devel-
opment of these monitors have followed the long use of
similar detector principles from analytical chemistry.

Because of the chemically diverse substances that they
measure, MMGMs commonly combine more than one ana-
Iytical method. Most MMGMs measure concentrations of
halogenated anesthetic agents, CO,, and N,O using nondis-
persive infrared (IR) absorption technology; however, there
are others that use photoacoustic spectroscopy, based on the
sound produced when an enclosed gas is exposed to pulsed
optical energy. Other MMGMs use a piezoelectric method to
measure anesthetic agent concentration. Electrochemical
(e.g., galvanic) fuel cells and/or paramagnetic sensors are
typically used to measure oxygen concentration, primarily
because of their performance characteristics. Some
MMGMs also have built-in or modular pulse oximeters to
monitor tissue oxygen perfusion, although there is a major
problem with the ambiguity between the presence of oxygen
and carbon monoxide because hemoglobin bonds with both
oxygen and carbon monoxide and conventional single wave-
length pulse oximeters cannot distinguish between the two.

Infrared analyzers have been used for many years to
identify and assay compounds for research applications.
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More recently, they have been adapted for respiratory moni-
toring of CO,, N,O and halogenated agents. Dual-chamber
nondispersive IR spectrometers pass IR energy from an
incandescent filament through the sample chamber and an
identical geometry but air-filled reference chamber. Each
gas absorbs light at several wavelengths, but only a single
absorption wavelength is selected for each gas to determine
the gas concentration. The light is filtered after it passes
through the chambers, and only that wavelength selected for
each gas is transmitted to a detector. The light absorption in
the analysis chamber is proportional to the partial pressure
(e.g., concentration) of the gas. To detect halothane,
enflurane, isoflurane, and other related potent anesthetics,
most manufacturers use a wavelength range around 3.3 um,
the peak wavelength at which the hydrogen-carbon bond
absorbs light. In one monitor that identifies and quantifies
halogenated agents, the analyzer is a single-channel, four-
wavelength IR filter photometer. In this monitor, each of
four filters (i.e., one for each anesthetic agent and one to
provide a baseline for comparison) transmits a specific
wavelength of IR energy, and each gas absorbs differently in
the selected wavelength bands. In another monitor, the
potent anesthetic agent is assayed by determining its absorp-
tion at three different wavelengths of light. The (Vickers
Medical) Datex Capnomac, a multi-gas anesthetic agent
analyzer, is based on the absorption of infrared radiation.
This unit accurately analyzes breath-to-breath changes in
concentrations of CO,, NO,, and N,O and anesthetic vapors
(See, McPeak et al,, “Evaluation of a multigas anaesthetic
monitor: the Datex Capnomac”, Anaesthesia, Vol. 43,
pp-1035-1041, 1988, incorporated herein by reference in its
entirety). It is accurate with CO, for up to 60 breaths/min,
and 30 breaths/min for O,, but N,O and anesthetic vapors
show a decrease in accuracy at frequencies higher than 20
breaths/min. The use of narrow wave-band filters to increase
specificity for CO, and N,O makes the identification of the
anesthetic vapors which are measured in the same wave
band more difficult. The Inov 3100 near-infrared spectros-
copy monitor has been offered as a monitor for intracerebral
oxygenation during anesthesia and surgery. Studies done on
this monitor indicate that it needs a wide optode separation
and the measurements are more likely those of the external
carotid flow rather than the divided internal carotid circu-
lation (see Harris et al., “Near infrared spectroscopy in
adults”, Anaesthesia Vol. 48, pp. 694-696, 1993, incorpo-
rated herein by reference in its entirety). Almost all non-
dispersive infrared (NDIR) devices suffer from cross-
sensitivities that may be present, thereby requiring extensive
calibration and correction when mixture of gasses flow. The
presence of O,, in particular, presents a major problem.
Photoacoustic spectroscopy measures the energy pro-
duced when a gas is expanded by absorption of optical
radiation; the energy is pulsed by rotating a disk with three
concentric slotted sections between the optical source and
the measurement chamber. The acoustic pressure fluctua-
tions created occur with a frequency between 20 and 20,000
Hz, producing sound that is detected with a microphone and
converted to an electrical signal. Each gas (e.g., anesthetic
agent, CO,, N,0) exhibits a pronounced photoacoustic
effect at a different wavelength of incident light energy. This
method, however, cannot distinguish which halogenated
agent is present. A similar microphone can to used to detect
the pulsating pressure changes in a paramagnetic oxygen
sensor (e.g., magnetoacoustics). The microphone detects the
pulsating pressures from all four gases simultaneously and
produces a four component signal. A monitor using IR
photoacoustic technology has been developed that can quan-
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tify all commonly respired/anesthetic gasses except N, and
water vapor (the presence of which adversely affects
accuracy). The Bruel & Kjaer Multigas Monitor 1304 uses
photoacoustic spectroscopy and also incorporates a pulse
oximeter. It has some advantages over the Data Capnomac
since it uses the same microphone for detection of all gases,
displaying gas concentration with a real-time relationship.
There has been found to be a considerable decrease in
accuracy when a hybrid sampling tube was used rather than
a nafion tube, indicating the need for the additional expense
of using a nafion sampling tube to ensure the elimination of
water vapor (see McPeak et al., “An Evaluation of the Bruel
and Kjaer monitor 13047, Anaesthesia, Vol. 47, pp. 4147,
1992, incorporated herein by reference in its entirety).

The piezoelectric method is also used to measure the
concentration of a selected halogenated agent. The sample is
pumped through a chamber containing two crystals: a ref-
erence crystal and a second crystal that has been coated with
an organophillic compound to adsorb the anesthetic gas. The
resulting increase in mass changes the coated crystal’s
resonant frequency in direct proportion to the concentration
of anesthetic gas in the sample, thereby generating a voltage
that is displayed as a percentage of vapor. One piezoelectric-
based unit has a separate nondispersive IR sensor that
differentiates inhalation and exhalation to detect breaths, as
well as an integral galvanic fuel cell that measures oxygen
concentration before the sampled gas is returned to the
breathing circuit. These devices also demonstrate cross-
sensitivity to other gasses that may be present.

Mass and Raman spectrometers can measure and identify
all respiratory and anesthetic gasses including N, and in
some cases helium. The application of mass spectrometry to
the field of monitoring anesthetic gases allows real-time
measurement of all inspired and exhaled gasses.
Unfortunately, the cost and complexity of this instrumenta-
tion has necessitated its being used in a time-sharing fashion
among multiple operating rooms. Raman scattering was first
heralded as an improvement to mass spectrometry (see
Westenskow et al., “Clinical evaluation of a Raman scatter-
ing multiple gas analyzer”, Anesthesiology, Vol. 70, pp.
350-355, 1989, incorporated herein by reference in its
entirety), although there have been some reservations about
this technique (see Severinghaus et al, “Multi-operating
room monitoring with one mass spectrometer”, Acta Ana-
esthesiol Scan [Suppl] 70:186-187, 1987, incorporated
herein by reference in its entirety). The (Ohmeda) Rascal II
multigas analyzer, with pulse oximeter, uses a Raman scat-
tering of laser light to identify and quantify O,, N,, CO,,
N, O and anesthetic agents. It is stable and can monitor the
gasses including N, and CO, accurately for a wide range of
concentrations. However, there is a possibility of some
destruction of volatile agent during the analysis since the
concentration of Halothane does appear to fall when recir-
culated and there is a gain of the volatile agent of as much
as fifteen percent. There is some concern over the reliability
of the hardware, software and laser light source (see Lock-
wood et al., “The Ohmeda Rascall II”, Anaesthesia, Vol. 49,
pp. 44-53, 1994, incorporated herein by reference in its
entirety) which is currently being addressed by others,
which necessitates frequent and costly calibration and
adjustment.

Other related medical gas monitoring approaches include
specific techniques for monitoring oxygen concentration. As
described in the above-referenced text by Lake, a commonly
used oxygen analyzer detector is based on a polarographic
method. In yet another analyzer which uses a galvanic cell,
oxygen diffuses through a semipermeable membrane,
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reaches a reducing electrode, and is carried as a reaction
product to another (e.g., reference) electrode, where it frees
electrons. The rate at which oxygen diffuses into the cell and
generates voltage is directly proportional to the partial
pressure of oxygen diffusing through the membrane. Several
factors affect the output and lifetime of the cells. During its
life, the electrode loses water, some water diffuses out as
oxygen which enters the cell while some water is consumed
through oxidation, and eventually requires replacement.

Paramagnetic sensors are typically used specifically for
measuring oxygen concentration. The design of this sensor
is based on oxygen’s high degree of sensitivity (e.g., com-
pared to other gasses) to magnetic forces. The sensor
includes a symmetrical, two chambered cell with identical
chambers for the sample and reference gas (e.g., air). These
cells are joined at an interface by a differential pressure
transducer or microphone. Sample and reference gases are
pumped through these chambers in which a strong magnetic
field surrounding the region acts on the oxygen molecules to
generate a pressure difference between the two sides of the
cell, thereby causing the transducer to produce a voltage
proportional to the oxygen concentration. This device, as is
the case with most devices, requires frequent calibration, is
costly in and of itself, and depends on certain operator skills
for proper operation.

Table 1, derived from Eisenkraft et al., “Monitoring Gases
in the Anesthesia Delivery System”, Anesthesia Equipment:
Principles and Applications, Mosby-Year Book, pp.
201-220, 1993, incorporated herein by reference in its
entirety, provides a summary of methods and techniques to
monitor respiratory gasses.

TABLE 1
METHOD 0O, CO, N,O Anes N, He Ar
Mass Spectroscopy YES YES YES YES YES YES YES
Raman Spectroscopy YES YES YES YES YES YES YES
IR - Light NO YES YES YES NO NO NO
Spectroscopy
IR - Photo Acoustics NO YES YES YES NO NO NO
Piezoelectric NO NO NO YES NO NO NO
Resonance
Polarography YES NO NO NO NO NO NO
Fuel Cell YES NO NO NO NO NO NO
Paramagnetic Analysis YES NO NO NO NO NO NO
Magnetoacoustics YES NO NO NO NO NO NO

A review of the background and significance of MMGM
would be incomplete without an expression of the impact
that patient safety has had on the impetus for recent gains in
technology and the need for additional improvements.
Clearly, the intrinsic dangers in the conduct of anesthesia
have been long understood. However, it has not been until
the Department of Anesthesia at the Harvard Teaching
Hospital decided to create a set of basic monitoring stan-
dards that non-invasive respiratory gas monitoring became
widely available and its use common place. The Harvard
Medical School Standard for Anesthesia requires:

1) the ability to assure safety and effectiveness of the

application of anesthetic agents;

2) simplicity of methods and techniques which translate
directly into reliability, low acquisition cost, low cost to
service, operate and maintain;

3) appropriate accuracy, precision and stability to monitor
relative concentrations of necessary anesthetic gases
particularly CO,, O,, and the potent anesthetic gas
agents; and

4) appropriate time response and acceptable delays in
monitoring changes in relative concentrations of gasses
with respect to respiration rates during anesthesia.
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Medical malpractice liability insurance companies have
lowered their risk liabilities and premiums to anesthesiolo-
gists who guarantee to use pulse oximetry and end-tidal CO,,
tension monitoring whenever possible (see Swedlow, “Res-
piratory Gas Monitoring”, Monitoring in Anesthesia, pp.
27-50, Boston, Butterworth-Heinemann, 3rd edition, 1993,
incorporated herein by reference in its entirety). The argu-
ment for providing additional patient safety continues to be
a powerful incentive to improve and enhance the methods
and techniques to provide increased knowledge of the moni-
toring of anesthetic gasses.

Safety considerations require that the presence of nitrogen
be detected as this provides warning of air embolisms, as
well as alerting to possible loss of integrity of the breathing
circuit, as air (with N,) is introduced. A major disadvantage
of most conventional gas monitors is that they do not
measure N,. A major disadvantage of present-day MMGMs
which use one or a combination of the above-cited tech-
niques is their high cost. A further disadvantage is that many
of these sensors can determine the concentrations of only
certain types of gasses or a limited number of gasses.

Fluidic gas concentration sensors offer a low-cost alter-
native to the devices that use the above techniques.
However, known fluidic gas concentration sensors, either
oscillators or orifice-capillary pairs, have been capable of
detecting concentrations of gasses in a mixture of at most
two gasses, and, until only recently, the pressures could not
be measured with sufficient accuracy at low cost, to make
systems practical.

More particularly, prior fluidic gas concentration sensors,
either oscillators (for example, that disclosed in U.S. Pat.
No. 3,765,224 to Villarroel et al., the disclosure of which is
incorporated herein by reference in its entirety) whose
frequency is a function of the speed of sound, and hence, the
ratio of specific heats of a gas mixture, or orifice-capillary
pairs (for example, that disclosed in U.S. Pat. No. 3,771,348
to Villarroel, the disclosure of which is incorporated herein
by reference in its entirety) where the pressure at the
junction between the two is a function of density and
viscosity of the mixture, were based on measuring the
relative concentrations of two gasses in a mixture. Multiple
gas analysis may subsequently be accomplished only by
physically or chemically separating multiple gas mixtures
into multiple two-gas mixtures which may then be sepa-
rately analyzed. Multiple scrubber approaches, however,
cannot be implemented in real time because of the very long
delay times associated with passing the gas samples through
the volume of a scrubber at the relatively low flow rates
associated with the sample streams. Thus, despite the afford-
ability of fluidic sensors, they have not been widely used in
MMGMs to measure concentrations of medical gasses dur-
ing the administration of anesthesia.

Another application for gas analysis in the medical field
is the determination or verification of the identity and purity
of a gas flowing from a source. Gasses such as oxygen,
nitrous oxide, and volatile anesthesia gasses are supplied
from sources to patients in operating rooms, intensive care
units and hospital rooms. For example, oxygen is often
supplied through a wall outlet which is fed from a remotely
located oxygen tank. Anesthesia is typically stored in a
vaporizer and dispensed by imposing a carrier gas (e.g., O,)
through a flow meter which is used to control the amount of
anesthesia vapor being supplied. An anesthesia machine
may contain several volatile anesthetic agents, each in a
separate container with a separate flow meter. While pre-
cautions are generally taken to ensure that the correct type
of gas is flowing from a source, it is possible for an incorrect
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gas or a contaminated gas to be supplied. For example, it
may be possible for a nitrous oxide tank to be erroneously
connected to an oxygen supply line or for one type of
anesthesia to be erroneously stored in an anesthesia con-
tainer labeled as another type of anesthesia. Further, the
purity of a gas may be compromised between the source and
the point of delivery. For example, an oxygen supply line
could be damaged or ruptured, thereby allowing atmo-
spheric gasses to enter the supply line and to be delivered
along with a reduced concentration of oxygen.

Use of known gas analyzers to verify the identity and
purity of gasses at a source or at a point of delivery would
be expensive and impractical in many circumstances. For
example, it would be prohibitively expensive to integrate a
conventional gas analyzer into every oxygen supply outlet in
a hospital. Likewise, it would be expensive to incorporate a
conventional gas analyzer into each container of anesthesia
gas in a hospital. Further, conventional gas analyzers require
periodic calibration which would make such gas analyzers
impractical in large numbers. Thus, a low maintenance, lost
cost gas analyzer is needed to verify the identity and purity
of gasses at a source or point of delivery.

OBJECTS AND SUMMARY OF THE
INVENTION

Therefore, in light of the above, and for other reasons that
become apparent when the invention is fully described, an
object of the present invention is to provide an improved
technique for determining the concentrations of fluids, both
gaseous and liquid, in mixtures of more than two fluids.

It is another object of the present invention to provide a
method and apparatus for augmenting the gas analysis
capabilities of conventional gas analyzers using low-cost,
reliable fluidic devices, whereby concentrations of a greater
number of gasses, including gasses whose concentrations
are difficult to determine by conventional means, can be
determined.

It is a further object of the present invention to verify the
identity and purity of a gas being supplied from a source
(either alone or in combination with other gasses) using
fluidic devices capable of being integrated with low cost
electronic pressure and temperature sensors in order to
ensure very low cost and high reliability.

It is yet a further object of the present invention that the
fluidic system operate with a minimum of moving mechani-
cal parts requiring no user calibration so that the entire
process itself can operate virtually indefinitely.

It is still a further object of the present invention to
provide a plurality of utilization modes ranging from per-
manent installations in operating rooms to portable home-
use devices that can be used in residences or temporary
situations.

It is another object of the present invention to provide for
techniques for providing gas concentration information in a
manner conducive to easy readout and compatible with
personal computers and other forms of microprocessors.

Another object of the present invention is to provide a
disposable fluidic sensor module which can affordably be
replaced after each use to simplify sterilization of the gas
analyzer.

Yet another object of the present invention is to provide
for a universal sensing mechanism which is independent of
the gasses being analyzed, use specificity of the analysis
being provided only by changes in parameters provided to
the analysis software by the user.

Still another object of the present invention is to provide
for a means of determining gas concentrations entirely from
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first physical principles, thereby resulting in a system that
never requires calibration or adjustment.

According to the present invention, the individual con-
centrations of fluid constituents in a mixture of N fluids can
be determined in real time by measuring independent prop-
erties of the mixture. In particular, N equations, which from
first principles, relate the individual fluid concentrations to
measured properties of the mixture, are solved for the N
unknown individual concentrations of the fluids in the
mixture. N-1 properties of the mixture are measured by N-1
sensors, which from cost considerations are preferably flu-
idic sensors, but may be any other technology devices, and
N-1 of the N equations are formed from the determined
properties. The Nth equation is the constitutive equation
which requires that the sum of the unknown concentrations
of the N known constituents be equal to unity.

In an exemplary embodiment, the individual concentra-
tions of three gasses in a mixture of three known gasses are
determined by measuring the ambient pressure, temperature
and flow rate of the sample flow of the mixture and the
subsequent pressure drop of the mixture sample flow across
a capillary and across an orifice which may be the supply
nozzle of the flowmeter oscillator. The sample flow rate is
preferably measured by passing the flow through a fluidic
feedback oscillator and measuring the output frequency
period which is proportional to transit time. From these
measurements, the density and viscosity of the mixture are
computed, and the three unknown concentrations of the
three known gasses are determined by solving in real time
three independent equations (i.e., an equation relating mix-
ture density to the concentrations, an equation relating
mixture viscosity to the concentrations, and the constitutive
equation). The three-gas analyzer is suitable for monitoring
respired, desiccated air (e.g., a three-gas mixture Of O,, CO,
and a pseudo-gas composed of N, with traces of atmo-
spheric inert gasses) and can be used in validation of
respiration in critical care medicine, validation of emer-
gency intubation, patient transport (e.g., between care
administration areas) and home and out patient respiratory
therapy.

By additionally measuring the acoustic velocity in the
mixture by using a sonic oscillator, the mixture specific heat
may also be calculated. This additional property of the
mixture can be related to concentrations of the individual
gasses, thereby augmenting the above-described three inde-
pendent equations with an additional equation. Thus, four
independent equations can be solved in real time for
unknown concentrations of four gasses in a mixture of four
known gasses. In the context of monitoring respired, desic-
cated anesthesia medical gasses, the four gas analyzer is
useful for measuring the concentrations of five gasses. In
particular, since the density and viscosity of carbon dioxide
and nitrous oxide are virtually indistinguishable, the four
independent equations can be solved for the concentrations
of O,, N,, a volatile anesthetic and the combined concen-
tration of N,O and CO,. Since the anesthesia machine
removes CO, from the inspired gasses, the individual con-
centrations of N,O and CO, can be determined by compar-
ing their combined concentration in the exhaled gasses with
their combined concentration in the inspired gasses (which
is entirely N,O), the difference being the real time concen-
tration of CO,. Thus, the fifth gas is determined from a fifth
known condition, that is, that the inspired gas is CO,-free.
In the event of loss of the CO, scrubber (e.g., due to poor
maintenance) a breath-to-breath increase will occur;
however, having kept track of the minimum value of the
combined gas will still provide the value of total CO,, as well
as the inspired-to-exhaled ratio.
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Preferably, the oscillator flowmeter, sonic oscillator and
the capillary are formed as a disposable sensor module
comprising a single small, thin, plastic lamination. By
attaching (in a separable manner) pressure and temperature
sensors at appropriate points, all necessary measurements
can be performed. Any one of the oscillator nozzles can
serve as the orifice, thereby eliminating the need for a
separate orifice. The disposable sensor module is connected
via a separable interface to a replaceable transducer module
containing the transducers and amplifiers used to measure
the characteristics of the mixture, as well as containing the
vacuum line for drawing a sample.

Advantageously, low cost, fluidic sensors measure the
flow, density, viscosity and speed of sound in gas mixtures.
Low-cost micro-electro-mechanical systems (MEMS)-
based electronic pressure transducers, low-cost integrated
circuit temperature transducers, and ultra-low cost piezo-
electric film microphones provide electronic inputs to a
MIiCroprocessor.

While fluidic measurement of the properties of a gas
mixture offers a low-cost alternative to more expensive
conventional sensors, the principles of the present invention
(i.e., determining individual gas concentrations by solving N
equations related to bulk properties of the mixture) can be
extended to include any device which measures properties of
the mixture as a whole. For example, piezo-electrically-
driven surface acoustic wave (SAW) devices have been used
to determine density and speed of sound, ultrasonic devices
can density, and electrochemical devices can measure vis-
cosity. Depending on their relative cost and accuracy
advantages, these devices may be advantageously used in
place of fluidic sensors.

In accordance with the present invention, the capabilities
of an existing sensor system for measuring M gas concen-
trations can be extended to measure N additional gas con-
centrations by measuring N-1 properties of the gas mixture
as a whole, regardless of what the gasses are, provided the
identities of the gasses in the mixture are known. For
example, many existing anesthesia machines capable of
measuring five gasses cannot measure the concentrations of
nitrogen, carbon monoxide and helium. By augmenting such
a five-gas monitor with the fluidic sensors of the present
invention, concentrations of these additional gasses can be
measured with little additional expense.

The introduction of a new anesthetic agent to the market
normally requires the development of a new sensor or at
least the identification of a new absorption wavelength with
attendant costly changes in hardware. With the universal
sensor of the present invention, only the new agent’s physi-
cal properties need to be programmed into the software,
thereby requiring no hardware changes.

Formation and solution of the N equations for the indi-
vidual concentrations of N gasses typically require that the
identity of the N gasses be known, together with their
inherent individual properties of the gasses, such as density,
viscosity, and specific heat. However, while determining
individual concentrations of gasses, the sensor system of the
present invention can also determine or verify the identity of
an unknown gas in a pure form or in a mixture of other,
known gasses.

In accordance with one embodiment, the fluidic sensors of
the present invention can be used to determine or verify the
identity of a gas flowing from a source. Specifically, the
identity of a single, unknown gas can be determined by
fluidically measuring properties of the gas, such as density
and viscosity, and comparing the measured values to known
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properties of a gas (e.g., in a look-up table). The identity of
the unknown gas can be verified or determined by matching
the measured values to those of a known gas.

In accordance with another embodiment of the present
invention, the same fluidic measurement device can be used
to determine the identity of one unknown gas in a mixture
of N gasses of unknown concentrations, where the identities
of the other N-1 gasses in the mixture are known. According
to one approach for identifying the unknown gas, N prop-
erties of the gas mixture are measured; N-1 of the properties
are used to generate N-1 equations which, together with the
constitutive equation, are solved for N concentrations, where
the properties of the unknown constituent are assumed to be
those of a particular gas; the computed N concentrations and
the measured value of the Nth property of the mixture are
used to calculate the Nth property of the unknown gas which
is then compared to the known Nth property of the gas
assumed to be the unknown gas (for purposes of calculating
the concentrations); and different gasses are tried (i.e.,
assumed to be the unknown gas) in this process until the
comparison yields a match or all potential gasses have been
tried without a successful match. This approach provides an
absolute identification of the unknown gas, since a match
cannot occur with an incorrect gas.

According to another approach, where there is a sufficient
concentration of the unknown gas, only N-1 (rather than N)
properties of the gas mixture are measured and used to
generate N-1 equations which, together with the constitu-
tive equation, are solved for N concentrations, where the
properties of the unknown constituent are assumed to be
those of a particular gas. If the unknown gas was assumed
to be a gas other than the correct gas, the solution to the
equations will yield concentrations that are not within pre-
determined expected ranges for at least one of the gasses;
conversely, if the unknown gas was assumed to be the
correct gas, the solution to the equations will yield values of
individual concentrations that are within expected ranges
(i.e., a match). Different gasses are tried (assumed to be the
unknown gas) in this process until a match is found or all
potential gasses have been tried. This approach provides a
probable identification of the unknown with a very low
probability of error and, relative to the previously-described
approach, requires one less property of the mixture to be
determined (or can identify an unknown gas in a mixture
having one additional gas).

All of the above gas analyses can be performed with the
same sensors; only the processing software varies with the
different applications. The mixture properties are preferably
calculated from measurements made with fluidic sensors
that output pressure, acoustic frequency, and temperature,
which can be transduced electronically with very small,
rugged, durable, low cost transducers. Further, no user
calibration of the sensors is required, thereby further reduc-
ing the manufacturing and operational costs.

The above and still further objects, features and advan-
tages of the present invention will become apparent upon
consideration of the following definitions, descriptions and
descriptive figures of specific embodiments thereof wherein
like reference numerals in the various figures are utilized to
designate like components. While these descriptions go into
specific details of the invention, it should be understood that
variations may and do exist and would be apparent to those
skilled in the art based on the descriptions herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of an analog circuit
of a flowmeter, capillary and orifice arranged in series.
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FIG. 2a schematically depicts half of a cycle of the
operation of a conventional fluidic oscillator flowmeter.

FIG. 2b schematically depicts the second half of a cycle
of the operation of a conventional fluidic oscillator flowme-
ter.

FIG. 3 presents data in graphical form showing the linear
dependence of oscillator frequency on through flow in one
flowmeter that is used in the present invention, illustrating
that the linear flow-frequency characteristic of the flowmeter

12

of the present invention. Although the following description
is primarily concerned with medical gas analyzers, the
present invention is not limited to the preferred embodiment
but is applicable to other gas analysis applications,
including, but not limited to, industrial production of gasses,
atmospheric analysis, pollution tracking and other applica-
tions for the detection and analysis of chemical and biologi-
cal agents. In addition, the present invention is not limited to
a specific number of gasses that are in a mixture or for that

is independent of which gas is flowing. 19 matter only fluidic sensors, but rather, since properties of

FIG. 4 graphically shows the relationships between the gasses can be measured using a variety of low cost electronic
pressure drop and flow for a capillary resistor and orifice and hybrid electro-fluidic devices, the present invention may
used in one embodiment of a three-gas analyzer. extend to low cost scientific gas analysis of large numbers of

FIG. 5a is a schematic representation of a three-gas . gasses. Furthermore, the present invention is not limited to
analyzer in accordance with the present invention. the analysis of only gasses, because it should be recognized

FIG. 5b is a flow chart summarizing the processing steps that substantially the same methods and apparatus may be
involved in determining the individual concentrations of the applied to the analysis of mixtures of liquid fluids as well,
constituent gasses in a mixture of three known gasses. as long as sufficient differences in mixture properties occur

FIG. 5c¢ is a schematic representation of a modular three- 20 due to the changes of concentrations of the constituents of
gas analyzer including a disposable sensor module. the fluids.

FIG. 6 is a perspe.ctlye view Of, a t.hree-g.as .analyzer In accordance with the present invention, individual con-
constructed with fluidic integrated circuit laminations apd centrations of fluid constituents of a mixture of N known
external, separable., pressure transducers in accordance with fluids are determined by measuring characteristics of the
the present invention. 25

FIG. 7a shows in graphical form actual real time data of
the outputs of a three-gas analyzer measuring oxygen,
carbon dioxide and halothane (i.e., a potent volatile
anesthetic), from a three gas analyzer.

mixture flowing through a number of sensing devices,
determining N-1 properties of the mixture from the mea-
sured characteristics, establishing N-1 equations relating the
individual concentrations of the fluid constituents to the N-1
properties of the mixture, and solving the N-1 equations and

FIG. Zb ShOWS e.Xemplary real .tim.e traces Of oxygen qnd Y a constitutive equation in real time for the individual con-
cart()ion (;110X1de Qurlng actual respiration in an air monitoring centrations of the fluid constituents.
mode of operation. . Lo . .
FIG. 7c¢ shows the response of the system of the present More part.lcularly., 1nd1V1dfuail con(i:ntranons of Consmtl)l'
invention to a calibration gas composed of 95% O, and 5% ent gasses In a mixture of three known gasses can be
co 35 determined by fluidically measuring any two independent
2. . . L
FIG. 8 shows data in graphical form of frequency versus propertics of thp mixture. For example, by detf.:rmlr}mg the
the square-root of ratio of specific heats to molecular weight dens#y and viscosity Pf the mixture (or viscosity and
for a long feedback line fluidic oscillator specific heat, or density and specific heat), the three
FIG. 9 i h . . faf unknown concentrations of the three known gasses in the
I - AaIs de'l s¢ erﬁatlc fepresentation of a four-gas . three-gas mixture can be determined by solving three inde-
sl st et nton. - i squton Wi s Mo of i
: unknown concentrations to the properties of the mixture.
involved in determining the individual concentrations of the Prop
constituent gasses in a mixture of five known gasses. FIG.1isa s.ct.lematic represer.ltation of a gas concentration
FIG. 9c is a schematic representation of a four-gas ana- ,; SCLSOT COMPIISINg a property-;ndependent flowmeter 13 a
lyzer including a disposable sensor module. f:ap.lll.ary 2 and an orlﬁce 3, Whlch.can be used to dete;mme
FIG. 10 is a schematic illustration of an exemplary visual individual concentrations of constituent gasses in a mixture
output from a virtual instrumentation package. of thrf?e known gasses. The. viscosity (u) ar}d density (p) of
FIG. 114 is a diagrammatic representation of a gas iden- the mixture can be determined by measurm.g:.the ambient
. . o . . pressure (P,,,); the frequency (f,) of a fluidic flowmeter
tification device in accordance with an exemplary embodi- 50 . . L .
ment of the present invention. oscillator when flowmeter 1 is a fluidic feedba.ck oscillator
FIG. 115 is a flow chart summarizing the processing steps ﬂhowmeter; tt:ie pressure drop (AP(%? ac;oss caplll(;lry % anﬁ
. T .. o . . . the pressure drop (AP,) across orifice 3 in accordance wit
involved in determining or verifying the identity of a single, the Ifjou owing ¢ quREﬁ o H)S'
pure gas supplied from a source. ’
55

FIG. 12 is a function flow diagram illustrating the pro-
cessing steps required to determine the absolute identity of
an unknown gas in a mixture of gasses in accordance with
one embodiment of the present invention.

FIG. 13 is a function flow diagram illustrating the pro-
cessing steps required to determine the probable identity of
an unknown gas in a mixture of gasses in accordance with
another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following detailed explanations of FIGS. 1-13 and of
the preferred embodiments reveal the method and apparatus

60

65

AP, = kyuQ +kpQ? m
where: ky = 12Lc(bc/hc +he/be+ %)/[bchc]z;
k2 = 1/[20hebe)™];
AP, = kspQ + kapQ?; @
where: k3 = 121@(b0/h0 +ho by + %]/[boho]z;
ky = 1/[2000)%];

and
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-continued
0=ko[1/10-kep?]

where: kg = 32b§ha;

&)

1
ko = 2L | (Pany)?

where b, h,, and L, are respectively the width, height and
length of capillary 2 with rectangular cross-section, b, h,,
and L, are respectively the width, height and length of
orifice 3 with rectangular cross-section, Q is the volumetric
flow rate through the flowmeter 1, b,, ha, and L, are
respectively the width, height and acoustic path length
through an oscillator flowmeter 1, and y is the mixture ratio
of specific heats which is assumed to be constant. This is
valid because the acoustic correction (k,p"?) is very small,
and the variation of the correction is also small, resulting in
a virtually indiscernible error. In the three-gas analyzer
embodiment, the ratio of specific heats is not determined
from measurements and must be estimated. For example, for
respired gasses (not containing anesthesia), the ratio of
specific heat can be estimated to be ~1.4.

Pressure may be measured by any number of state-of-the-
art electronic pressure transducers, but in order to keep the
cost low, a low-cost, integrated circuit (IC) semi-conductor
strain gage pressure transducer (MEMS-based) can be used
(which have only recently become available, i.e., in the last
two years), provided the transducer has sufficient dynamic
range, that is, that the minimum resolvable pressure should
be approximately Yio,oooth to Vooooth of the maximum
measurable pressure. This pressure measurement is, of
course, performed independent of the properties of the gas.

Equations 1-3 contain three unknowns (flow rate Q,
viscosity u, and density p); thus, these three equations can be
solved for the unknowns, and the viscosity u and density p
of the mixture can be determined therefrom. It should be
understood that equations 1-3 describe the inherent rela-
tionships between the characteristics of the mixture in flow
devices of a particular geometry (i.e., the frequency in an
oscillator and the pressure drops in a capillary and in an
orifice) and the physical properties of the mixture (i.e.,
density, viscosity and flow rate). It will be understood that
these equations vary with different sensor geometries (e.g.,
non-rectangular cross-sections). Further, higher order terms
can be included for greater precision. Conversely, the equa-
tions can be simplified to include only first order terms at the
potential expense of some precision. See for example,
equations (1) and (2) in the aforementioned provisional
patent applications 60/055,982 and 60/069,422 which do not
include higher order terms. In these simplified equations, the
pressure drop across the orifice is assumed to be propor-
tional to the density and to the square of the flow rate (and
independent of viscosity), and the pressure drop across the
capillary is assumed to be proportional to the viscosity and
to the flow rate (and independent of density), where the flow
rate is assumed to be proportional to the oscillator frequency
(and totally independent of gas properties, including density
and specific heat). Thus, while the density and viscosity (and
flow rate) are determined from the oscillator frequency and
the orifice and capillary pressure drops based on inherent
relationships, it will be understood that the present invention
is not limited to any particular set of equations for deter-
mining the density and viscosity or any other properties of
the mixture.

FIGS. 2a and 2b illustrate the operation of a fluidic
amplifier feedback oscillator flowmeter which can be used
as flowmeter 1 in the system of the present invention.
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Referring to FIG. 24, the mixture flow passes into the
amplifier 5 through a supply nozzle 12, and the jet oscillates
by using negative feedback. Fluid flow transit time mea-
surement using a fluidic amplifier feedback oscillator flow-
meter 5 has been the subject of numerous previous inven-
tions (e.g., U.S. Pat. No. 3,640,133 to Adams, the disclosure
of which is incorporated herein by reference in its entirety)
where the period of oscillation is proportional mainly to the
transit time of the gas across the transit distance 6 of the
fluidic amplifier 5. In general, the period is made up of two
parts; the transit time of the fluid flow from the inputs 7 to
the outputs 8 (transit distance 6) and the feedback time of the
acoustic signal through the outputs back to the inputs
through the feedback line 9. Vents 10 collect the fluid flow
and pass the fluid to an exhaust port or, in the present
implementation, connect to the downstream orifice and
capillary. By making the fluid transit time long compared
with the acoustic feedback (i.e., by making the acoustic
feedback path 9 short and the flow velocity low), the
frequency is essentially inversely proportional to only transit
time and thus directly proportional to the velocity or flow
rate. Since fluid transit time does not depend at all on any gas
properties, frequency is therefore largely independent of
density and viscosity and is essentially dependent only on
flow which is the product of the nozzle area times the transit
distance divided by the transit time which in the period of
the oscillation frequency. FIG. 2b shows the second half of
the oscillation cycle. FIG. 3 shows the calibration for one
such oscillator with feedback around a 2.1:1 aspect ratio, ten
mil nozzle width, standard Government C/2-format 51021
fluidic amplifier. The calibration is the same regardless of
the gas (e.g. air, oxygen or carbon dioxide). In fact, it is the
same if the fluid is water. The frequency is completely linear
up to flow rates of as much as 100 mL/minute for all gasses.

Note that, strictly speaking, even under the foregoing
conditions, the oscillator frequency depends at least to some
degree on the density and the ratio of specific heats of the
sample gas (due to the acoustic feedback time component),
as seen from equation (3). Thus, where the ratio of specific
heats can be accurately estimated, it is desirable to use
equation (3) to determine the flow rate. However, where the
ratio of specific heats is not measured and is difficult to
estimate (e.g., where anesthetic gas is present), the assump-
tion that flow rate is proportional to the oscillator frequency
and independent of gas properties still may provide accept-
able results albeit with some small loss of accuracy.

The equations from which the constitute gas volume
concentrations are determined are formulated as described in
the following paragraphs.

The density of a mixture of gasses, p,,;,» 1S equal to the
sum of the products of the concentrations, C;, and the
specific densities, p;, as determined by applying the law of
conservation of matter:

Prix=2p,Cs- ©
The viscosity of a gas mixture is related to the concen-
trations of the individual gas components, as determined
from the principles of the kinetic theory of gasses, and as
shown by the relationship between mixture viscosity and
individual concentrations (see Golubev, “Viscosities of Gas-
ses and Mixtures”, NTIS Doc. TT70-50022, 1970, incorpo-
rated herein by reference in its entirety), which relationship
is given by:
Ui Z[Ct ICAHZCH, =1, - ., K i ®
where

¢ij=[1 +(/li/#j) 1/2(Mj/Mi)1/4]2/2' 828[ 1+Mi/Mj]1/2>
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k is the number of constituents, and M, is the known
molecular weight of the ith component of the mixture.

If only three-gas mixtures are of interest, the third equa-
tion relating the constituent concentrations is the constitutive
equation, which states that the sum of the volume concen-
trations of all of the gasses must equal unity,

SC1. (6)

The resulting system of three algebraic equations can be
uniquely solved, in real-time, for the individual
concentrations, C,. A microprocessor, or other computa-
tional mechanism (e.g., a personal computer, etc.) can be
readily programmed to solve this set of equations.

The characteristics of the sensing capillary and orifice are
typically shown in FIG. 4, and are chosen in such a manner
to minimize the amount of flow that needs to be sampled
under operating room conditions (i.e., 50—60 ml/min, or less
than half that sampled by conventional IR devices).

Equations (1)~(6) may be programmed on a micropro-
cessor or computer, and voltage data from pressure trans-
ducers for, AP, and AP_, and the output of a frequency-to-
voltage (F/VN) converter (e.g., Burr-Brown monolithic
frequency-to-voltage IC chip), which gives a voltage pro-
portional to flowmeter frequency, {z,,,,,,..,» may be acquired
using appropriate analog-to-digital converters. In addition,
since the values of the density and viscosity of the known
constituents depend on absolute pressure and temperature
(e.g., p; and g, in equations 4 and 5), these two parameters
must also be measured, giving rise to two additional voltages
that must be provided to the microprocessor. The resultant
concentrations may be plotted in real time on a computer
CRT or LCD screen in multiple colors in separate traces, or
in any other convenient manner.

An example of a gas analysis system including a
flowmeter-capillary-orifice structure capable of three-gas
analysis in a monitor for determining concentrations of
constituents within respired gasses is illustrated in FIG. 5a.
The monitor essentially includes a microprocessor board 13
(e.g., stand alone or within a computer) and a multi-use
fluidic gas sensor having a fluidic circuit with an oscillator
flowmeter 14 in series with an orifice 15 and a capillary 16.
A patient 17 inspires and exhales into a face mask 18, and
a side stream sampling port 19 samples the gas near the face
mask 18. Sample gas passes through a desiccant 20 which
removes any water vapor (which comprises of a fourth gas)
that might affect readings. Prior to entering the oscillator
flowmeter 14, the ambient fib absolute pressure of the
sample is measured by a pressure sensor 21 and directed to
microprocessor 13 via a multiplexer 22 and an analog-to-
digital (A/D) converter 23. Multiplexer 22 includes sample
and hold registers 24 corresponding to each signal sent to
microprocessor 13 from the sensors.

Temperature sensor 25 outputs a voltage proportional to
the ambient gas temperature, wherein the output is amplified
by electronic amplifier 26 and directed to microprocessor 13
via multiplex 22 and A/D converter 23. The densities and
viscosities of the individual gasses are precisely known
functions of temperature and pressure; thus, the measured
absolute pressure and temperature are utilized to determine
the densities and viscosities of the constituent gasses which
are needed to determine the gas concentrations (e.g., see
equations (4) and (5)).

The sample flow rate is then measured in the oscillator
flowmeter 14. A pair of low-cost electret microphones (not
shown) or ultra-low cost piezo-electric film microphones
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pick up two 180° out-of-phase oscillating pressure signals in
each feedback leg and are electrically differenced (in order
to cancel out ambient noise which is in phase on both
microphones) and amplified by an electronic amplifier 27.
This amplified periodic signal may be fed into a frequency-
to-voltage (F/V) converter 28, and a voltage proportional to
the flow rate is applied to the microprocessor 13 via multi-
plexer 22 and A/D converter 23. Alternatively, a high speed
frequency counter may read the frequency directly in the
MICTOProcessor.

The flow exits the flowmeter 14 and enters into a capillary
resistor 16. The pressures at the ports 29 and 30 at either end
of the capillary are fed into a differential pressure transducer
31, such as a low-cost micro-electro-mechanical systems
(MEMS)-based electronic pressure transducer (e.g., Data
Instruments SURSENSE transducer), and the output voltage
is transmitted to the microprocessor 13 via multiplexer 22
and A/D converter 23. The flow then continues through
orifice 15 and the pressure at the ports, representing the
upstream and downstream pressures across the orifice 15, is
measured by yet another differential pressure transducer 32.
The voltage from transducer 32 is transmitted to micropro-
cessor 13 via multiplexer 22 and A/D converter 23. In the
embodiment shown in FIG. 54, a vacuum source down-
stream of orifice 15 provides the negative pressure to sample
breath through the sensors. Alternatively, the flow may be
driven through the circuit by the patient’s breath pressure
provided sufficient pressure can be guaranteed (this is not
always possible with respiratorily compromised patients or
those who are not breathing spontaneously).

Microprocessor 13 can drive a display (not shown), such
as a CRT which continuously may display the concentra-
tions of any or all of the three gasses as well as providing any
desired numeric outputs, such as respiration rate, numeric
values of concentrations, as well as any limits. Optionally,
the display may be a liquid crystal display (LCD), wherein
the device is a compact battery-operated device with a
detachable disposable sensor, wherein the sensors are small
enough to be located right on a patient mask or tube. This
permits the device to check exhaled oxygen and carbon
dioxide at any desired location. Use of electronics with
memory provides for recall of previous data for comparison.
Also, the microprocessor may be programmed to provide
visual and aural alarms in the event of particular occurrences
such as overdosing, poor metabolization of oxygen, low or
high respiration rates and any other functions as may be
desired.

The system produces a real time output of individual
concentrations of constituent gasses with no artifacts. The
response time of less than 100 ms is fast enough and the side
stream sample size is small enough for accurate monitoring
of neonates and children.

The embodiment of FIG. 5a may be utilized in various
locations, such as the home within a home therapy device,
or ambulances and other locations experiencing field trauma
within an emergency medicine device for validating venti-
lation and checking for proper intubation of a patient. In this
case, the three respired gasses are oxygen, carbon dioxide,
and a known, fixed mixture of nitrogen, argon and other
trace gasses. This nitrogen mixture gas remains constant in
its constituent concentrations, none being metabolized. The
three-gas monitor may be used with ventilator-dependent
patients, patients with respiratory insufficiencies or patients
having or suspected of having a compromised respiratory
system wherein the monitor may be used in various
locations, such as ambulances, hospitals and/or sub-acute
care facilities, and during patient transport between these
facilities.
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FIG. 5b is a flow chart summarizing the above-described
processing steps (steps 33-39) involved in determining the
individual concentrations of the constituent gasses in a
mixture of three known gasses.

In another more efficient embodiment, the nozzle of the
flowmeter itself is used as an orifice instead of a separate
orifice so that the measurement of the pressure drop across
flowmeter nozzle serves the same purpose. That is, the
fluidic amplifier feedback oscillator serves as both a flow-
meter and an orifice.

Preferably, the flowmeter, capillary and orifice are formed
on a plate-like module that is disposable after each use to
eliminate the possibility of contamination and to simply
sterilization of the gas analyzer system. FIG. Sc illustrates a
modular three-gas respiration monitor utilizing a disposable
sensor module 40. Preferably, disposable sensor module 40
comprises a small, thin, plastic chip containing fluidic
sensors. The disposable sensor module 40 receives respired
gasses sampled from a side-stream sampling port 19. An
on-chip desiccant 41 removes any water vapor that might
affect readings, and the desiccated gas mixture flows through
a flowmeter 42 and then through a set of substantially
parallel capillaries 43. The capillary comprises multiple
parallel channels to facilitate accurate manufacture
(fabrication errors are thus self-canceling) as well as to
provide for a low resistance, thereby minimizing vacuum
requirements.

The disposable sensor module 40 is connected to a
replaceable transducer module 44 by a separable interface
45. The cost of the replaceable transducer module 44 is low
enough to permit it to be discarded in the event of a
catastrophic contamination by infected fluids or damage in
the field. The transducer module 44 contains the transducers
necessary for sensing the temperature and pressures of the
gas mixture in the fluidic devices in the disposable sensor
module 40. The separable interface 45 conveys electric
signals from temperature and microphone sensors, connects
pressure transducers to appropriate points in the fluidic
sensors, and receives the sample flow exhausted from the set
of capillaries 43. The transducer module 44 is connected to
a low cost expendable electronics module 54 via a replace-
able vacuum line and electrical wire umbilical 55. The
expandable electronics are low enough in cost so that they
would not constitute a separate budget item but, rather,
would be a regularly stocked item.

Prior to entering the oscillator flowmeter 42, the ambient
pressure of the gas sample is measured by an absolute
pressure transducer 46 on board transducer module 44. The
eta voltage from transducer 46 is transmitted via umbilical
55 to a sample and hold circuit of a multiplexer 56 on board
the electronics module 54. An A/D converter 57 converts the
analog signals generated by the sample and hold circuit of
multiplexer 56 into a digital signal that is supplied to a
microprocessor 58.

A temperature sensor provides a voltage proportional to
the ambient gas temperature, and the output voltage is
amplified by electronic amplifier 47 on board transducer
module 44 and transmitted via umbilical 55 to the multi-
plexer 56, A/D converter 57 and microprocessor 58.

The sample flow rate is then measured in the oscillator
flowmeter 42. A microphone 48 picks up the oscillating
pressure signals which are amplified by an electronic ampli-
fier 49 on board transducer module 44. The output of
amplifier 49 is supplied via umbilical 55 to a frequency
counter 59 in electronics module 54. Frequency counter 59
may employ a high-frequency electronic oscillator which is
gated by the frequency signal from amplifier 49 to produce
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areal-time digital frequency measurement which is provided
directly to microprocessor 58. This simplified arrangement
advantageously eliminates the need for a frequency-to-
voltage converter and the need for subsequent A/D conver-
sion of the frequency signal. The flow exiting flowmeter 42
enters into a capillary entrance 50.

In the exemplary embodiment shown in FIG. 5¢, the
oscillator 42 functions as both the flowmeter and the orifice.
Specifically, a differential pressure transducer 51 on board
transducer module 44 measures the pressure drop across the
oscillator flowmeter (orifice) 42 by measuring the difference
between the pressure upstream of the amplifier nozzle at the
entrance to the flowmeter oscillator 42 and the pressure
downstream in the amplifier vent region at the capillary
entrance 50. The output voltage from pressure transducer 51
is transmitted via umbilical 55 to multiplexer 56, AND
converter 57 and then to microprocessor 58 on board elec-
tronics module 54.

The structure and operation of the parallel capillary
arrangement will now be described. As shown in FIG. 5c¢, a
single capillary entrance 50 and a single capillary exit 52 are
connected via a plurality of substantially parallel capillaries
43. Capillary entrance 50 extends longitudinally in a direc-
tion substantially perpendicular to the longitudinal direction
of the capillaries 43, with each of the capillaries 43 extend-
ing from one longitudinal side of entrance 50. Capillary
entrance 50 receives the sample gas flow from the output of
flowmeter 42 and distributes the flow to the plurality of
capillaries 43. Capillary exit 52 extends longitudinally in a
direction substantially perpendicular to the longitudinal
direction of the capillaries 43, with each of the capillaries
terminating on one longitudinal side of the capillary exit 52.
A differential pressure transducer 53 on board transducer
module 44 measures the pressure drop across all of the
capillaries by measuring the difference between the
upstream pressure at a point within a capillary and the
downstream pressure at the capillary exit 52. The output
voltage from pressure transducer 53 is transmitted via
umbilical 55 to multiplexer 56, A/D converter 57 and then
to microprocessor 58 on board electronics module 96.

The parallel capillary structure provides a number of
advantages. Specifically, each individual narrow capillary
has a relatively high level of flow resistance, which is
desirable for accurately measuring the pressure drop across
one of these capillaries and minimizing entrance flow
effects. However, the multiple capillaries allow a relatively
high overall flow rate to be maintained. That is, in a manner
analogous to electrical resistance, while the flow resistance
in a single capillary is relatively high, the overall flow
resistance is significantly lower due to the parallel arrange-
ment of the capillaries, which collectively allow a much
greater flow.

Additionally, by reducing the flow (and consequently the
Rayleigh number) in each channel, the parallel capillary
arrangement significantly reduces the length over which
non-linear entrance effects are felt before the flow becomes
fully developed in the capillary. By reducing this entrance
effect, the length of the capillary required for an accurate
linear pressure measurement relative to flow is reduced.

The parallel capillary arrangement also makes manufac-
turing repeatability simpler, cheaper and more feasible.
Specifically, required manufacturing tolerances are a func-
tion of the required accuracy of the pressure measurements,
since the dimensions of the capillary are assumed to have
certain values (geometric constants) in the computation of
viscosity and density (see equation 1). However, with the
multiple capillary arrangement, the impact of random varia-
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tions in the dimensions of individual capillaries diminishes
with an increasing number of capillaries. By way of
example, in the case of a single capillary with a nominal
width of 0.25 mm, in order to ensure that device-to-device
differences in air flow resistance are no greater than in the
fifth significant digit, the manufacturing tolerances would
have to be in the nanometer range. However, since devia-
tions in width occur randomly, the deviations tend to cancel
out if sufficient numbers of capillaries are used in parallel.
For example, putting two capillaries in parallel reduces the
effects of fabrication errors by a factor of ten. Four capil-
laries in parallel will reduce the effects of fabrication errors
by another factor of ten, and eight capillaries in parallel will
reduce the effects by yet another factor of ten. Thus, by using
eleven capillaries in parallel, as shown in FIG. Sc, the effects
of dimensional variations can be reduced by well over three
orders of magnitude, providing effective nanometer toler-
ances (and the manufacturing repeatability associated
therewith) with actual tolerances on the order of microns,
which are readily achievable with standard precision manu-
facturing methods such as precision injection molding.

The aforementioned manufacturing repeatability is an
important aspect of producing a low-cost device, since it
obviates the need for individual unit characterization during
manufacturing and eliminates the need for user calibration
prior to or during use of the system. Specifically, the
aforementioned fabrication tolerances allow the geometric
constants used in equations 1-3 to be known a priori or to
be characterized during production in the factory. By mea-
suring the pressure-flow (P-Q) characteristics of a single unit
using calibration gasses with precisely known properties
traceable to primary standards and fitting the known func-
tional relationships to the data, extremely accurate regres-
sions can be used to evaluate the geometric constants which
can then be used for other units; thus, geometric character-
ization of a single unit can obviate the need for individual
unit characterization. Given electronic pressure transducer
stability and the fact that the equations to be solved are
derived from first principles, no user calibration is ever
required throughout the lifetime of the system.

While shown in FIG. 5c¢ as being physically parallel,
capillaries 43 can be arranged in any convenient manner,
provided that they produce parallel flow resistance between
a common entrance and a common exit. Thus, as used
herein, the term “parallel” connotes parallel air flow resis-
tivity but not necessarily a physically parallel arrangement,
while the terms “physically” or “substantially” “parallel”
connote the actual physical arrangement of the capillaries.

From capillary exit 52, the sample gas is routed through
a gas exhaust passage of separable interface 45 to transducer
module 44 and then through umbilical 55 to a vacuum pump
89 located inside the enclosure holding the electronics
module 54, from which the gas is exhausted to the atmo-
sphere through an appropriate filtering mechanism.

Microprocessor 58 controls a liquid crystal display 60
which displays medical information derived from the mea-
surements processed by microprocessor 58, including indi-
vidual concentrations of the gasses of interest of the sample
gas mixture.

Referring now to FIG. 6, a perspective view of actual
hardware is shown illustrating the small size (shown relative
to a coin, ie., a U.S. quarter dollar), compactness and
simplicity of the device which provides a low cost. FIG. 6
shows a stack of fluidic metal laminations held together with
screws which may be replaced by diffusion-bonded stack or
injection molded assemblies in production devices.

As disclosed in the above-mentioned provisional
applications, the above-described three-gas analyzer can be
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used to determine concentrations of respired anesthesia
gasses. In this case, after analysis, the exhaled gasses may be
scrubbed of carbon dioxide in a scrubber filter and returned
to the anesthesia machine. By way of example, the present
invention may be utilized to analyze a set of gas mixtures
that are typically encountered in actual anesthesia practice,
such as oxygen, O,, carbon dioxide, CO,, and the potent
anesthesia agent, halothane, C,HBrCIF;. This gas mixture is
one that occurs after a short time (e.g., about 7 minutes) after
a patient has expelled all residual dissolved nitrogen and,
under a relatively common situation, where the potent
anesthetic is administered alone without nitrous oxide (e.g.,
standard practice is to reduce the concentration of potent
anesthetic by providing a high dose of nitrous oxide, N,O,
which is thought to mitigate side effects of the potent
anesthetic). This simpler mixture is now often used with
children and obstetric cases as it is advantageous because the
danger of suffocation in nitrous oxide in the event of a loss
of oxygen is reduced. The administration of a single anes-
thesia agent without nitrous oxide, however, is still typically
not standard general practice.

FIG. 7a shows three exemplary real time traces of the
concentration histories during simulated respiration of an
anesthetic mixture. Respiration is simulated by periodically
adding about ten percent carbon dioxide. When CO, is
added, the concentrations of oxygen and halothane decrease
(e.g., if the gas was actually respired, the concentration of
halothane remains approximately constant because the
amount of oxygen and carbon dioxide relative to the hal-
othane is fixed since the oxygen is metabolized into carbon
dioxide, that is, only O, and CO, are out of phase). Hal-
othane is resolved to about +0.05% volume concentration.
By specifically measuring the physical properties of the
mixture, specificity of the individual concentrations is auto-
matically ensured.

FIG. 7b shows exemplary real time traces of oxygen and
carbon dioxide during actual respiration of an adult male
when the monitoring mode is for air (a three-gas mixture Of
0,, CO, and pseudo-nitrogen (N,+Ar+traces)). The typical
capnographic trace of CO, shown a well-defined sharp rise
to a plateau with an end-tidal value just preceding inhalation.
The noise represents less than 0.5% volume upon concen-
tration. As seen in the circled portion of the traces, irregu-
larities in the traces indicate premature ventricular contrac-
tions.

FIG. 7c shows the system response to a calibration gas
composed of 95% O, and 5% CO,. This time trace begins
with the sensor sampling dry air and initially shows the
constituents of air as 79% N,+traces, 21% O,, and approxi-
mately 0% CO,, as is expected. When the calibration gas is
turned on, the nitrogen concentration goes to zero, the
oxygen concentration rises to approximately 95%, and the
CO, concentration rises to almost exactly 5%. Noteworthy
here is the accuracy and resolution of CO,. The accuracy is
+0.25 volume % as shown by the average value of CO,, and
the resolution is also +0.25 volume % as demonstrated by
the noise of the measurement. It is instructive to note that the
accuracy and resolution is the same for all three gasses
measured. This is because of the way the concentrations are
reconciled by the constitutive equation (concentrations sum
to one). This has a very important implication on the
measured values of O,. Since the accuracy is independent of
concentration value, this measurement technique gives rise
to significantly better accuracy at high concentration levels
than conventional sensors which normally have an accuracy
which is a fixed percentage of the concentration. Thus, a
conventional O, sensor that provides readings accurate to
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*+2% of reading may be quite accurate at low concentration
levels (at 10% concentration the accuracy would be 0.2
volume percent) but less accurate at high concentration
levels (at 95% concentration, the accuracy is 2 volume
percent). In contrast, the device of the present invention
maintains its 0.1 volume percent accuracy over the entire
range of concentrations, e.g., 95+£0.25% and 10£0.25%.

In order to determine the individual concentrations of four
gas constituents in a mixture of four gasses, an additional
property, independent of density and viscosity, must be
measured. The specific heat at constant pressure, c,,, is one
such property. It is a unique gas property independent of
density and viscosity and is normally determined by mea-
suring the speed of sound in the gas. From the kinetic theory
of gasses, the speed of sound, a, is defined as:

a=[yR, T/M]*? @

where R, is the universal gas constant, T is the absolute
temperature, M is the molecular weight and y is the ratio of
specific heats, c,/c,, ¢, being the specific heat at a constant
volume. Molecular weight, being directly proportional to
density, is available from the sensor densitometer function.
The specific heats ¢, and ¢, are related by the gas constant
and molecular weight:

e+ To (72)

Cp o

From equations (7) and (7a), the following expression for c,,
can be derived:

__ 1 ®)
PT M T
Ry &

[

Since density p is related to molecular weight M and
absolute pressure P, , (terms that are measured), equation
(8) can be rewritten as:
C,32 1/[T(pmix/Pamb-1/a>)] (82)
As noted previously in the design of the fluidic flowmeter
oscillator, the frequency of a fluidic feedback oscillator
depends on the transit time of the fluid from the input ports
to the output ports of the interaction region, and the acoustic
feedback time from the output ports back to the input ports.
In general, frequency f of the sonic oscillator and the

Sonic

flow rate Q are related to the speed of sound by:
a=2Lﬂ7A/[1/fsonic_4xprbAhA/Q] ©

where L, is the path length of the feedback lines, x,,,, is
path length from the input ports to the output ports of the
oscillator interaction region, and b, and h, are the oscillator
supply nozzle width and height, respectively. By making the
path length of the feedback lines long, the acoustic delay
becomes the dominant term relative to the transit time. In
general, therefore, if the frequency f of a sonic oscillator is
proportional only to the speed of sound,

a=kf ;e
then the ratio of specific heats (and consequently the specific
heat, c¢,) of a mixture can be determined from the
relationship,

Vi Kfsomic ] Myin/ R, T 10)
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FIG. 8 shows a plot of the frequency of an early DRT
model 51009 sonic oscillator with approximately ten inch
long feedback lines as a function of the square root of y/M.
The data is roughly linear. The data points corresponding to
different ratios of y and molecular weights are obtained by
operating the oscillator with various gas mixtures of known
concentrations.

The relationship between the concentrations of the vari-
ous gasses and the specific heat is a similarly simple linear
relationship as was the case with density and molecular
weight. The specific heats of the mixture are related to the
individual component specific heats by weight fraction of
each component; thus,

Cpmix = C1Mycpp + CoMacpr + ... (11)

N (12)
Cpmix = Z CiM;cp;

and

Comix = C1Mycyp + CoMaeyn + ... (13)

or

N (14
Cymix = Z CiMicy;

Thus, by measuring the three properties of density, vis-
cosity and a specific heat of a mixture of four gasses, four
independent equations (equations 4, 5, 6 and 12 or 14) can
be solved for the four unknown concentrations of the
individual four gasses.

In the context of anesthesia gas administration, determi-
nation of the concentrations o of five gasses can be achieved
without measuring an additional independent property (i.e.,
by measuring only these three properties) by adding an
additional piece of information to solve for the fifth gas.
Five-gas mixtures typify modern anesthesia administration.
The five gasses are typically: nitrogen, oxygen, carbon
dioxide, nitrous oxide, and a potent, volatile anesthetic
agent. Nitrogen is the primary component of air and is
typically present in respired gasses, and even when the
administered gasses are free of nitrogen (which is typically
the case during administration of anesthesia) nitrogen
remains present as a residual for several minutes from
previously having breathed air. The ability to measure
nitrogen is a major safety benefit during administration of
anesthesia, since a sudden small presence of nitrogen may
indicate an air embolism, and a large presence may indicate
a loss of breathing circuit integrity (e.g., a leak in the
system).

Measurement of the concentration of oxygen, which is
administered or present in air, provides redundancy to the
breathing circuit O, sensor (e.g., a Clark electrode) and
eliminates any pulse oximeter CO ambiguity. Measurement
of the concentration of CO,, which is a product of the body’s
metabolic processes, can be combined with the oxygen
measurement to provide a respiratory quotient and to vali-
date respiration.

Nitrous oxide is typically administered in combination
with a volatile anesthetic agent, and measurement of its
concentration prevents overdosing and asphyxiation. Vola-
tile halogenated anesthetic agents are administered to induce
anesthesia and include: halothane, desflurane, sevoflurane,
enflurane, and isoflurane. Monitoring of two volatile potent
anesthetic agents simultaneously when one is discontinued
and a new one is started is possible after the nitrogen
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disappears some 7—15 minutes into most normal procedures.
This capability can be provided by allowing the user to
identify the known makeup of the five gasses, that is, when
nitrogen is no longer physiologically present (i.e., when the
system shows that it is no longer present), and only four
gasses remain. At that point another, different gas compo-
nent (e.g., helium used during laser surgery or a second
anesthetic agent), can be additionally considered and/or
measured.

Importantly, however, carbon dioxide and nitrous oxide
have almost exactly the same molecular weight, density and
viscosity and very similar specific heats. Thus, these two
gasses, typically present in respired anesthesia gasses, can-
not readily be distinguished by these properties. Given
sufficient pressure transducer and flow sensor resolution,
these two gasses can be resolved; however, from a practical
aspect, resolution would have to be improved by an order of
magnitude from the current state-of-the-art. However, anes-
thesia machines typically remove carbon dioxide from the
stream of air that is inspired by the patient under anesthesia;
thus, the concentration of carbon dioxide in the inspired
gasses 1s known to be zero. This fact can be used to extend
the capabilities of a four gas analyzer to determine the
concentrations of five gasses in a typical mixture of anes-
thesia gasses.

Specifically, for purposes of solving the four equations
relating properties of the mixture to individual gas
concentrations, carbon dioxide and nitrous oxide are con-
sidered to be a single gas, and it is assumed that their
properties cannot be distinguished and are the same. Thus,
for example, equations (4), (5), (6) and (12) are solved for
the concentrations of oxygen, nitrogen, a potent anesthetic
gas, and the combination of carbon dioxide and nitrous
oxide. The individual concentrations of nitrous oxide and
carbon dioxide can then be determined in the following
manner. The combined concentration of nitrous oxide and
carbon dioxide varies cyclically with respiration, as the
concentration of carbon dioxide varies from near zero in the
inspired gasses to a maximum during exhalation. Thus, the
minimum combined concentration in each cycle can be
assumed to be the concentration of nitrous oxide, while the
concentration of carbon dioxide can be assumed to be the
difference between the combined carbon dioxide-nitrous
oxide concentration (which is varying throughout each res-
piration cycle) and the most recent minimum combined
concentration (i.e., the nitrous oxide concentration). Accord-
ing to this approach, the carbon dioxide concentration is
computed and updated throughout each cycle (as is the
concentration of oxygen, nitrogen and the anesthetic agent),
while the nitrous oxide concentration is updated once during
each respiration cycle.

Referring now to FIG. 9a, a five-gas analyzer is shown.
This analyzer is designed to generally be utilized in oper-
ating rooms, outpatient surgery centers or any facility that
uses anesthetic gasses and/or sedation, to analyze concen-
trations of multiple respired anesthetic gasses simulta-
neously. FIG. 9b is a flow chart illustrating the processing
steps involved in determining the individual concentrations
of the constituent gasses in a mixture of five known gasses.

As before in the three-gas analyzer shown in FIG. 54, the
respired gasses are side-stream sampled through a sampling
port 61 and passed through a desiccant 62 to remove all
traces of water and water vapor. The majority of the respired
gasses are passed through a soda lime filter and desiccant 79
to remove carbon dioxide and water vapor and then recir-
culated through the breathing circuit. The anesthetic gasses
(e.g., nitrous oxide and a volatile potent anesthetic) are
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supplied from an anesthesia machine 63 to the inspired
gasses. Since many anesthesia machines permit only a single
potent anesthetic to be dispensed, the opening of an inter-
locked valve may be electronically monitored and a signal
identifying which anesthetic is being dispensed is transmit-
ted to a microprocessor 64 via an electrical connection (not
shown) so that the appropriate gas parameters are used in the
equations solving for the concentrations.

Prior to entering the oscillator flowmeter 65, the ambient
pressure of the sample is measured (step 81) by a pressure
sensor 80 and directed to microprocessor 64 via a multi-
plexed RS232 port 68. Temperature sensor 69 within flow-
meter 65 provides a voltage proportional to the ambient gas
temperature, which is amplified by electronic amplifier 70
and directed to microprocessor 64 via RS232 port 68.

The sampled gas then passes through the flowmeter 65
(step 82) and generates a voltage at a frequency proportional
to flow which is amplified by electronic amplifier 66, and the
frequency is converted to a voltage proportional to the
frequency in F/V converter 67. This voltage is passed to the
microprocessor 64 via RS232 port 68. As with the three-gas
analyzer, the sampled flow passes through a viscosity sens-
ing capillary 71 (step 83) and a density sensing orifice 72
(step 84). Differential pressures across the capillary 71 and
orifice 72 are measured by pressure transducers 73 and 74,
respectively. The respective transducer output voltages are
transmitted to microprocessor 64 via RS232 port 68. The
sampled gas continues through the sonic oscillator 75 (step
85) which generates an acoustic frequency proportional to
the square root of the ratio of specific heats and inversely
proportional to the square root of the molecularweight.
Microphone 76 (or a pair of microphones as in the three-gas
analyzer) picks up this frequency which is fed into a
frequency-to-voltage (F/V) converter 77 which provides a
voltage proportional to the square root of the ratio of specific
heats y, divided by molecular weight. This voltage is sent to
microprocessor 64 via RS232 port 68. The sampled gas is
finally exhausted to a vacuum source (not shown).

In step 86, using the assumption that carbon dioxide and
nitrous oxide are a single constituent, the microprocessor 64
solves the four simultaneous equations, three involving the
three measured properties, equations (4), (5), and (12), and
the fourth being the constitutive equation, equation (6), that
requires that the sum of the concentrations be unity.

Pric = ) PiCi. @

pmic = i [[L+ (LI CDY . Cy). j#i ©)

4 (12)
Cpmix = Z CiM;cp;

SC-1. (6)

In step 88, the individual concentrations of carbon dioxide
and nitrous oxide are then determined by microprocessor 64
in the previously-described manner. The resultant concen-
trations and any other derived outputs may be presented on
display 78 which is controlled by microprocessor 64.

In most recirculating anesthesia administration systems,
exhaled gasses are scrubbed of carbon dioxide in a scrubber
filter (not shown) and returned to the anesthesia machine 63.

Preferably, the gas analysis is performed by a flowmeter
oscillator (also serving as an orifice), a capillary and a sonic
oscillator formed on a plate-like single chip module that is
disposable after each use to eliminate the possibility of
contamination and to simplify sterilization of the gas ana-
lyzer system.
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FIG. 9c illustrates a modular four-gas (five-gas for anes-
thesia administration) respiration monitor utilizing a dispos-
able sensor module 90. Preferably, disposable sensor module
90 comprises a small, thin, plastic lamination containing the
fluidic sensors. The disposable sensor module 90 receives
respired gasses sampled from a side-stream sampling port
61. An on-board desiccant 91 removes any water vapor that
might affect readings, and the desiccated gas mixture flows
through a flowmeter oscillator 92 and then through a set of
parallel capillaries 93.

The disposable sensor module 90 is connected to a
replaceable transducer module 94 by a separable interface
95. The cost of the replaceable transducer module 94 is low
enough to permit discarding in the event of a catastrophic
contamination by infected fluids or damage in the field. The
transducer module 94 contains the transducers and amplifi-
ers necessary for sensing the characteristics of the gas
mixture in the fluidic devices on board the disposable sensor
module 90. The separable interface 95 conveys electric
signals from temperature and microphone sensors, connects
pressure transducers to appropriate points in the fluidic
sensors, and receives the sample flow exhausted from the
sonic oscillator 108. The transducer module 94 is connected
to an electronic computational module 96 via a replaceable
vacuum line and electrical cable umbilical 97.

Prior to the sample gas entering the oscillator flowmeter
92, a temperature sensor measures the sample gas tempera-
ture at the flowmeter entrance and provides a voltage
proportional to the measured temperature. The output volt-
age is amplified by electronic amplifier 98 on board trans-
ducer module 94, and the amplified voltage is transmitted
via umbilical 97 to an A/D converter 99 which converts the
signal into a digital signal that is supplied to a micropro-
cessor 100.

The sample flow rate is then measured in the oscillator
flowmeter 92. A microphone 101 picks up the oscillating
pressure signals which are amplified by an electronic ampli-
fier 102 on board transducer module 94. The output of
amplifier 102 is supplied via umbilical 97 to a frequency
counter 99 in electronics module 96 which provides a
real-time digital frequency measurement directly to micro-
processor 100.

In the exemplary embodiment shown in FIG. 9¢, the
oscillator lowmeter 92 functions as both the flowmeter and
the orifice. Specifically, a differential pressure transducer
103 on board transducer module 94 measures the pressure
drop across the oscillator flowmeter (orifice) 92 by measur-
ing the difference between the pressure upstream of the
amplifier nozzle at the entrance to the flowmeter oscillator
92 and the pressure downstream of the nozzle at output of
oscillator 92. The output voltage from pressure transducer
103 is transmitted via umbilical 97 to A/D converter 99 and
then to microprocessor 100 on board electronics module 96.
Alternatively, sonic oscillator 108 supply nozzle may be
used as the densitometer orifice. This may be advantageous,
as the pressure drop in generally higher, and a less sensitive,
lower cost differential pressure transducer may be used to
measure the pressure drop.

The flow exiting flowmeter 92 enters into a capillary
entrance 104. The absolute pressure of the gas sample at the
capillary entrance 104 is measured by an absolute pressure
transducer 105 mounted in the transducer module 94. The
voltage from transducer 105 is transmitted via umbilical 97
to A/D converter 99 and then to microprocessor 100 in the
electronics module 96.

As shown in FIG. 9c, a single capillary entrance 104 and
a single capillary exit 106 are connected via a plurality of
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substantially parallel capillaries 93. The structure and opera-
tion of the parallel capillary arrangement are the same as
those described in relation to FIG. Sc. A differential pressure
transducer 107 in transducer module 94 measures the pres-
sure drop across one of the capillaries 93 by measuring the
difference between the upstream pressure at a point within
the capillary 93 and the downstream pressure at the capillary
exit 106. The output voltage from pressure transducer 107 is
transmitted via umbilical 97 to A/D converter 99 and then to
microprocessor 100 on board electronics module 96.

The sampled gas continues from the capillary exit 106
through sonic oscillator 108 which generates an acoustic
frequency proportional to the square root of the ratio of
specific heats and inversely proportional to the square root
of the molecular weight. Microphone 109 picks up the
oscillating pressure signals (i.e., the acoustic frequency)
which are amplified by an electronic amplifier 110 in trans-
ducer module 94. The output of amplifier 110 is supplied via
umbilical 97 to a flow counter 99 on board electronics
module 96, which produces a digital frequency signal that is
provided to microprocessor 100.

From the exit of sonic oscillator 108, the sample gas is
routed through a gas exhaust passage of separable interface
95 to transducer module 94 and then through umbilical 97 to
a vacuum pump 111 on board electronics module 96, which
exhausts the sample gas.

Microprocessor 100 controls a display 112 which displays
medical information derived from the measurements pro-
cessed by microprocessor 100, including individual concen-
trations of the constituent gasses of the sample gas mixture.

Referring now to FIG. 10, an exemplary virtual instru-
mentation screen output is shown. Three displays of real
time traces of oxygen concentration 170, carbon dioxide
concentration 171 and halothane (i.e., potent anesthetic)
concentration 172, are shown (although the number and
orientation of traces may of course be adjusted as desired).
The instantaneous value of the concentrations are also
shown as vertical bars 173, 174, and 175, and also as
numeric values 176,177 and 178. A variety of visual display
options can be made available which are illustrated by
“Change Trend” 179, “Add Trend” 180, “Print” 181, “Clear”
182, “Cal” (i.e., calculate) 183, and “Menu” 184. It is to be
understood that many different screen formats for the data
outputs may be utilized and that this one is merely exem-
plary.

By the addition of a sensor capable of measuring a fourth
independent property of a mixture, the system can be
extended to determine the concentrations of five gasses in
the general case, and a six-gas mixture in the case of
anesthetic gasses, where the individual concentrations of
carbon dioxide and nitrous oxide are determined in the
previously-described manner. Six-gas mixtures occur when
water vapor is not removed, or when air is used as the
anesthesia carrier. Air additionally introduces argon at about
one percent concentration to the gas mixture. The presence
of the inert gas argon, however, may be treated as a known
constant concentration, in which case properties need be
measured. The other trace gasses are in such small concen-
trations that they do not materially affect the bulk properties
of the overall mixture to a discernable amount within the
desired clinical accuracy of the system. Water vapor nor-
mally occurs at 100% humidity, if not desiccated, and under
certain circumstances may also be treated as a known fixed
constituent. Removal of watervapor is desirous, however, as
it may condense in the fluid passages thereby changing the
fluid resistance properties and thus affecting output readings.
Operation of the system at elevated temperature to avoid
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condensation would require a separate heater which, from an
energy consumption stand point, is not desirable.

To further reduce costs, special purpose digital signal
processing electronics can be used (rather than a general
purpose personal computer), and the use of virtual instru-
mentation techniques with a color display provides outputs
in a format that physicians are familiar with, similar to the
ubiquitous hospital vital signs monitors. Touch-screen vir-
tual knobs and dials may provide the user with instant and
user-friendly reconfiguration capabilities to adjust the output
format to one with which a particular user is most comfort-
able.

The gas concentration monitoring system of the present
invention requires no user calibration or maintenance and
may be integrated into existing monitoring systems. For
example, the sensors shown in FIGS. 5a/5¢ or FIGS. 9a/9¢
can be added along the same flow path as other sensors or
can be added in a separate flow path. Importantly, the
concentration measurements of the other sensors must be
provided to the microprocessor along with the measured
properties of the mixture in order to solve for the unknown
gas concentrations. A Low cost is one of the main attributes
of the present invention. Cost for a full-function, four-gas,
fluidic multiple medical gas monitor, is determined by the
low cost (about $2.00) of the injection molded fluidic circuit
and the low cost (about $10.00 each), high accuracy pressure
transducers. Since viscosity, density and specific heat are
affected by temperature, ambient temperature measurement
is required to maintain accuracy. The temperature sensors
described above may be implemented by a simple, ultra low
cost electronic temperature sensor, as exemplified by the
previously-mentioned Analog Devices AD590 device (at a
cost of about $3.00), to provide the required accurate
temperature input to the computational processor.

One of the important advantages of the present invention
is the ability to simultaneously determine the individual
concentrations of N gasses in a mixture of N known gasses
by using inexpensive sensors to measure properties of the
mixture as a whole and by solving N independent equations
relating to the properties of the mixture. Although the above
examples describe the invention with three to five gasses, the
invention is not limited to the determination of concentra-
tions of only five gasses. If additional properties of the
mixture can be independently measured by any means and
related to unknown concentrations, concentrations of addi-
tional gasses can be determined. In general, if N-1 inde-
pendent properties of the mixture of gasses can be measured,
then N equations can be developed and solved for N gas
concentrations (the Nth equation being the constitutive
equation (6)).

Other independent thermodynamic properties include, but
are not limited to: heats of formation and critical tempera-
ture. It should be noted that properties such as thermal
conductivity are dependent on specific heat and viscosity
and hence are not independent. Other physical properties
such as refractive index and absorptivity may also be useful.

Further, while fluidic measurement of the properties of a
gas mixture offers a low-cost alternative to more expensive
conventional sensors, the principles of the present invention
can be extended to include any device which measures
properties of the mixture as a whole or concentrations of
individual gasses. For example, assume that a particular
sensor is capable of determining the concentration of oxygen
in a mixture of gasses. The information provided by this
separate sensor (i.e., the oxygen concentration) is, in effect,
an equation relating to a gas concentration, which equation
can be used to solve other equations relating to gas concen-
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trations. Thus, if the oxygen concentration measurement is
supplied to the microprocessor 64 in FIG. 94 along with the
fluidically measured properties, the concentrations of six
gasses in a six gas mixture can be determined (i.c., the
oxygen concentration and the concentration of any other five
known gasses).

Importantly, fluidic and thermodynamic measurements
can be used to determine the unknown gas concentrations in
the mixture, regardless of what these gasses are, provided
that the identity of the gasses is known and that each gas is
distinguishable from all others by at least one of the mea-
sured properties. For example, it is desirable to be able to
monitor the concentration of nitrogen in a mixture of
exhaled gasses while a patient is being anesthetized. During
the initial minutes during administration of anesthesia, nitro-
gen is present in the exhaled gasses, as nitrogen is liberated
from lipids and fatty tissues. After approximately ten
minutes, nitrogen is not normally present in a significant
amount. A leak or break in a supply line would result in the
continued presence of nitrogen in the exhaled gasses and can
be detected by determining the concentration of nitrogen.
However, nitrogen concentrations cannot be measured with
conventional IR techniques; thus, more expensive
techniques, such as mass spectroscopy typically have been
required when it is desirous to determine nitrogen concen-
trations. According to the present invention, nitrogen con-
centration can be measured in a three gas mixture by
measuring two gas properties and in a five gas mixture
(during anesthesia administration) by measuring three gas
properties. Further, with the addition of M other sensors
which respectively measure the concentrations of M indi-
vidual gasses, the nitrogen concentration can be measured in
a mixture of M+5 gasses, where three gas mixture properties
have been measured. Thus, for example, two sensors which
measure the concentrations of two gasses can be combined
with the three-property measurement device shown in FIGS.
9a/9¢ to determine the concentration of seven gasses (e.g.
nitrogen, oxygen, water vapor, carbon dioxide, nitrous oxide
and two anesthesia agents) in real time at very low cost.

More generally, in accordance with the present invention,
the capabilities of an existing sensor system for measuring
M gas concentrations can be extended to measure N addi-
tional gas concentrations by measuring N-1 properties of
the gas mixture as a whole, regardless of what the gasses are,
provided the identity of the gasses is known. Knowledge of
the individual concentrations of certain gasses in the mixture
reduces the number of unknowns; thus, N unknown indi-
vidual concentrations in a mixture of N+M fluids can be
determined by solving N equations, where individual con-
centrations of M fluids are known or determined by other
means. For example, many existing anesthesia machines
capable of measuring five gasses cannot measure the con-
centrations of nitrogen, carbon monoxide and helium. By
augmenting such a five-gas monitor with the fluidic sensors
shown in FIGS. 5a/5c, concentrations of these additional
gasses can be measured with little additional expense.

In accordance with another embodiment, the fluidic sen-
sors of the present invention can be used to determine or
verify the identity of a gas flowing from a source.
Specifically, the identity of a single, unknown gas can be
determined by fluidically measuring properties of the gas,
such as density and viscosity, and comparing the measured
values to known properties of a gas. The identity of the
unknown gas can be verified or determined when the flu-
idically measured values match those of a known gas.

FIG. 11a is a diagrammatic view illustrating a gas iden-
tification system according to the present invention. As
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shown in FIG. 114, the gas identification system includes a
gas source 120. The gas source 120 may be any type of
container, or generator from which a single, pure gas (i.e., a
gas consisting of a single constituent) is provided. For
example, the source can be a pressurized tank of oxygen or
nitrous oxide, or an oxygen generator. The gas from gas
source 120 flows through gas supply line 121 (optional) to
a gas outlet 122. The gas outlet 122 can be a wall outlet for
providing oxygen or nitrous oxide or a coupler that connects
a source of gas to an anesthesia delivery system. A portion
of the gas flowing through gas supply line 121 is supplied to
gas identifier 123 through a side stream sampling port 124.

The gas identifier 123 includes essentially the same
sensors used in the three gas analyzer shown in FIG. 5a or
FIG. Sc. Specifically, a temperature sensor 125 measures the
temperature of the sample gas, a pressure sensor 126 mea-
sures the ambient pressure of the sample gas, a flow meter
127 measures the flow rate of the sample gas, and the
pressure changes of the sample gas in a capillary 128 and
across an orifice 129 are measured (of course, the oscillator
can be used as the flowmeter and orifice as shown in FIG.
5¢). The temperature sensor 125, pressure sensor, 126, flow
meter 127, capillary 128 and orifice 129 each provide their
respective measurements to processor 130 which determines
the density and viscosity of the gas in accordance with
equations 1-3 (or other equations relating density, viscosity
and flow rate to temperature, oscillator frequency, and
pressure drops across a capillary and an orifice).

The processor 130 includes a memory (e.g., a read-only
memory) in which is stored the density and viscosity of the
pure gas which is expected to be supplied (hereinafter, the
expected gas) at outlet 122. The processor 130 compares the
density and viscosity of the sample gas calculated from the
measured temperature, flow rate and pressures with the
stored density and viscosity values of the expected gas
adjusted by the measured ambient conditions. If the calcu-
lated density value and the stored density value are essen-
tially the same (i.e., their difference is less than a predeter-
mined threshold value) and if the calculated viscosity value
and stored viscosity value are essentially the same, the
processor determines that the expected gas is being supplied
at outlet 122. The gas identifier 123 can include a speaker
131 which produces an audible indication that the identity of
the expected gas has been verified and/or a display 132
which produces a visible indication that the identity of the
expected gas has been verified.

If either the density or viscosity calculated for the sample
gas differs from the corresponding stored value of the
expected gas,mthat the gas
being supplied at outlet 122 is not a pure form of the
expected gas. That is, a deviation of the density or viscosity
of the sample gas from the known density or viscosity of the
expected gas signifies that either the gas being supplied is
not the expected gas or the gas being supplied contains other
gasses in addition to the expected gas in a quantity sufficient
to change the overall density and viscosity. For example,if
nitrous oxide is erroneously supplied to an oxygen outlet, the
processor 130 determines from the calculated density and
viscosity that the sample gas is not the expected gas
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visible indication. Optionally, the gas identifier 123 includes
a mechanism for preventing the flow of the gas when such
an error condition occurs, €.g., an automatic solenoid shut
off value.

While it is possible to distinguish certain gasses based on
only one fluidically determined property (i.e., density or
viscosity), the fluidic measurement of two properties is
preferable in order to ensure sufficient discrimination
between different gasses. For example, several gasses,
including some hydrocarbons, having molecularweights that
are similar to that of oxygen (32). However, the viscosities
of these gasses are significantly different from that of
oxygen; thus, by measuring the density and viscosity of the
sample gas, the identity of a gas such as oxygen can more
readily be verified with accuracy.

FIG. 11b is a flow chart summarizing the above-described
processing steps (steps 201-209) involved in determining or
verifying the identity of a single, pure gas supplied from a
source.

In the above example, it is assumed that a particular gas
is expected at the outlet 122, and the fluidically measured
properties are compared to those of the expected gas to
determine whether or not the actual gas is the expected gas.
More generally, the gas identifier of the present invention
can be programmed, such that the identity of any one of a
number of gasses can be verified. Specifically, the memory
of processor 130 can include a look-up table containing the
densities and viscosities of all of the gasses that could be
supplied to a point of delivery. An input device, such as a
keyboard, touchpad or the like, can be used by an operator
to select one of the gasses in the look-up table as the
expected gas. The above-described density and viscosity
comparisons are then performed using the stored density and
viscosity values for the selected gas. Thus, the same gas
identifier can be used to verify the identity of any one of
several pure gasses.

Further, the gas identifier of the present invention can be
used to determine the identity of an unknown pure gas.
Specifically, the calculated density and viscosity of the
measured sample gas is compared to the density and vis-
cosity of each of the gasses stored in the look-up table. If the
density and viscosity of the sample gas match those of one
of the gasses in the look-up table, the gas identifier indicates
the identity of the gas on the display 132.

In the above example, the density and viscosity of the
single gas being analyzed are used to uniquely identify the
gas, since these two properties clearly distinguish most
gasses from one another and can be determined using
measurement from inexpensive fluid sensors. It will be
understood, however, that other combinations of gas prop-
erties can be used to identify a single gas. In particular,
where certain gasses are more easily distinguishable from
particular properties, those properties of the gas can be
determined to identify the gas more readily. Table 2 provides
a summary of properties (i.e., molecular weight, viscosity
and specific heat) of selected respired gasses which can be
used to distinguish various gasses.

(oxygen). Likewise, if afmospheric airleaks into an other- 60 TABLE 2

wise pure oxygen supply through a rupture or faulty VISCOSITY  SPECIFIC
connection, the processor 130 determines that sample gas is MOLECULAR (20° C) HEAT
not the expected gas (oxygen). When the processor 130 GAS WEIGHT  (kg/ms x 107°)  (J/(kg ° K.))
determines that the sample gas is not a pure fqrm of the OXYGEN 5,000 5 0038 006.953
expected gas, the speaker 131 produces an audible alarm 65 NTROGEN 28.016 1.7390 1031.35
signal indicating that the gas being supplied differs from the NITROGEN w/air traces 28.155 1.7702 1055.24

expected gas, and the display 132 produces a corresponding
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TABLE 2-continued
VISCOSITY  SPECIFIC
MOLECULAR (20° C) HEAT
GAS WEIGHT  (kg/ms x 107 (J/(kg ° K.))
CARBON DIOXIDE 44.010 1.4660 844.348
NITROUS OXIDE 44.016 1.4607 850.716
CARBON MONOXIDE 28.010 1.6609 1057.11
WATER VAPOR 18.016 1.0522 1881.43
HALOTHANE 197.40 1.1191 524.479
DESFLURANE 168.04 TBD TBD
ISOFLURANE 184.49 1.0273 750.797
SEVOFLURANE 200.05 TBD TBD

For example, in the case of CO, and N, O, the properties
of viscosity and specific heat at a constant pressure or at a
constant volume (calculated from the sonic oscillator fre-
quency measurement) more clearly distinguish these gasses
from each other than the properties of density and viscosity.
Thus, measurements from a sonic oscillator could be used
instead of measurements from a densitometer orifice. Of
course, using a sensor package such as that shown in FIG.
9a or 9Yc, any set of measured properties which sufficiently
distinguishes the possible gasses being supplied can be used
to identify the gas. Thus, it should be understood that the
sensor package can be used in a variety of contexts without
any hardware modifications; only the software used to
analyze the measured results is modified for different appli-
cations.

In the medical field, the gas identifier of the present
invention can be used to identify any of a number of pure
gasses. For example, gasses such as oxygen, nitrous oxide,
and volatile anesthesia gasses are supplied from sources to
patients in operating rooms, intensive care units and hospital
rooms. The gas identifier can be positioned at any point in
the system where the gas to be identified should be present
in a pure form. For example, where oxygen is supplied from
a remote source to a wall outlet, the gas identifier may be
directly integrated into the wall outlet.

Alternatively, the gas identifier can be a separate unit
which can be connected to an existing wall outlet. According
to this alternative, the gas identifier includes an upstream
terminal which couples to the wall outlet and a downstream
terminal which is similar to the wall outlet, so that the gas
identifier can be connected in series between the wall outlet
and a local supply line which mates with the downstream
terminal of the gas identifier.

Since only a small fraction of the gas being supplied is
required to determine or verify the identity of the gas, it is
preferable in some circumstances that the gas identifier
operate continuously while the gas is actually being supplied
rather than “off-line” or prior to actual delivery of the gas.
For example, in the case of a wall outlet oxygen supply,
continuous operation of the gas identifier during gas delivery
is desirable, since a leak of atmospheric air into the oxygen
supply can be detected at any time during oxygen delivery.
Optionally, the pressure in the main gas flow stream can be
used to run a turbine or other electrical generator that
generates the electricity necessary to operate the sensors and
processor of the gas identifier. Alternatively, the electricity
can be provided by a battery, an AC power source or other
conventional power source.

The gas identifier of the present invention advantageously
prevents errors in administering gasses in medical settings.
Because the present invention uses fluidic sensors (which
are inexpensive), the gas identifier of the present invention
can be implemented at a fraction of the cost of a gas
identifier that uses conventional techniques, such as spec-
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troscopy. Thus, the gas identifier of the present invention can
affordably be incorporated in oxygen supply outlets and
anesthesia delivery devices throughout a hospital. Further,
unlike gas analyzers that use one or more of the aforemen-
tioned conventional techniques, the gas identifier of the
present invention does not require periodic servicing for
calibration, and therefore requires less maintenance.

Extending the principles used to identify a single con-
stituent gas, in accordance with the present invention, the
above-described sensors can be used to identify an unknown
gas mixed with other, known gasses. By way of illustrative
example, consider a two-gas mixture, such as the gas
mixture produced by a vaporizer, consisting of an anesthetic
agent and oxygen which is used as a carrier gas to drive the
vaporizer. The following process can be used to verify or
determine the identity of the anesthetic agent to prevent
inadvertent administration of the wrong agent. Using, for
example, the flow meter-capillary-orifice arrangement
shown in FIG. 5a or FIG. 5c¢ (i.c., a three-gas analyzer), the
density and viscosity of the gas mixture as a whole are
determined (see equations 1-3). One of the two constituents
is known to be oxygen. The other constituent is then
assumed to be a particular default anesthetic agent (A,) (in
general one of four: halothane, isoflurane, desflurane and
sevoflurane). Using this assumption, the concentrations of
oxygen and agent A, are determined by solving only the
density equation (using equation 4 with the assumption that
the density of the unknown gas is that of agent A;) and the
constitutive equation (equation 6) for the two unknown
concentrations. Next, the viscosity equation (equation 5)
together with the computed concentrations are used to
compute the absolute viscosity of the unknown anesthetic
agent. The computed viscosity of the unknown agent is
compared to the known (stored in memory) viscosity of the
anesthetic agent A,. If the computed and known viscosities
match (i.e., their difference falls within a predetermined
threshold value), it is determined that the anesthetic agent is,
in fact, agent A,. If the computed viscosity and the known
viscosity for agent A; do not match, it is determined that the
unknown agent is not agent A;, and the process is repeated
with other agents A,, A, . . ., A, until a match is found.

In general, in a mixture of N gasses in unknown
concentrations, where the identities of N-1 gasses are
known and the identity of one gas is unknown, the identity
of the one unknown gas can be determined with an N+1 gas
analyzer in accordance with the process summarized in the
flow chart illustrated in FIG. 12. In a first step 210, N
properties of the mixture are determined. For example, the
density, viscosity and specific heat of the mixture (N=3) as
a whole can be determined using the above-described
oscillator-capillary-sonic oscillator sensors. Further, con-
centrations of individual gasses can be determined using
other, conventional sensors or other independently measured
properties of the mixture as whole, which properties relate
to relative concentrations. For example, the mixture could
consist of three (N=3) gasses: oxygen, carbon dioxide and an
anesthesia agent, where the anesthesia agent is assumed to
be initially unknown. The three properties measured by a
four-gas analyzer could be, for example: density, viscosity,
and specific heat.

The unknown gas is then assumed to be one of a set of
possible gasses. Specifically, a list of L gasses and their
known properties are stored in a memory. For example,
where the unknown gas is an anesthetic agent, a list of five
or six anesthesia agents (e.g., halothane, enflurane,
isoflurane, methoxyflurane, desflurane, sevoflurane) and
their properties (e.g., density, viscosity and ratio of specific
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heats) are stored in a look-up table in a memory. In step 212,
a counter 1, which indexes the look-up table, is initialized to
a value of one, corresponding to a first anesthetic agent A,
in the look-up table (i.e., the default agent, which can be, for
example, anesthesia agent marked on the label of the
container).

In step 214, the value of counter i (initially equal to one)
is used to retrieve the name and properties of gas 1 in the
look-up table, and the identity of the unknown gas is
assigned (i.e., temporarily assumed to be) that of gas i, with
the properties of the unknown gas being assigned the values
of the properties of gas 1 retrieved from the look-up table.
Initially, the value of i is set to one; thus, the unknown gas
is assumed to be the default gas A in the look-up table, and
the properties of the unknown gas are assumed to be those
of the default gas A,.

In step 216, N-1 of the N properties are used to form N-1
equations relating to the relative concentrations, which,
together with the constitutive equation (equation 6) are
solved for the N relative concentrations of the N gasses in
the mixture, using the assumption that the unknown gas has
the properties of the gas A,. For example, the equations for
density, specific heat, and the constitutive equation can be
used to calculate the relative concentrations of the oxygen,
carbon dioxide and gas A,. Note that the viscosity informa-
tion (in this example) is not used in this step.

At this point, the only unknown in the equation which
relates the Nth property of the mixture as a whole to the
individual constituent concentrations is the Nth property of
the unknown gas. Thus, in step 218, this equation can be
solved for the Nth property of the unknown gas by inserting
the calculated concentrations and the measured Nth property
of the mixture as a whole (note that this equation was not
used to determine the relative concentrations). For example,
using equation (5), the viscosity of the unknown gas
(assumed to be agent A; for purposes of computing
concentrations) can be calculated from the viscosity equa-
tion (equation (5)) of the mixture and the computed con-
centrations of oxygen, carbon dioxide and gas A,.

In step 220, the calculated Nth property of the unknown
gas is compared to the known (stored) Nth property of gas
A,. If the value of the calculated property N of the unknown
gas matches the value of (known) property N of gas A, it is
determined that the unknown gas is gas A,. In this case, it is
indicated (on a display or the like) in step 222 that the
unknown gas is gas A,, and the identification process ends.

If the value of the calculated property N of the unknown
gas does not match the value of (known) property N of gas
A, itis determined that the unknown gas is not gas A,. In this
case, in step 224, the index counter i is incremented, and, in
step 226, the index counter i is compared to the number L of
gasses in the look-up table. If the index counter i is not
greater than L, processing returns to step 214, and the
process is repeated with the incremented value of i. If, on the
other hand, the index counter i is determined to be greater
than L in step 226, it is indicated in step 228 (on a display
and/or by aural alarm) that the unknown gas has not been
identified, and the identification process ends. Optionally,
even where the identity of the gas is determined, an alarm
(visual and/or aural) can be set off when the unknown gas is
determined to be other than the default gas to indicate that
the identity of the gas is other than the expected (default)
gas.

Importantly, the above method of identifying an unknown
constituent in a mixture can be carried out with the same
hardware used to determine the concentrations of N known
gasses (e.g., the sensor suites shown in FIGS. 5a/5¢ and
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9a/9¢). Only the processing software run on the signal
processor is different. That is, to determine concentrations of
known constituents, N-1 properties of the gas mixture are
measured and N equations (including the constitutive
equation) are solved for N unknown concentrations of N
known constituents. In contrast, to identify an unknown
constituent: N properties of the gas mixture are measured;
N-1 of the properties are used to generate N-1 equations
which, together with the constitutive equation, are solved for
N concentrations, where the properties of the unknown
constituent are assumed to be those of a particular gas; the
N concentrations and the Nth property of the mixture are
used to calculate the Nth property of the unknown gas which
is then compared to the known Nth property of the gas
assumed to be the unknown gas (for purposes of calculating
the concentrations); and different gasses are tried (assumed
to be the unknown gas) in this process until the comparison
yields a match or all potential gasses have been tried without
a successful match.

Note that the process of identifying an unknown, pure
(single constituent) gas (FIG. 11b) is essentially a special
case of the process shown in FIG. 12, where N=1, although
more than one property is preferably measured to provide
greater discrimination between different gasses (also, it is
unnecessary in this case to solve for the concentrations,
since the concentration of the single constituent is unity).

The same hardware may also be used to identify a mixture
of two unknown gasses. In this case, the process is essen-
tially the same as that described above; however, the trial
and error technique of trying each potential gas as the
unknown gas until a match is found is expanded, such that
the calculations are performed by substituting a pair of
gasses for the two unknown gasses until a match is found or
every potential combination of two gasses has been tried.
For example, where the two unknown gasses are two of five
(six) possible gasses, at most 10 (15) iterations are necessary
to try every combination. Given that the two unknown
gasses are two members of a set of gasses whose properties
are known (and distinguishable), the identities and concen-
trations of the two unknown gasses in a mixture can be
determined by measuring three properties of the mixture,
since four equations (including the constitutive equation)
can be uniquely solved for four unknowns (two unknown
concentrations and two unknown identities). In general, in a
mixture of fluids where concentrations of L fluids are
unknown and identities of M fluids are unknown, the
unknown concentrations and identities can be determined by
measuring N-1 bulk properties of the mixture and by
solving N equations (inclusive of the constitutive equation),
where N=L+M (as used here, N does not necessarily rep-
resent the number of fluids in the mixture).

According to another embodiment of the present
invention, the same hardware can be used to identify an
unknown gas in a mixture of N gasses (including N-1
known gasses) using an N-gas analyzer measuring N-1 gas
properties (i.e., by measuring one less property than in the
gas identification method described above). This technique
is particularly useful where the unknown gas is known to
have a value of at least one property that is significantly
different from the value of that property of the other gasses
in the mixture. For example, the technique is suitable for
identifying an anesthetic agent in a mixture of respired
gasses, where the anesthetic agent has a significantly higher
density than the other gasses.

More specifically, as shown in FIG. 13, according to this
embodiment, in a first step 230, N-1 properties of the
mixture are determined using an N-gas analyzer. For
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example, the density, viscosity and specific heat of the
mixture as a whole can be determined using the above-
described oscillator-capillary-sonic oscillator sensors.
Further, concentrations of individual gasses can be deter-
mined using other, conventional sensors or other properties
of the mixture as whole, which properties relate to relative
concentrations. Also, in the case of anesthesia
administration, the above described technique for discrimi-
nating carbon dioxide and nitrous oxide can be employed.

36

is indicated (on a display or the like) that the unknown gas
is gas A,, and the identification process ends.

If the solution to the equations fails to converge to
meaningful concentration values (i.e., at least one constitu-
ent concentration is outside its expected range), it is deter-
mined that the unknown gas is not gas A,. In this case, in step
242, the index counter i is incremented, and in step 244, the
index counter i is compared to the number L of gasses in the
look-up table. If the index counter i is not greater than L,
processing returns to step 234, and the process is repeated

For example, the mixture could consist of five (N=4) gasses: 10 PI : ;

nitrogen, oxygen, carbon dioxide/nitrous oxide, and an with the incremented value of i. If, on the other hand, the
anesthesia agent, where the anesthesia agent is assumed to index counter i is determined to be greater than L in step 244,
be initially unknown. The three properties measured by the it is indicated instep 246 (on a display and/or by aural alarm)
gas analyzer could be, for example: density, viscosity and that the unknown gas has not been identified, and the
the specific heat. 15 identification process ends.

The unknown gas is then assumed to be one of a set of
possible gasses. Specifically, a list of L gasses and their
known properties are stored in a memory. For example,
where the unknown gas is an anesthetic agent, a list of five
or six anesthesia agents (e.g., halothane, enflurane,
isoflurane, methoxyflurane, desflurane, sevoflurane) and
their properties (e.g., density, viscosity, specific heat) are
stored in a look-up table in a memory. In step 232, a counter
1, which indexes the look-up table, is initialized to a value of

20

The approach of the present invention provides a simple
apparatus and method to measure concentrations of several
medical gasses and to identify individual gasses at a rela-
tively low cost. Although the above description is primarily
concerned with medical gas analyzers, the present invention
is not limited to the preferred embodiment but is applicable
to other gas analysis applications, including, but not limited
to, industrial production of gasses, atmospheric analysis,
pollution tracking and other applications for the detection

1, corresponding to a first anesthetic agent A, in the look-up 25 nd analysis of chemical and biological agents. In addition,
table (ic., the default agent). the present invention is not limited to a specific number of

In step 234, the value of counter i (initially equal to onc) gasses that are in a mixture or for tha.t matter only fluidic
is used to retrieve the name and properties of gas i in the sensors, but rather, since bulk properties of gasses can be
look-up table, and the identity of the unknown gas is measured using a variety of low cost electronic and hybrid
assigned (i.e., temporarily assumed to be) that of gas i, with 30 electro-fluidic devices, the present invention may extend to
the properties of the unknown gas being assigned the values ~ 1OW cost scientific gas analysis of large numbers of gasses.
of the properties of gas i retrieved from the look-up table. Furthermore, the present invention is not limited to the
Initially, the value of i is st to one; thus, the unknown gas analysis .of only gasses because it should be recognized that
is assumed to be the default gas A, in the look-up table, and ~ Substantially the same methods and apparatus may be
the properties of the unknown gas are assumed to be those 35 applied to the analysis of mixtures of liquid fluids as well,
of the default gas A,. as long as sufficient differences in mixture bulk properties

In step 236, using the assumption that the unknown gas will occur due to the changes of concentrations of the
has the properties of the gas A,, the N-1 properties are used cc.)nstit.uents of the ﬂuids. More specifically, the dens.ity aqd
to form N-1 equations relating to the relative viscosity of a liquid can be measured and determined in
concentrations, which, together with the constitutive equa- 40 accordance with equations (1)~(3) with measurements from

tion (equation 6) form N equations, and an attempt is made
to solve the N equations for the relative concentrations of the
constituents of the mixture. For example, the equations for
density, viscosity, specific heat and the constitutive equation
can be used to calculate the relative concentrations of
nitrogen, oxygen, carbon dioxide/nitrous oxide and gas A,.

It has been found by the present inventor that, provided
that a sufficient concentration (e.g., at least approximately
2-5%) of the unknown gas is present, the equations yield

45

the fluidic sensors (flow meter, capillary and orifice)
described herein. Other suitable sensors can be used to
measure other properties of a mixture of liquids which relate
to constituent concentrations or which can be used to
uniquely identify an unknown liquid constituent in accor-
dance with the above described techniques.

Having described preferred embodiments of a new and
improved method and apparatus for real time gas analysis
using fluidic sensors, it is believed that other modifications,

individual gas concentrations that fall within expected or 50 Variatic?ns .and changes Wi.u be suggested to thOS? skilled in
reasonable ranges only when the properties of the unknown the art in view of the teachings set .for.th herein. .It is therefore
gas are assumed to be those of the correct gas in the to be understooq that all such yapatlons, modifications and
equations. If the properties of the wrong gas are used, the f:hangf.:s are believed to fall within the scope of the present
equations yield at least one gas concentration that is not invention as d.eﬁned. by the appended claims.

within its expected range or, mathematically, is not between 55 What is claimed is:

zero and one. Thus, if the solution of the equations yield 1. A.dlsposat?le ﬂuldl? sensor mod.ul.e for an apparatl.ls. for
concentrations within expected ranges, it is assumed that the analyzing a fluid, the disposable fluidic sensor comprising:
unknown gas is indeed the gas A,. In practice, expected a plate-like member having an inlet adapted to receive a
ranges of concentrations of individual gasses can be stored flow of the fluid and an outlet for exhausting the flow
or pre-programmed into the system for comparison with the 60 of the fluid;

computed concentrations in order to determine whether the
computed concentrations are reasonable. Other out of
bounds conditions may be very high CO, or agent concen-
trations.

In step 238, if the solution to the equations yields con-
centrations that are within expected ranges, it is determined
that the unknown gas is gas A,. In this case, in step 240, it

65

a fluidic flowmeter formed in said plate-like member in a
path between the inlet and the outlet, said fluidic
flowmeter being responsive to the flow of the fluid to
generate an output indicative of a flow rate of the fluid;

a capillary structure formed in said plate-like member in
a path between the inlet and the outlet, said capillary
structure restricting a flow of the fluid such that a
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pressure drop across said capillary structure is related
to a viscosity of the fluid; and

a sonic oscillator formed in said plate-like member in a
path between the inlet and the outlet, said sonic oscil-
lator generating flow oscillations having a frequency
related to the specific heat of the fluid.

2. A modular apparatus for analyzing a fluid, comprising:

a disposable fluidic sensor module comprising: a plate-
like member having an inlet adapted to receive a flow
of the fluid and an outlet for exhausting the flow of the
fluid; a fluidic flowmeter formed in said plate-like
member in a path between the inlet and the outlet, said
fluidic flowmeter being responsive to the flow of the
fluid to generate an output indicative of a flow rate of
the fluid, and a capillary structure formed in said
plate-like member in a path between the inlet and the
outlet said capillary structure restricting a flow of the
fluid such that a pressure drop across said capillary
structure is related to a viscosity of the fluid;

a replaceable transducer module connectable to said flu-
idic sensor module via a separable interface, said
replaceable transducer module comprising transducers
for measuring physical conditions of the fluid flowing
through said fluidic sensor module;

an expendable electronics package connectable to said
replaceable transducer module, said expendable elec-
tronics comprising a processor responsive to transducer
signals generated by said transducers for determining
properties of the fluid; and

a sonic oscillator formed in said plate-like member in a
path between the inlet and the outlet, said sonic oscil-
lator generating flow oscillations having a frequency
related to the specific heat of the fluid.

3. A disposable fluidic sensor module for an apparatus for

analyzing a fluid, the disposable fluidic sensor comprising:

a plate-like member having an inlet adapted to receive a
flow of the fluid and an outlet for exhausting the flow
of the fluid;

a fluidic oscillator formed in said plate-like member in a
path between the inlet and the outlet and having a
period of oscillation substantially proportional to a
transit time of the fluid from an input of the fluidic
oscillator to an output of the fluidic oscillator, wherein
the period of oscillation of the fluidic oscillator is
substantially independent of the density and viscosity
of the fluid, said fluidic oscillator being responsive to
the flow of the fluid to generate an output indicative of
a flow rate of the fluid; and

a capillary structure formed in said plate-like member in
a path between the inlet and the outlet, said capillary
structure restricting a flow of the fluid such that a
pressure drop across said capillary structure is related
to a viscosity of the fluid.

4. The disposable fluidic sensor module according to
claim 3, wherein a pressure drop from an input of said fluidic
oscillator to an output of said fluidic oscillator is related to
a density of the fluid.

5. The disposable fluidic sensor module according to
claim 4, wherein said fluidic oscillator is a fluidic amplifier
feedback oscillator flowmeter.

6. The disposable fluidic sensor module according to
claim 3, wherein said capillary structure comprises a plu-
rality of capillaries arranged to provide parallel resistance to
flow of the fluid through said capillary structure.

7. A replaceable transducer module for interfacing with
the disposable sensor module of claim 3, comprising:
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a temperature sensor for measuring the absolute tempera-
ture of the fluid passing through said disposable sensor
module;

a pressure sensor for measuring the absolute pressure of
the fluid passing through said disposable sensor mod-
ule;

two differential pressure transducers for respectively mea-
suring pressure drops across the fluidic oscillator and
the capillary of said disposable sensor module;

a plurality of microphones for measuring oscillation fre-
quencies in the fluidic oscillator of said disposable
sensor module; and

a vacuum line connection configured to connect said
disposable sensor module to a vacuum source to draw
sample fluid through said disposable sensor module.

8. An expendable electronics package adapted to receive

transducer signals generated by the replaceable transducer
module of claim 7, comprising:

a multiplexer providing analog signals corresponding to
signals received from said temperature sensor, said
pressure sensor, and said two differential pressure
transducers;

an analog-to-digital converter for converting the analog
signals to digital signals;

a flow counter for generating a digital frequency signal in

response to an output signal from said microphone; and

a microprocessor responsive to the digital signals and the

digital frequency signal, for computing individual con-
centrations of constituents of said fluid.

9. A modular apparatus for analyzing a fluid, comprising:

a disposable fluidic sensor module comprising: a plate-

like member having an inlet adapted to receive a flow
of the fluid and an outlet for exhausting the flow of the
fluid; a fluidic oscillator formed in said plate-like
member in a path between the inlet and the outlet and
having a period of oscillation substantially proportional
to a transit time of the fluid from an input of the fluidic
oscillator to an output of the fluidic oscillator, wherein
the period of oscillation of the fluidic oscillator is
substantially independent of the density and viscosity
of the fluid, said fluidic flowmeter being responsive to
the flow of the fluid to generate an output indicative of
a flow rate of the fluid; and a capillary structure formed
in said plate-like member in a path between the inlet
and the outlet, said capillary structure restricting a flow
of the fluid such that a pressure drop across said
capillary structure is related to a viscosity of the fluid;

a replaceable transducer module connectable to said flu-

idic sensor module via a separable interface, said
replaceable transducer module comprising transducers
for measuring physical conditions of the fluid flowing
through said fluidic sensor module; and

an expendable electronics package connectable to said

replaceable transducer module, said expendable elec-
tronics comprising a processor responsive to transducer
signals generated by said transducers for determining
properties of the fluid.

10. The modular apparatus according to claim 9, wherein
said capillary structure comprises a plurality of capillaries
arranged to provide parallel resistance to flow of the fluid
through said capillary structure.

11. The modular apparatus according to claim 9, wherein
a pressure drop from an input of said fluidic oscillator to an
output of said fluidic oscillator is related to a density of the
fluid.
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12. The modular apparatus according to claim 11, wherein

said replaceable transducer module comprises:

a temperature sensor for measuring the absolute tempera-
ture of the fluid passing through said disposable sensor
module;

a pressure sensor for measuring the absolute pressure of
the fluid passing through said disposable sensor mod-
ule;

two differential pressure transducers for respectively mea-
suring pressure drops across the fluidic oscillator and
the capillary of said disposable sensor module;

a plurality of microphones for measuring oscillation fre-
quencies in the fluidic oscillator of said disposable
sensor module; and

a vacuum line connection configured to connect said
disposable sensor module to a vacuum source to draw
sample fluid through said disposable sensor module.

13. The modular apparatus according to claim 12, wherein

said expendable electronics package comprises:

a multiplexer providing analog signals corresponding to
signals received from said temperature sensor, said
pressure sensor, and said two differential pressure
transducers;

an analog-to-digital converter for converting the analog
signals to digital signals;

a flow counter for generating a digital frequency signal in
response to an output signal from said microphone; and

a microprocessor responsive to the digital signals and the
digital frequency signal, for computing individual con-
centrations of constituents of said fluid.

14. A disposable fluidic module for sensing plural char-

acteristics of a flowing medium, said module comprising:
an inlet port for receiving the flowing medium at said
module;

a flowmeter for receiving the flowing medium from said
inlet port and configured in the form of a fluidic
oscillator for transversely oscillating said flowing
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medium at an oscillation frequency that varies as a
function of the velocity of said flowing medium, said
fluidic oscillator being defined as a plurality of flow
channels; and

a capillary member for receiving output flow from said

fluidic oscillator and establishing a pressure drop in
said output flow, said capillary member comprising a
common flow entrance, a common flow exit and a
plurality of capillary passages extending in flow com-
munication between said entrance and exit, said capil-
lary passages having transverse cross-sections that are
very much smaller than transverse cross-sections of
said flow channels in said fluidic oscillator;

wherein said module is a rigid member, and wherein said

fluidic oscillator and said capillary passages are formed
as flow passages defined in said rigid member.

15. The disposable fluidic module of claim 14 wherein
said module is molded plastic, and wherein said flow chan-
nels and said capillary passages are molded in said module.

16. The disposable fluidic module of claim 14 wherein
said rigid member includes at least one plastic molded body
having a surface in which said capillary passages and said
flow channels of said fluidic oscillator are defined as
recesses.

17. The fluidic module of claim 14 wherein said flowing
medium is a gas having multiple gaseous constituents.

18. The disposable fluidic module of claim 14 further
comprising:

first and second ports defined in said rigid member, said

first port being defined upstream of said fluidic
oscillator, said second port being defined downstream
of said fluidic oscillator to permit measurement of
pressure drops in said medium across said first and
second ports; and

third and fourth ports defined in said rigid member for

permitting measurement of the pressure drops in said
medium across said capillary member.
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1
AEROSOL ELECTRONIC CIGARETTE

BACKGROUND ART

Smoking causes serious respiratory system diseases and
cancer, though it is hard to persuade the smokers to com-
pletely quit smoking.

Nicotine is the effective ingredient in cigarettes. Nicotine
acts on the receptor of the central nervous system.

Nicotine is a micromolecular alkaloid, which is basically
harmless to human bodies at a small dosage. Plus, its halflife
period is extremely short in blood. Tar is the major harmful
substance in tobacco. Tobacco tar comprises several thou-
sands of ingredients, dozens of which are carcinogenic sub-
stances.

To provide cigarette substitutes that contain nicotine but
not harmful tar, many products have been used. These prod-
ucts are not as harmful as tar, but are absorbed very slowly. As
a result, smokers can’t be satisfied in full. In addition, the
smokers are deprived of the “smoking” habit.

The electronic cigarettes currently available on the market
may resolve the above-mentioned issue, though they are com-
plicated in structure. They don’t provide the ideal aerosol
effects, and their atomizing efficiency is not high.

SUMMARY OF INVENTION

To overcome the above-mentioned disadvantages, an aero-
sol electronic cigarette includes a battery assembly, an atom-
izer assembly and a bottle assembly. The battery assembly
connects with the atomizer assembly and both are located in
a housing. The bottle assembly is located in one end of the
housing and fits with the atomizer assembly.

The battery assembly may include the battery, an operating
indicator, electronic circuit board, and airflow sensor, which
are connected with the battery, and with the signal output of
the airflow sensor connected the electronic circuit board.

A component for liquid storage of the cigarette bottle
assembly stores the nicotine liquid. Smokers can enjoy the
feel of smoking, with no fire hazard since there is no need for
igniting.

DESCRIPTION OF DRAWINGS

FIG. 1 is the side section view of an electronic cigarette.

FIG. 2 is the section view of the housing (a) separated from
the cigarette bottle assembly.

FIG. 3 is the diagram of the axial structure of the cigarette
bottle assembly, illustrating the ventilating groove on the
peripheral surface of the cigarette holder housing.

FIG. 4 s the side section view of the cigarette bottle assem-
bly, illustrating the structure of the air channel.

FIG. 5 is the side section view of a porous component of the
atomizer.

FIG. 6 is the diagram of the structure of an electric heating
rod of the atomizer.

FIG. 7 is the side section of the atomizer, illustrating the
locations of and connection relation between the electric
heating rod and porous component.

FIG. 8 is the diagram of the atomizer, illustrating the loca-
tions of and connection relation between the electric heating
rod and porous component.

FIG. 9 is the section view of a check valve.

FIG. 10 is the front section view of a restriction component
in a second embodiment.

FIG. 11 is a diagram of the axial structure of the cigarette
bottle assembly in another embodiment.
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FIG. 12 is a sectional view taken along line A-A of FIG. 11.

FIG. 13 is a diagram of the structure of the electric heating
rod of the atomizer in another embodiment.

FIG. 14 is a section view of the porous component of the
atomizer in the embodiment shown in FIG. 13.

FIG. 15 is a diagram of the axial structure of FIG. 14.

FIG. 16 is a side section view of the atomizer in the
embodiment of FIG. 13, illustrating the locations of and con-
nection relation between the electric heating rod and porous
component.

FIG. 17 is a diagram of the axial structure of the atomizer
in another embodiment.

FIG. 18 is the side section view of the atomizer shown in
FIG. 17.

FIG. 19 is the side section view of another electronic ciga-
rette embodiment.

FIG. 20 is the electric circuit diagram of an electronic
cigarette.

FIG. 21 is another electric circuit diagram of an electronic
cigarette.

FIG. 22 is a diagram of a charging device, illustrating the
locations of and connection relation of various internal parts.
FIG. 23 is the side section view of the charging device.

FIG. 24 is the diagram of the front structure of the charging
device.

SPECIFIC MODE FOR CARRYING OUT THE
INVENTION

As shown in FIGS. 1-10, an aerosol electronic cigarette
includes a battery assembly, an atomizer assembly and a
cigarette bottle assembly, and also includes a shell or housing
(a), which is hollow and integrally formed. The battery
assembly connects with the atomizer assembly and both are
located in the shell. The cigarette bottle assembly is located in
one end of the shell, which is detachable. The cigarette bottle
assembly fits with the atomizer assembly. The shell has
through-air-inlets (al).

In this specific embodiment, the battery assembly includes
the battery, and the operating indicator (1), electronic circuit
board (4), and airflow sensor (5), which are connected with
the battery. It also includes a check valve (7). The signal
output of the airflow sensor (5) is connected with the said
electronic circuit board (4). The battery is a rechargeable
battery (3), which may be either a rechargeable polymer
lithium ion battery or a rechargeable lithium ion battery. The
airflow sensor (5) may be alternatively a semiconductor
force-sensitive chip capacitance sensor or an inductance sen-
Sor.

The rechargeable battery (3) has a flexibly connected
charging plug (2). The blades (21) of the charging plug (2)
come out of the other end of the shell (a). Between the charg-
ing plug (2) and rechargeable battery (3) is a spring (6), which
lies against the body of the rechargeable battery (3) on one
end, while its free end lies against the charging plug (2),
forming a flexible structure, which buffers the charging plug
(2) when plugged for charging, thus protecting the recharge-
able battery against any damage. Of course, the rechargeable
battery (3) in this embodiment has a charging slot on it, which
replaces the structure of charging plug (2) to perform the
charging function and protect the rechargeable battery (3)
against any damage. The operating indicator (1) is a LED. In
this embodiment, there are two LEDs. The electronic circuit
board (4) includes an electronic switch circuit, which controls
the electric circuit according to the input signals, so that the
rechargeable battery (3) electrifies the electric heating rod
(82) inside the atomizer (8) and the LEDs as well.
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As shown in FIGS. 1 and 2, the airflow sensor (5) has a
silica gel corrugated membrane (53), which connects with
magnetic steel (54) with a reed relay (52) on one of its ends.
Both ends of the said reed relay (52) correspond to the relay
electrodes (51) respectively.

As shown in FIGS. 5-8, the atomizer assembly is an atom-
izer (8), which includes a porous component (81) and a heat-
ing rod (82). The body of the porous component (82) has a
run-through atomizing chamber (811). The diameter of the
electric heating rod (82) is less than the diameter of the
atomizing chamber (811). The electric heating rod (82) enters
into the atomizing chamber (811), and there is a clearance
between the electric heating rod (82) and interior wall of the
atomizing chamber (811), which forms a negative pressure
cavity (83). One end of the porous component (81) fits with
the cigarette bottle assembly. As FIGS. 5, 7 and 8 show, the
porous component (81) has a protuberance (812) on the other
end, and the protuberance (812) fits with the cigarette bottle
assembly. The protuberance (812) is a protruding half sphere,
on the side of which there is a run-through hole (813) con-
necting to the atomizing chamber (811). Of course, the pro-
tuberance (812) may also be a taper, rectangle or any other
shape. The porous component (81) is made of foamed nickel,
stainless steel fiber felt, macromolecular polymer foam or
foamed ceramics, providing the remarkable capabilities in
liquid absorption and diffusion, and the ability to absorb the
liquid stored in the cigarette bottle assembly.

As shown in FIG. 6, the electric heating rod (2) includes a
cylinder (821). The heating wire (822) is wound on the wall of
the cylinder (821). On the wall of both ends of the cylinder
(821), there are mandrils (823) respectively, which lie against
the interior wall of the atomizing chamber (811) of the porous
component (81). There is a negative pressure cavity (83)
between the electric heating rod and interior wall of the atom-
izing chamber.

The heating wire is made of platinum wire, nickel-chro-
mium alloy wire or iron-chromium alloy wire containing rare
earth, or is flaked. The electric heating rod (82) may alterna-
tively have on its peripheral wall the heating layer made of
electrically conductive ceramic PTC material, to replace the
heating wire.

In this embodiment, the battery assembly and atomizer
assembly are mutually connected and then installed inside the
integrally formed shell (a) to form a one-piece part. The
rechargeable battery (3) may be charged without frequent
change of battery. The user just needs to plug the cigarette
bottle assembly into the open end of the shell (a), for easy use
and very easy change.

As shown in 3 and 4, the cigarette bottle assembly includes
a hollow cigarette holder shell (b), and a perforated compo-
nent for liquid storage (9) inside the shell (b). The perforated
component for liquid storage (9) is made of such materials as
PLA fiber, terylene fiber or nylon fiber, which are suitable for
liquid storage. Alternatively, it may be plastic foam molding
or column of multi-layer plates made through plastic injec-
tion with polyvinyl chloride, ploypropylene and polycarbon-
ate. One end of the cigarette holder shell (b) plugs into the
shell (a), and the outer peripheral surface of the cigarette
holder shell (b) has an inward ventilating groove (b2). On one
end surface of the cigarette holder shell (b), there is an air
channel (b1) extending inward. The air channel (b1) is located
in the center on the surface of one end of shell (b).

As shown in FIGS. 1-9, one end of the porous component
(81) lies against one end surface of the perforated component
for liquid storage (9), and contacts the perforated component
for liquid storage (9). It absorbs the cigarette liquid from the
perforated component for liquid storage (9). When the
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smoker smokes, the cavity of the cigarette holder shell (b) is
in the negative pressure state. In the shell (b), one end of the
airflow sensor (5) forms a normal pressure cavity, while the
other end forms a negative pressure cavity. The air pressure
difference between the normal pressure cavity and negative
pressure cavity or the high-speed airflow enables the mag-
netic steel (54) of the airflow sensor (5) to drive the reed relay
(52) to contact the relay electrode (51).

As shown in FIG. 20, the electric circuit is electrified, and
the electronic switch circuit on the electronic circuit board (4)
is electrified. Thus, the rechargeable battery (3) starts to elec-
trify the electric heating rod (82) inside the atomizer (8), and
at the same time, the LEDs, which are electrified by the
rechargeable battery (3), emit light. The air enters the normal
pressure cavity through the air inlet (al), passes the check
valve (7) via the airflow passage in the airflow sensor (5), and
flows to the negative pressure cavity (83) in the atomizer (8).
Since the negative pressure cavity (83) provides the negative
pressure compared with the outside, the air flow sprays into it,
bringing the cigarette liquid from the porous component (81)
to spray into the negative pressure cavity (83) in the form of
fine drops.

In the meantime, the electric heating rod (82) is electrified
by the rechargeable battery (3) under the control of electronic
circuit board (4), to heat the fine drips for atomization. After
atomization, the big-diameter fine drips are re-absorbed by
the porous component (81) under the action of vortex, while
the small-diameter fine drips are suspended in the airflow to
form aerosol, which is discharged through the negative pres-
sure cavity (83) and run-through hole (813), flows into the
cigarette holder shell (b) of the cigarette bottle assembly, and
is absorbed by the air channel (b1). When the aerosol enters
the cigarette holder shell (b), multiple small liquid drops are
condensed into bigger ones, which fall into the clearance
between the cigarette holder shell (b) and air channel (b1)
without being absorbed by the air channel (b1). The perfo-
rated component for liquid storage (9) of the cigarette bottle
assembly and the porous component (81) of the atomizer (8)
contact each other to achieve the capillary impregnation for
liquid supply.

The unit and its connecting structure of this invention may
also be loaded with drugs for delivery to the lung.

As shown in FIGS. 22, 23 and 24, the electronic cigarette
(5) is held in a charging device. The charging device includes
a case (1), which contains an auxiliary charging storage bat-
tery (2) inside it, and holds the electronic cigarette (5) and the
charger (3) for the rechargeable battery embedded in the
electronic cigarette (5), as well as the power supply circuit.
The power inputs of the auxiliary charging storage battery (2)
and charger (3) are connected with the power supply respec-
tively. The charger (3) in this embodiment is a constant volt-
age & current charger. It may be a GY5210 charger, or any
other constant voltage & current charger. The case (1) has a
spare liquid supply bottle (4) in it. The power output of the
auxiliary charging storage battery (2) is connected with the
power input of the charger (3). The power output of the
charger (3) is a charging slot (31), which fits with the charging
plug of the rechargeable battery inside the electronic ciga-
rette, or a charging plug, which fits with the charging slot of
the rechargeable battery.

As shown in FIGS. 23 and 24, on the body of the shell (1),
there is a pair of slide ways (12) corresponding to the position
of the electronic cigarette, and on the slide ways, there is a
slide cover (11).

In the second preferred embodiment, a restriction compo-
nent (10), which is detachable, is set on one end of the porous
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of the restriction component (10). The restriction hole (101)
corresponds to the atomizing chamber (811). The pore diam-
eter of the restriction hole is less than the inner diameter of the
atomizing chamber (811) to the extent that the size of the
restriction component (10) installed on the porous component
(81) varies, for the purpose of airflow capacity control. On the
basis of different applications, the restriction component of
different sizes and pore diameters may be used.

In the third preferred embodiment of this utility model, as
shown in 11 and 12, on the outer peripheral wall of the
cigarette shell (b), there is a protruding rib (b2) that is evenly
partitioned. The perforated component for liquid storage (9)
enters the cigarette holder shell (b) and lies against the pro-
truding rib (b2). Thus, there appears a clearance between the
outer peripheral surface of the perforated component for lig-
uid storage (9) and the interior wall of the shell (b). The
clearance is for connection the shell (a) and cigarette holder
shell (b). When the user smokes, the air channel (b1) absorbs
the air to cause airflow inside the shell (a), thus triggering the
airflow sensor (5) and eventually starting the electronic ciga-
rette. Also, the atomizer (8) works to atomize the cigarette
liquid and produce gas flow, which enters the cigarette holder
shell (b).

In the fourth preferred embodiment, as shown in FIGS. 13,
14,15 and 16, on one end of the cylinder (821), there is a fixed
plate (84), whose outer peripheral wall has partitioned sup-
ports (841). The outer ends of the supports (841) lie against
the interior wall of the shell (a), thus suspending the cylinder
(821), which is connected with the fixed plate (84), in the
cavity of the shell (a). On the surface of the fixed plate (84),
there is a mandril (842), whose front end lies against one end
of the porous component (81), so that the fixed plate (84) is
separated from the atomizing chamber (811) of the porous
component (81). As a result, the run-through hole on one end
of the atomizing chamber (811) won’t be blocked, and the
mist generated in the atomizing chamber (811) can be dis-
persed. One end of the porous component (81) has two pro-
tuberances (812) at the outlet of the atomizing chamber (811).
Between the two protuberances (812) is a clearance. The two
protuberances (812) lie against the perforated component for
liquid storage (9).

In the fifth preferred embodiment, as shown in FIGS. 17
and 18, the atomizer assembly is an atomizer (8), which
includes a frame (82), the porous component (81) set on the
frame (82), and the heating wire (83) wound on the porous
component (81). The frame (82) has a run-through hole (821)
on it. The porous component (81) is wound with heating wire
(83) in the part that is on the side in the axial direction of the
run-through hole (821). One end of the porous component
(81) fits with the cigarette bottle assembly. The porous com-
ponent (81)is made of foamed nickel, stainless steel fiber felt,
macromolecular polymer foam or foamed ceramics.

In the sixth preferred embodiment, as shown in FIG. 19, the
airflow sensor (5) has a silica gel corrugated membrane (53),
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which connects with magnetic steel (54) with a Hall element
(52), or a magneto-diode or a magneto-triode on one of its
ends. FIG. 21 shows the electric circuit of the electronic
cigarette of this solution.

What is claimed is:

1. An aerosol electronic cigarette, comprising:

a battery assembly, an atomizer assembly and a cigarette
bottle assembly, and a shell that is hollow and integrally
formed;

the battery assembly electrically connected with the atom-
izer assembly, and both are located in the shell;

the cigarette bottle assembly is detachably located in one
end of the shell, and fits with the atomizer assembly
inside it;

the shell has through-air-inlets;

the atomizer assembly is an atomizer, which includes a
porous component and a heating body;

the heating body is heating wire;

the atomizer includes a frame;

the porous component is supported by the frame;

the heating wire is wound on the porous component;

the frame has a run-through hole;

a heating wire wound on a part of the porous component
that is substantially aligned with the run-through hole;
and with the porous component also positioned substan-
tially within the cigarette bottle assembly.

2. An electronic cigarette, comprising:

a battery assembly and an atomizer assembly within a
housing with the battery assembly electrically con-
nected to the atomizer assembly;

a liquid storage component in the housing;

with the housing having one or more through-air-inlets;

the atomizer assembly including a porous component sup-
ported by a frame having a run-through hole;

a heating wire wound on a part of the porous component in
the path of air flowing through the run-through hole; and

the porous component substantially surrounded by the liq-
uid storage component.

3. An electronic cigarette, comprising:

a battery assembly and an atomizer assembly within a
housing with the battery assembly electrically con-
nected to the atomizer assembly;

with the housing having one or more through-air-inlets and
an outlet;

the atomizer assembly includes a frame having a run
through hole, and a porous component between the
frame and the outlet;

a heating wire wound on a part of the porous component
which is substantially aligned with the run-through hole;
and

with the porous component in contact with a liquid supply
in the housing.
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1
ELECTRONIC CIGARETTE

TECHNICAL FIELD

The invention relates to an electronic cigarette containing
nicotine but not tar.

BACKGROUND ART

Today when it is known that “smoking is harmful to your
health”, there are still one billion people smoking cigarettes,
and this figure is increasing every year. Although smoking
causes serious respiratory system diseases and cancers, it is
still difficult for smokers to completely quit smoking.

Nicotine is the active ingredient of a cigarette. During
smoking, nicotine produces a lot of tar mist as the cigarette
burns. The tar mist accesses the smoker’s pulmonary alveolus
and is quickly absorbed into the blood. Nicotine thus acts on
the receptors of the smoker’s central nervous system.

Nicotine is a micromolecular alkaloid, which is basically
harmless to human bodies within a small dosage. Plus, the
half'life period of nicotine is extremely short in blood. Tar, on
the other hand, is the major harmful substance in tobacco.
Tobacco tar may include several thousands of ingredients,
dozens of which are carcinogenic substances. Furthermore, it
has been shown that second hand smoking is even more
harmful to non-smokers.

Some cigarette substitutes do not contain harmful tar but do
contain relatively pure nicotine. Such products include the
“Cigarette Patch”, “Nicotine Gargle”, “Aerosol Packed in the
High Pressure Tank with Propellant”, “Nicotine Chewing
Gum”. These products are not as harmful as tar, but they are
absorbed very slowly. As a result, the peak concentration of
nicotine cannot be effectively established in blood, and the
smokers are not satisfied in full. In addition, the substitutes do
not satisfy the smokers “smoking” habit of repetitively inhal-
ing and exhaling. Therefore, the substitute products are not
effective as cigarette substitutes to quit smoking.

THE SUMMARY OF THE INVENTION

The purpose of this invention is to provide an electronic
cigarette that substitutes for real cigarettes and helps smokers
to quit smoking. For this invention, the aerosol may be
regarded as liquid drops suspended in the air.

The present invention includes a battery assembly, an
atomizer assembly and a cigarette bottle assembly. The bat-
tery assembly connects with one end of the atomizer assem-
bly, and the cigarette bottle assembly is inserted into the other
end of the atomizer assembly, thus forming one cigarette type
or cigar type body.

The atomizer may be a capillary impregnation atomizer or
spray atomizer, inside which there is a heating body. The said
spray atomizer has a spray hole on it. The said spray hole is
made of foamed ceramics, micro-porous ceramics, foamed
metal, stainless steel fiber felt, or chemical fiber molding,
which are drilled for holes. The said heating body is made of
the micro-porous ceramics on which nickel-chromium alloy
wire, iron-chromium alloy wire, platinum wire, or other elec-
trothermal materials are wound. Alternatively, it may be a
porous component made of electrically conductive ceramics
or PTC ceramics and associated with a sintered electrode. The
surface of the heating body is sintered into high-temperature
glaze to fix the zeolite grains, which are made of natural
zeolite, artificial non-organic micro-porous ceramics or alu-
minum oxide grains. The said cigarette bottle assembly
includes the cigarette liquid bottle, fiber and suction nozzle.
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The fiber containing cigarette liquid is located on one end of
the cigarette liquid bottle, and this end is inserted into the
secondary shell and lies against the atomizer. The suction
nozzle is located on the other end of the cigarette liquid bottle.
Between the fiber and interior wall of the cigarette liquid
bottle is an air intake hole. The said cigarette liquid bottle and
suction nozzle are made of non-toxic plastic. The said fiber is
made of polypropylene or nylon. The cigarette liquid in the
said fiber for atomization contains 0.1-3.5% nicotine, 0.05-
5% tobacco flavor, 0.1-3% organic acid, 0.1-0.5% stabilizer,
and propanediol for the remaining. The said sucker and its
connecting structure may be loaded with conventional drugs
for delivery to the lung.

This invention will bring the following benefits and active
effects: For this invention, smoking doesn’t bring any ciga-
rette tar, considerably reducing the carcinogenic risks. At the
same time, the smokers can still enjoy the feel and excitement
of smoking, and there is no fire hazard since there is no need
for igniting. In addition, the unit and its connecting structure
of'this invention may also be loaded with conventional drugs
for delivery to the lung.

DESCRIPTION OF DRAWINGS

FIG. 1 is the visual appearance of the cigarette type of this
invention.

FIG. 2A is the diagram of one structure of the battery
assembly of this invention.

FIG. 2B is the diagram of another structure of the battery
assembly of this invention.

FIG. 3 is the diagram of the diagram ofthe atomizer assem-
bly of this invention.

FIG. 4is the diagram of'the cigarette bottle assembly of this
invention.

FIG. 5A is the diagram of one internal structure of this
invention.

FIG. 5B is the diagram of another internal structure of this
invention.

FIG. 6 is the diagram of the structure of the charger of this
invention.

FIG. 7 is the electric circuit diagram of MCU and MOS-
FET of this invention.

FIG. 8 is the diagram of the structure of the capillary
impregnation atomizer of this invention.

FIG. 9 is the left view of FIG. 8.

FIG. 10 is the diagram of the structure of the spray atomizer
of this invention.

FIG. 11 is the left view of FIG. 10.

FIG. 12 is the diagram of the structure of the cigar type of
this invention.

SPECIFIC MODE FOR CARRYING OUT THE
INVENTION

This invention is further described as follows on the basis
of the drawings.

Example 1

As shown in FIG. 1, the visual appearance of this invention
is similar to a cigarette inserted into the cigarette holder, and
includes a battery assembly, an atomizer assembly and a
cigarette bottle assembly. An external thread electrode (209)
is located in one end of the battery assembly, and an internal
thread electrode (302) is located in one end of the atomizer
assembly. The battery assembly and atomizer assembly are

connected through the screwthread electrode into an emula- VPR Exhibit
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tion cigarette. The cigarette bottle assembly is inserted into
the other end of atomizer assembly, to form one cigarette type
emulation aerosol sucker.

As shown in FIG. 2A, the battery assembly includes the
indicator (202), lithium ion battery (203), MOSFET electric
circuit board (205), sensor (207), silica gel corrugated mem-
brane (208), primary screwthread electrode (209), primary
negative pressure cavity (210), and primary shell (211). On
one end of the primary shell (211) is an external thread elec-
trode (209), while on the other end is an indicator (202),
where there is an indicator cap (201) on one side, in which
there is a fine hole (501). On the other side, the lithium ion
battery (203) and MOSFET electric circuit board (205) are
connected successively. The sensor (207) is located on MOS-
FET electric circuit board (205). Between the primary
screwthread electrode (209) and sensor (207) is a silica gel
corrugated membrane (208), on which there is the primary
negative pressure cavity (210). The sensor (207) is connected
with the silica gel corrugated membrane (208) through the
switch spring (212).

Therein, the sensor (207) may be switch sensor made of
elastic alloy slice, Hall element of linear output, semiconduc-
tor force-sensitive chip, semiconductor matrix thermoelectric
bridge chip, capacitance or inductance sensor. The indicators
(202) include two red LEDs. The lithtum 1on battery (203)
may be either a rechargeable polymer lithium ion battery or a
rechargeable lithium ion battery. The external thread elec-
trode (209) is a gold-coated stainless steel or brass part with a
hole drilled in the center. The silica gel corrugated membrane
(208) may alternatively be made of fluorinated rubber, buty-
ronitrile rubber, or elastic alloy film.

As shown in FIG. 3, the atomizer assembly includes the
internal thread electrode (302), air-liquid separator (303),
atomizer (307) and the secondary shell (306). One end of the
secondary shell (306) is inserted into the cigarette bottle
assembly for connection, while the other end has an internal
thread electrode (302), in which there is the secondary nega-
tive pressure cavity (301). The air-liquid separator (303) and
the atomizer (307) are connected with the internal thread
electrode (302) successively. On the secondary shell (306),
there is an air intake hole (502). The air-liquid separator (303)
is made of stainless steel or plastic with a hole drilled. The
internal thread electrode (302) is a gold-coated stainless steel
or brass part with a hole drilled in the center.

The atomizer (307) may be a capillary impregnation atom-
izer as FIGS. 8 and 9 show, or a spray atomizer as FIGS. 10
and 11 show. For this embodiment, it is a spray atomizer.

As shown in FIG. 4, the cigarette bottle assembly includes
the cigarette liquid bottle (401), fiber (402) and suction nozzle
(403). The fiber (402) containing cigarette liquid is located on
one end of the cigarette liquid bottle (401), and this end is
inserted into the secondary shell (306) and lies against the
atomizer (307). The suction nozzle (403) is located on the
other end of the cigarette liquid bottle (401). Between the
fiber (402) and interior wall of the cigarette liquid bottle (401)
is an air intake hole (503).

As shownin FIG. 5A, the standby state of this invention has
the fully charged battery assembly shown on FIG. 2A fas-
tened onto the atomizer assembly shown on FIG. 3, which is
then inserted into the cigarette bottle assembly shown on FIG.
4. When the user slightly sucks the suction nozzle (403), the
negative pressure forms on the silica gel corrugated mem-
brane (208) through the air intake hole (503) and the primary
and secondary negative pressure cavities (210, 301), and the
silica gel corrugated membrane (208), under the action of
suction pressure difference, distorts to drive the switch spring
(212) and sensor (207), thus invoking MOSFET electric cir-
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cuit board (205). At this moment, the indicators (202) are lit
gradually; the lithium ion battery (203) electrifies the heating
body (305) inside the atomizer (307) through MOSFET elec-
tric circuit board (205) as well as the internal and external
thread electrodes (302, 209), so that the heating body (305)
inside the atomizer (307) produces heat. The fiber (402)
inside the cigarette liquid bottle (401) contains cigarette lig-
uid, which soaks the micro-porous ceramics (801) inside the
atomizer through the fiber (402). The air enters through the air
intake hole (502), passes through the run-through hole on the
air-liquid separator (303), and helps to form air-liquid mix-
ture in the spray nozzle (304) of the atomizer (307). The
air-liquid mixture sprays onto the heating body (305), gets
vaporized, and is quickly absorbed into the airflow and con-
densed into aerosol, which passes through the air intake hole
(503) and suction nozzle (403) to form white mist type aero-
sol.

When suction stops, the switch spring (212) and sensor
(207) are reset; the atomizer (307) stops working; the indica-
tors (202) gradually die down. When the operation times
reaches the pre-set value, the atomizer (307) provides a work
delay of 5-20 seconds per time, so as to remove the micro-dirt
accumulated on the heating body (305).

Besides the micro-porous ceramics, the liquid supply
material of the atomizer (307) may also be foamed ceramics,
micro-porous glass, foamed metal, stainless steel fiber felt,
terylene fiber, nylon fiber, nitrile fiber, aramid fiber or hard
porous plastics. The heating body (305) is made of the micro-
porous ceramics on which nickel-chromium alloy wire, iron-
chromium alloy wire, platinum wire, or other electrothermal
materials are wound. Alternatively, it may be a porous com-
ponent directly made of electrically conductive ceramics or
PTC (Positive Temperature Coefficient) ceramics and asso-
ciated with a sintered electrode. The surface of the heating
body (305) is sintered into high-temperature glaze to fix the
zeolite grains, which are made of natural zeolite, artificial
non-organic micro-porous ceramics or aluminum oxide
grains. The cigarette liquid bottle (401) and suction nozzle
(403) in the cigarette bottle assembly are made of non-toxic
plastic, and inside them is the fiber (402) made of polypro-
pylene fiber or nylon fiber to absorb cigarette liquid. In the
battery assembly, there is a fine hole (501) on the indicator cap
(201) for balancing the pressure difference on both sides of
the silica gel corrugated membrane (208).

The cigarette liquid contains 0.1-3.5% nicotine, 0.05-5%
tobacco flavor, 0.1-3% organic acid, 0.1-0.5% stabilizer, and
propanediol for the remaining.

The primary and secondary shell (211, 306) of this inven-
tion are made of stainless steel tube or copper alloy tube with
baked-enamel coating of real cigarette color.

As shown in FIG. 12, this invention may have the diameter
of the battery assembly increased in proportion, so that it is
consistent with the diameter of the atomizer assembly. Its
shell may be decorated with the leaf veins and sub-gloss
brown-yellow baked-enamel coating, to create a cigar type
emulation aerosol sucker.

For charging of the lithium ion battery (203) of this inven-
tion, the screwthread electrode (601) that matches the exter-
nal thread electrode (209) on the battery assembly may be
used as the charging interface.

Example 2
As shown in FIG. 2B, the differences of this example from

example 1 are as follows: MCU (206) is added between
MOSFET electric circuit board (205) and sensor (207). On
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the surface of the primary shell (211), there is a screen (204)
for display of the power of the lithium ion battery (203) and
the sucking times.
As shown in FIG. 5B, the standby state of this invention has
the fully charged battery assembly shown on FIG. 2B fas-
tened onto the atomizer assembly, which is then inserted into
the cigarette bottle assembly shown on FIG. 4. When the user
slightly sucks the suction nozzle (403), the negative pressure
forms on the silica gel corrugated membrane (208) through
the air intake hole (503) and the primary and secondary nega-
tive pressure cavities (210, 301), and the silica gel corrugated
membrane (208), under the action of suction pressure differ-
ence, distorts to drive the switch spring (212) and sensor
(207), thus invoking MCU (206) and MOSFET electric cir-
cuit board (205). At this moment, the indicators (202) are lit
gradually; the lithium ion battery (203) electrifies the heating
body (305) inside the atomizer (307) through MOSFET elec-
tric circuit board (205) as well as the internal and external
thread electrodes (302, 209), so that the heating body (305)
inside the atomizer (307) produces heat. The fiber (402)
inside the cigarette liquid bottle (401) contains cigarette lig-
uid, which soaks the micro-porous ceramics (801) inside the
atomizer through the fiber (402). The air enters through the air
intake hole (502), passes through the run-through hole on the
air-liquid separator (303), and helps to form air-liquid mix-
ture in the spray nozzle (304) of the atomizer (307). The
air-liquid mixture sprays onto the heating body (305), gets
vaporized, and is quickly absorbed into the airflow and con-
densed into aerosol, which passes through the air intake hole
(503) and suction nozzle (403) to form white mist type aero-
sol.
As shown in FIG. 7, when the action of suction evokes the
sensor, MCU (206) scans the sensor (207) in the power-
saving mode of pulse, and according to the signal parameters
of the sensor (207), restricts the atomizing capacity with the
integral function of frequency to single operation time. Also,
the MCU (206) accomplishes the pulse width modulation and
over discharging protection for the constant power output,
automatic cleansing for thousands of times per operation, step
lighting/dying down control of the indicator, display of the
operation times and battery capacity, automatic recovery after
sensor malfunction shutdown, etc.
The unit and its connecting structure of this invention may
also be loaded with drugs for delivery to the lung.
Above are just specifications of a concrete example and
applied example of this invention. This doesn’t necessarily
restrict the scope of protection of this invention. Any equiva-
lent modification or decoration made on the basis of the
design spirit of this invention shall fall into the scope of
protection of this invention.
The invention claimed is:
1. An electronic cigarette or cigar comprising:
a battery assembly comprising a battery assembly housing
having a first end and a second end, with a battery, a
micro-controller unit (MCU) and a sensor electrically
connected to a circuit board within the battery assembly
housing;
aprimary screwthread electrode located on the first end of
the battery assembly housing and having a hole through
its center;
an atomizer assembly comprising:
an atomizer assembly housing having a first end and a
second end;

an atomizer, and a solution storage area in the atomizer
assembly housing;

a secondary screwthread electrode located on the second
end of the atomizer assembly housing and having a
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hole through its center, the battery assembly and the
atomizer assembly connected through the primary
and secondary screwthread electrodes; and

with the atomizer including a heater coil wound around
a porous component.

2. The electronic cigarette or cigar of claim 1, with the
solution storage area in the solution assembly having a first
end and a second end, and the second end of the solution
assembly is inserted into the first end of the atomizer assem-
bly housing.

3. The electronic cigarette or cigar of claim 1, wherein the
primary screwthread electrode is an external screwthread
electrode and the secondary screwthread electrode is an inter-
nal screwthread electrode.

4. The electronic cigarette or cigar of claim 1, wherein the
battery assembly further comprises a membrane located
between the primary screwthread electrode and the sensor.

5. The electronic cigarette or cigar of claim 1, further
comprising a screen located on a surface of the battery assem-
bly housing.

6. The electronic cigarette or cigar of claim 1, wherein the
sensor comprises a switch sensor, a Hall element, a semicon-
ductor force-sensitive chip, a semiconductor matrix thermo-
electric bridge chip, a capacitance sensor or an inductance
sensor.

7. The electronic cigarette or cigar of claim 1, wherein the
atomizer assembly has an air intake hole at the secondary
screwthread electrode.

8. The electronic cigarette or cigar of claim 1 further com-
prising a fiber material within the solution storage area.

9. The electronic cigarette or cigar of claim 1 with the
porous component that the heater coil is wound around com-
prising a fiber material.

10. An electronic cigarette or cigar comprising:

a battery assembly housing having a first end and second

end;

a battery connected to a circuit board within the battery
assembly housing;

a primary screwthread electrode located on the first end of
the battery assembly housing;

an atomizer assembly comprising:

an atomizer assembly housing having a first end and a
second end;

a secondary screwthread electrode located on the second
end of the atomizer assembly housing with the battery
assembly and the atomizer assembly connected through
the primary and secondary screwthread electrodes;

an atomizer in the atomizer assembly housing, with atom-
izer including a heater coil wound around a porous com-
ponent; and

a solution assembly, which comprises, a suction nozzle at a
first end of the solution assembly, and a solution storage
area with a liquid containing fiber material in the solu-
tion storage area.

11. The electronic cigarette or cigar of claim 10 with the
porous component that the heater coil is wound around com-
prising a fiber material.

12. The electronic cigarette or cigar of claim 10, wherein
the second end of the solution assembly is inserted into the
first end of the atomizer assembly, thus forming a cigarette or
cigar body.

13. The electronic cigarette or cigar of claim 10, wherein
the circuit board is a Metallic Oxide Semiconductor Field
Effect Transistor (MOSFET) circuit board.
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14. The electronic cigarette or cigar of claim 10, wherein
the primary screwthread electrode is an external screwthread
electrode and the secondary screwthread electrode is an inter-
nal screwthread electrode.

15. The electronic cigarette or cigar of claim 10, wherein
the battery assembly further comprises a membrane located
between the primary screwthread electrode and the sensor.

16. The electronic cigarette or cigar of claim 10, wherein
the battery assembly further comprises a micro controller unit
(MCU)) electrically connected to the circuit board.

17. The electronic cigarette or cigar of claim 10, wherein
the atomizer assembly has an air intake hole.

18. The electronic cigarette or cigar of claim 17, wherein
the air intake hole is at the secondary screwthread.

19. The electronic cigarette or cigar of claim 10 wherein the
coil comprises nickel-chromium alloy wire, iron-chromium
alloy wire, platinum wire or another electrothermal material.

20. The electronic cigarette or cigar of claim 10 wherein the
heating element comprises a plurality of zeolite grains.

21. The electronic cigarette or cigar of claim 10, wherein
the primary screwthread electrode connects to a charger.

22. The electronic cigarette or cigar of claim 10 with at
least one of the primary and the secondary screwthread elec-
trodes having a hole through its center.

20

8

23. An electronic cigarette comprising:

battery assembly including a battery assembly housing
having a front end and a back end, with a battery, a
micro-controller unit (MCU) and a sensor electrically
connected to a circuit board within the battery assembly
housing;

a first screwthread electrode located on the back end of the
battery assembly housing;

an atomizer assembly comprising:

an atomizer assembly housing having a front end and a
back end;

an atomizer, and a solution storage area in the atomizer
assembly housing;

a second screwthread electrode located on the front end of
the atomizer assembly housing, the battery assembly
and the atomizer assembly connected through the first
and second screwthread electrodes; and

with the atomizer including a heater coil wound around a
porous component.

24. The electronic cigarette of claim 23 with the solution
storage area within a solution assembly, and with a front end
of the solution assembly inserted into the back end of the
atomizer assembly.
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57 ABSTRACT

Aprogrammable aerosol generator forms a volatilized liquid
by supplying a material in liquid form to a flow passage and
heating the flow passage, such that the material volatilizes
and expands out of an outlet of the channel. The volatilized
material, if desired, mixes with ambient air such that vola-
tilized material condenses to form the aerosol. An apparatus
and method for generating such a volatilized liquid, as well
as the control and methods of heating, are disclosed as an
analytical tool useful for experimental use, a tool useful for
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METHOD AND APPARATUS FOR GENERATING A
VOLATILIZED LIQUID

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates generally to a flexible plat-
form that generates aerosols and vapors through the vola-
tilization of a liquid for laboratory testing and development
of applications for volatilized liquids.

[0003] 2. Description of Related Art

[0004] U.S. Pat. No. 5,743,251, which is incorporated
herein by reference, discloses an aerosol generator that
includes a tube having a first open end. The aerosol genera-
tor further includes a heater for heating the tube to a
temperature sufficient to volatilize material in a liquid form
in the tube such that the volatilized material expands out of
the open end of the tube and mixes with ambient air to form
an aerosol.

[0005] An aerosol generator 21 according to U.S. Pat. No.
5,743,251 is schematically shown with reference to FIG. 1.
The aerosol generator 21 includes a tube 23 having an open
end 25. Aheater 27 is positioned adjacent to at least a portion
of the tube 23, but preferably in a way that provides a heated
zone around the tube that maximizes heat transfer evenly
throughout the heated zone. The heater 27 is connected to a
power supply 29, preferably a DC power supply, such as a
battery.

[0006] In operation, a material (not shown) in liquid form
is introduced to the tube 23. The heater 27 heats the portion
of the tube 23 to a sufficient temperature to volatilize the
liquid material. In the case of an organic liquid material, the
heater preferably heats the liquid material just to the boiling
point of the liquid material, and preferably maintains the
surface temperature of the tube 23 below 400 ° C., as most
organic materials are not stable when they are exposed to
temperatures above that temperature for periods of time. The
volatilized material expands out of the open end 25 of the
tube 23. The volatilized material mixes with ambient air
outside of the tube and condenses to form particles, thereby
forming an aerosol.

[0007] The tube 23 is a capillary tube or a portion thereof
having an inside diameter of between 0.05 and 0.53 milli-
meter and the inside diameter of the tube can be approxi-
mately 0.1 millimeter. The tube 23 can be a portion of a
fused silica capillary column, an aluminum silicate ceramic
tube, or other substantially non-reactive materials capable of
withstanding repeated heating cycles and generated pres-
sures and having suitable heat conduction properties. If
desired or necessary, an inside wall of the tube 23 may be
provided with a coating for reducing the tendency of mate-
rial to stick to the wall of the tube, which may result in

clogging.

[0008] The tube 23 may be closed at a second end 31 and
material in liquid form may be introduced into the tube 23
through the open end 25 when it is desired to form an
aerosol. Thus, when the liquid material is heated by the
heater 27, the volatilized material is only able to expand by
exiting the tube 23 through the open end 25. However, the
second end 31 of the tube is connected to a source 33 (shown
by dotted lines in FIG. 1) of liquid material. The liquid

Feb. 13, 2003

material in the portion of the tube 23 volatilized by the
heater 27 is prevented from expanding in the direction of the
second end 31 of the tube, and is forced out of the open end
25 of the tube, as a result of back pressure of liquid from the
source 33 of liquid material. The back pressure of the liquid
is between about 20 to 30 psi.

[0009] 1t is contemplated that a variety of uses can be
developed for the aerosol generator described above. In
order to investigate such uses, it would be desirable to have
an instrument capable of generating vapors and aerosols to
be evaluated.

SUMMARY OF THE INVENTION

[0010] The invention provides a programmable instrument
for volatilizing liquid material, thus facilitating investiga-
tional use of the vaporized liquid for various applications.

[0011] A material in liquid form is supplied to a flow
passage and the liquid material is heated to a temperature
sufficient to volatilize the material such that the material
expands out of the flow passage, which results in a vapor of
the volatilized material, the volatilized material, then if
desired, condensing upon mixing with air to form an aerosol.
A programmable controller is used to control delivery of
liquid material to the flow passage and/or control heating of
a heater arrangement for volatilizing the liquid.

[0012] An embodiment is directed towards an instrument
and method for generating an aerosol with a flow passage
defined by a metal tube capable of conducting electricity.
The tube has a first open end and a power supply for
supplying power to a heater comprises a section of the metal
tube such that the tube heats to a temperature sufficient to
volatilize the liquid material in the flow passage. The
volatilized material expands out of the open end of the flow
passage and then may mix with ambient air to form an
aerosol.

[0013] Another embodiment is directed towards an instru-
ment and method for generating a volatilized liquid com-
prising a flow passage having a first open end and a heater
which heats the flow passage to a temperature sufficient to
volatilize material in liquid form such that the volatilized
material expands out of the open end of the flow passage.
The volatilized material may then mix with ambient air to
form an aerosol. A controller is operable to maintain the
temperature of the flow passage and regulate the flow of
material. The controller is preferably capable of accepting
manually entered commands or programs associated with
operating parameters of the instrument. In addition, the
controller is configured to be programmed for different
parameters associated with the generation of the aerosol
and/or precursor vapor, such that the controller can be used
for developmental testing.

[0014] A further embodiment is directed to an instrument
and method for generating a volatilized liquid including a
flow passage with a first open end and a plurality of heaters
for heating the flow passage to a temperature sufficient to
volatilize material in liquid form in the flow passage such
that the volatilized material expands out of the open end and
may mix with ambient air to form an aerosol.

[0015] A method for generating an aerosol or vapor com-
prises steps of setting a target parameter, such as resistance
of a heater arrangement, such as a resistance heater, corre-
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sponding to a temperature sufficient to volatilize a liquid
material within a flow passage heated by the heater; sup-
plying a liquid material to the flow passage; periodically
determining the parameter of the heater; comparing the
parameter to the target parameter; and energizing the heater
when the parameter is less than the target parameter. In other
embodiments, the method comprises setting a series or range
of target parameters (i.e., multiple or variable target param-
eters), such as a series or range of resistance values of a
heater.

[0016] Another embodiment is directed to an instrument
for generation of volatilized material, which comprises at
least one flow passage having an open end; a liquid supply
operable to supply liquid material to the flow passage; at
least one heater adapted to heat the flow passage to a
temperature sufficient to volatilize material in liquid form in
the flow passage such that the volatilized material expands
out of the open end of the flow passage, the volatilized
material optionally being admixed with air to form an
aerosol; a first flow path in fluid communication with the
open end of the flow passage; a second flow path in fluid
communication with the open end of the flow passage, the
second flow path being different from the first flow path; a
first valve in fluid communication with the open end of the
flow passage; and a controller operable to monitor a condi-
tion of the heater and to control operation of the first valve
such that the volatilized material or aerosol (i) flows through
the first flow path when the heater is in a non-conforming
condition and (ii) flows through the second flow path when
the heater is in a confirming condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The features and advantages of the invention are
well understood by reading the following detailed descrip-
tion in conjunction with the drawings in which:

[0018] FIG. 1 is a schematic view of an aerosol generator
according to the prior art.

[0019] FIG. 2 shows an embodiment of an instrument
wherein a section of a metal tube is used as a heater.

[0020] FIG. 3 shows an embodiment of an instrument
wherein a controller operates a fluid supply and heater
arrangement.

[0021] FIG. 4 shows an embodiment of an instrument
wherein multiple heating zones heat the liquid.

[0022] FIG. 5 is a plot of temperature versus resistance of
a resistance heater.

[0023] FIG. 6 is a plot of resistance of a resistance heating
element versus time, the plotted points indicating when the
heating element is supplied power and when the heating
element is not supplied power.

[0024] FIG. 7 shows another embodiment of an instru-
ment wherein a controller operates a fluid supply and heater
arrangement.

[0025] FIG. 8 illustrates an exemplary timing diagram for
operation of the instrument shown in FIG. 7.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] The invention provides an instrument, which incor-
porates control and measurement capabilities during gen-
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eration of vaporized liquid, which may be condensed in
ambient air to form an aerosol. The instrument can be used
for medical, agricultural, industrial and scientific purposes.
The instrument incorporates a heater arrangement which is
used to volatilize liquid material. The instrument permits the
precise application of energy to the heater arrangement
under various control schemes to thereby generate solid and
liquid aerosols. The aerosols can be produced from a single
flow passage or a multiple flow passage arrangement.

[0027] Aerosols are useful in a wide variety of applica-
tions. For example, it is often desirable to treat respiratory
ailments with, or deliver drugs by means of, aerosol sprays
of finely divided particles of liquid and/or solid, e.g., pow-
der, medicaments, etc., which are inhaled into a patient’s
lungs. Aerosols are also used for purposes such as providing
desired scents to rooms, applying scents on the skin, and
delivering paint and lubricant. Aerosols have also been
considered for fuel delivery systems for high performance
engines and turbines where the small particle size influences
ignition rates, combustion efficiencies and flame speed.
Aerosol generation in areas of combustion initially result in
the formation of aerosols, but may after ignition result in
only producing vapor, due to the temperature experienced at
combustion.

[0028] Aecrosols and the precursor vapor may also have
applications in creating nano particles and other powders.
The volatilization of liquid metals brings the possibility of
producing micro ball bearings, foam metal and metal plating
in a precise and cost effective manner. The uses of aerosols
and the precursor vapor also have applications in the area of
lubrication, where disbursement of the lubricant can be
facilitated with the introduction of a concentration of par-
ticles of lubricant.

[0029] Development of such applications can be investi-
gated using a versatile platform capable of producing an
aerosol precursor vapor with a variety of user control
elements, programmable functions and recording systems
not presently available. The instrument can be used for such
investigational purposes or used for commercial production
of products formed as a result of, or in conjunction with,
aerosol or volatilization of one or more materials.

[0030] The instrument incorporates a programmable vapor
generator as described above. Embodiments of the instru-
ment can incorporate various electronic hardware and soft-
ware designed to achieve desired objectives. For instance,
the instrument can be used to control and measure the energy
applied to generate the vapor on time scales of one hundred
milliseconds or less. The instrument can be programmed to
control vapor generation by a variety of control strategies
and using a variety of different vapor generator designs.
Some of the control strategies include: constant and variable
power profiles, constant and variable energy profiles, con-
stant and variable heater resistance (temperature) profiles,
constant and variable fluid flow profiles, constant and vari-
able fluid pressure profiles, fluid valving control to the vapor
generator, hot fluid heat transfer control, active energy
control, inductive heating, different heater designs, multiple
zone heaters, multiple heaters, and the like. Further control
strategies can include variable, stepped heater resistance
profiles, such as by varying the resistance parameter over
time using one or more predetermined functions and/or
equations. Other control strategies that can be used include
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constant and variable duty cycle profiles. It is contemplated
that the instrument can be used for characterization of
aerosols for the delivery of medication to the lungs, char-
acterization of aerosols for laboratory experiments, charac-
terization of acrosols for inhalation studies, characterization
of aerosols for the application of pesticides, characterization
of vapors used in combustion applications, and the like.
However, the instrument can be used for commercial pro-
duction of products if so desired.

[0031] The liquid can be delivered to the heater arrange-
ment by various techniques. For instance, a syringe pump
can be used to deliver liquid to the heater arrangement in
which case the liquid can be delivered at a constant rate for
a predetermined time. However, if desired, the syringe pump
can be used to deliver liquid to the heater arrangement at a
variable rate. A programmed controller can execute the
instructions for operating the syringe pump to deliver a
desired amount of liquid to the heater arrangement. Another
possibility is the use of a liquid pump, which withdraws
liquid from a container and delivers the liquid at a constant
rate to the heater arrangement. However, if desired, the
liquid pump can deliver the liquid at a variable rate to the
heater arrangement. With such an arrangement, the pump
would continuously circulate the liquid and a valve would be
used to divert the liquid to the heater arrangement as
instructed by the controller. A further possibility is the use of
a pressurized fluid arrangement wherein a valve is used to
deliver the pressurized liquid to the heater arrangement as
instructed by the controller.

[0032] The heater arrangement can be designed as a
replaceable unit. For instance, the instrument can be
designed to accommodate interchangeable heater arrange-
ments wherein the size of the flow passage can be varied
with respect to length and/or width thereof. Likewise, the
heater used to volatilize liquid in the flow passage can take
various forms such as a single heater or multiple heater
arrangement.

[0033] Preferably, the flow passage is a capillary sized
flow passage with transverse dimensions of 0.01 to 10 mm,
preferably 0.05 to 1 mm, and more preferably about 0.1 to
0.5 mm. Alternatively, the capillary passage can be defined
by transverse cross sectional area of the passage, which can
be 8x107° to 80 mm?, preferably 2x107> to 8x10~! mm? and
more preferably 8x107> to 2x10~! mm?. As an example, the
heater arrangement can comprise a stainless steel tube
having electrical leads attached thereto for passage of DC
current through the tube. The stainless steel tube can have
any desired diameter. For investigating the behavior of
aerosolized fluids including medication for inhalation, the
tube can comprise various hypodermic needle gauges. A 32
gauge needle has an internal diameter of 0.11 mm (0.004
inch) and a 26 gauge needle has an internal diameter of 0.26
mm (0.01 inch). Thus, if a higher flow rate of liquid is
desired, a larger sized flow passage can be used to volatilize
the liquid. Although a stainless steel tube can be used as a
combination heater/flow passage, other arrangements can be
used for the flow passage/heater arrangement. For instance,
a ceramic layer can be etched to provide a groove, which
defines the flow passage and the ceramic layer can be
overlaid with another ceramic layer, which incorporates a
heater, such as a platinum heater, arranged to heat liquid in
the groove. Like the stainless steel tube, the resistance heater
can be heated by passing DC current therethrough.
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[0034] The instrument can be programmed to achieve
various control schemes. For instance, a resistance control
scheme can be used to minimize overheating and under
heating of the heater arrangement. In particular, a program
can be used to send power to the heater until a target
resistance value is reached. Under a power control scheme,
a certain amount of power is supplied to the heater arrange-
ment and the power is monitored and adjusted to maintain
the heater arrangement at a desired temperature. In a voltage
control scheme, a certain voltage (e.g., 4 volts) can be
continuously supplied to the heater arrangement and a
program (e.g., algorithm) is used to monitor and maintain
the voltage at a target value. As an example, the controller
can be programmed to control delivery of a pulse of power
(e.g., duty cycle of 25% to 100% using a fixed pulse and
pulse width of 1 to 10 msec) to the heater, measure the
voltage drop across the heater, calculate the temperature
dependent resistance of the heater and control the on/off
supply of energy to the heater arrangement to maintain a
target resistance value of the heater arrangement. In a
preferred arrangement, the on time of the duty cycle is 2 to
4 milliseconds and the off time is varied between 2 and 16
milliseconds.

[0035] The instrument can be operated in conjunction with
various detectors for analyzing the volatilized fluid. For
instance, a filter can be used to collect aerosol and the
collected aerosol can be weighed or submitted to gas or
liquid chromatography for further evaluation. In order to
determine particle sizing and distribution, a collection
device can be located close to the jet of atomized liquid
produced by the heater arrangement, or a manifold can be
used to confine the aerosol and direct the aerosol to the
collection device. Another possibility is to use a device
which passes light through the aerosol to measure how thick
the aerosol is and thus measure concentration of the particles
in the aerosol. The instrument can be used to study the
effects of vaporizing various hydrocarbon fuels such as jet
fuel, gasoline, diesel, kerosene or the like. Another possi-
bility is to use the instrument for studying pesticide appli-
cation, e.g., the heater arrangement can be used to produce
a fine fog or coarse spray for fumigating plants. The instru-
ment can be used for toxicology studies wherein laboratory
animals such as rats can be used to observe the effects of
inhaled material.

[0036] The controller can be programmed to plot or store
values of interest during operation of the heater arrange-
ment. For instance, a memory can be used to store time and
other parameters, which vary over time, such as resistance of
the heater, total energy sent to the heater, power, voltage
and/or current. The memory can also be used to store duty
cycle and/or time to reach steady state. Further, such param-
eters can be plotted on a screen or printed out during
operation of the heater arrangement or at a later time.

[0037] The instrument can be designed to produce a
plurality of vaporized liquids. For instance, a conduit or
manifold can be arranged to receive the aerosolized output
of multiple heater arrangements. For example, two or more
heater arrangements can be arranged along the axial length
of a tube and the flow passages of the heater arrangements
can be oriented to deliver the vaporized fluid in a direction
perpendicular to the axis of the tube, or the directions of the
vaporized liquid can be non-perpendicular to the tube axis.
The multiple heater arrangements can be spaced apart axi-
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ally along the length of the tube, or spaced apart circum-
ferentially around the outer diameter of the tube.

[0038] The controller can be operated by a user interface,
which allows selection of various programmable variables to
be input into memory for operation of the instrument. The
controller can be programmed to utilize an algorithm which
performs calculations based on the following variables. Any
suitable algorithm can be used to achieve the desired control
scheme, e.g., algorithms provided with commercial diag-
nostic equipment available from Agilent Technologies, Inc.,
Palo Alto, Calif. See, for example, U.S. Pat. Nos. 6,269,267,
6,173,207, 6,246,613 and 6,205,362. An “event” variable
switches the program between waiting to run (event=0) and
running the heater (event=1). An event “trigger” variable
activates a counter for sensing a trigger signal. A “pulse”
variable corresponds to the output state for sending power to
the heater (pulse=1). In a preferred embodiment, a “pulse
count” variable activates a counter for an 8 millisecond
heater cycle. An “event count” variable corresponds to the
cumulative time in milliseconds during a run. A “resist
target” variable corresponds to the target resistance for the
heater during operation. An “energy” variable is the cumu-
lative energy sent to the heater. A “resistance” variable is the
measured resistance of the heater. An “energy COEF” vari-
able corresponds to the calibration coefficiency for energy. A
“resist COEF” variable is the calibration coefficient for
resistance. An “armed” variable indicates which kind of
trigger will be used to start the run. A “time” variable is the
length of time for a run defined as the time the heater is
powered and expressed in milliseconds. A “vd count” vari-
able actuates a counter for timing the valve or energy delay.
A “valve delay” variable can be used to open the valve after
the heater is activated, the valve delay being the time lag in
milliseconds between applying power to the heater and
opening the valve. A “heater delay” variable can be used to
open the valve before the heater is activated, the heater delay
being the time lag in milliseconds between opening the
valve and applying power to the heater.

[0039] FIG. 2 shows an embodiment of volatilized liquid
generator 220. The volatilized liquid generator includes a
member 221 defining a flow passage or channel 223 capable
of conducting a fluid or vapor to a first open end 225 and a
power supply 229 for applying a voltage to the member 221
such that a current in the member heats the channel to a
temperature sufficient to volatilize a liquid material in the
flow passage 223, such that the volatilized material expands
out of the open end 225 of the flow passage 223 and, if
desired, mixes with the ambient air to form an aerosol.
Liquid can be supplied from a source of material by a pump
235 or other suitable mechanism.

[0040] The flow passage 223 in this embodiment is pref-
erably 304 stainless steel. However, any electrically con-
ductive material capable of being resistively heated, retain-
ing the necessary structural integrity at the operating
temperature experienced by the flow passage 223, and
sufficiently non-reactive with the liquid material, could be
used. Such materials include, but are not limited to copper,
aluminum, metal composites, or other metals and alloys. The
flow passage 223 has an open end 225 that allows the heated
material to escape and an end 231 that allows the liquid
material to be supplied.

[0041] The power supply for applying a voltage in this
embodiment includes a voltage source 229 and two termi-
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nals 227a and 227b. The voltage source 229 can be a direct
current battery. However, the use of alternating current could
also be effective. The terminals 227a and 227b are prefer-
ably in contact with at least a portion of the perimeter of the
member 221. The contact terminals 227a and 227b are
preferably made of a material with a low resistance com-
pared to the member 221 and have a coefficient of thermal
expansion that avoids separation from the member 221.

[0042] The member 221 is preferably heated by resistance
heating. The energy transferred to the member 221 from the
voltage source 229 is governed by Ohm’s Law.

V (voltage)=I (current)-R (resistance) @
Power=V-I=V?/R @
[0043] In an example, for a 0.001 to 0.020 inch internal

diameter/0.018 to 0.030 inch outside diameter tube of 304
stainless steel with an average internal resistance of about
3.12 ohms (for this example assuming the resistance remains
constant for all temperatures) and the voltage source sup-
plying 2.5 volts DC, the rate of energy transfer to the flow
passage 223 is as follows:

Power=(2.5 V)%(3.12 ohm)=19.5 joules/sec 3

[0044] Thus, the heat generated in the tube is a function of
V (voltage drop across the flow passage) and the average
resistance R of the tube.

[0045] A volatilized liquid generator, consistent with the
foregoing example has been found to operate successtully in
generating a vapor from liquid propylene glycol, when
operated continuously at approximately 2.5 Volts and 0.8
Amps. The power supplied by the voltage source operating
at this level is close to the minimal power requirements for
volatilizing propylene glycol at a rate of 1.5 milligrams per
second at atmospheric pressure, illustrating that the volatil-
ized liquid generator 220 may be operated efficiently.

[0046] The volatilized liquid generator 220 may be oper-
ated intermittently, e.g., on demand, as discussed further
below, continuously, or according to a predetermined pro-
file. When it is desired to generate an intermittent volatilized
liquid, the material in liquid form may be supplied inter-
mittently to the heating zone 226 located between terminals
227a, 227b each time that it is desired to generate the
precursor vapor or aerosol. Additionally, in intermittent
operation the heater could be turned off to prevent liquid in
the flow passage from volatilizing. Preferably, the material
in liquid form flows from the source 233 of material to the
heating zone 226, via a pump 235, pressurized source or
other suitable supply arrangement.

[0047] One or more valves may be provided in a flow line
between the source 233 of material and the heating zone 226
to interrupt flow of liquid. Preferably, the material in liquid
form is pumped by a pump 235 in metered amounts (e.g.,
predetermined volume, mass, flow rate, etc.) to the heating
zone 226. The remaining material in the flow line between
the source 233 of material and the heating zone 226 provides
a barrier to prevent expansion of the volatilized material in
the direction of the upstream end 231 of the flow passage
223. The pump can be operated by a stepping motor to
achieve precise metering of the liquid material. However,
other arrangements can be used to deliver liquid to the flow
passage 223, e.g., a syringe pump, which holds a quantity of
liquid and delivers precise quantities of liquid or delivers
liquid at a constant flow rate; a single shot delivery mecha-
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nism, which delivers a precise volume of liquid; a pressur-
ized liquid container arrangement, which delivers liquid to
a solenoid valve, which controls delivery of the liquid to the
flow passage 223, etc.

[0048] FIG. 3 illustrates an embodiment of an instrument
300 for controlled vaporization of liquid material. The
instrument includes a flow passage 323 with a downstream
first open end 325, heater 310 for heating the flow passage
323 to a temperature sufficient to volatilize liquid material in
the flow passage 323, such that the volatilized material
expands out of the open end 325 of the flow passage and, if
desired, mixes with ambient air to form an aerosol.

[0049] The instrument 300 includes a controller 350 for
operating the heater 310 and delivery of liquid from liquid
source 333 to the flow passage via operation of a valve 342
and pump 335. The controller 350 also directs the storage of
parameters associated with generating the volatilized liquid
in a memory 351. The controller 350 also operates a
switching arrangement or switch 340 for applying power to
the heater 310. The memory 351 is provided for recording
parameters such as liquid material flow rate and energy
transfer, as well as storing operational programs. The main-
taining and/or recording of associated parameters with
respect to operation of the volatilized liquid generator may
be desired when conducting experiments or monitoring
quality of the precursor vapor and the aerosol. Also associ-
ated with the controller 350 is a display 352 to assist a user
in visually monitoring the generator while in operation and
also for displaying the user settings and the contents of the
memory 351.

[0050] The heater 310 can be activated by application of
a voltage across an electrically conducting portion thereof or
other suitable arrangement. For instance, a heating element
can be comprised of a coil of wire or a layer of conductive
material along the flow passage 323. The use of a heat
exchanger or exposure to combusted gases could also be
used to heat the flow passage. Lasers, and electromagnetic
waves, as well as chemical and mechanical methods of
vaporizing liquid in the passage, are also possible. The
resistance heating arrangement heats the liquid material
inside the flow passage, in the particular embodiment by
converting electrical energy into heat energy as a result of
the electrical resistance of the tube or heating element and
the voltage and induced current supplied across it. The
voltage is applied by a power source 329 across the termi-
nals of the heating element 327a and 327b. The application
of voltage to the heater 310 is regulated, by the controller
350, through manual inputs or an operating program,
through a switch 340. In this embodiment, the switch 340 is
a field effect transistor which allows rapid switching through
cycles less than 10 milliseconds, preferably less than 1
millisecond.

[0051] The controller 350 receives input relating to the
temperature of the flow passage 323, through a measuring
device 341 and input relating to the flow rate of the liquid
material into the flow passage 323 from a measuring device
342. Venturi channels, positive displacement pumps and
other equipment capable of such measurements can be used
as the measuring device 342. The temperature of the liquid
in the flow passage 323 is calculated based on the measured
or calculated resistance of the heating element. In a preferred
embodiment, the heater 310 is a portion of a metal tube, or
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the heater can be a strip or coil of resistance heating material.
The controller 350 regulates the temperature of the flow
passage 323 by monitoring the resistance of the heater.

[0052] Resistance control can be based on a simple prin-
ciple that the resistance of the heater 310 increases as its
temperature increases. As power is applied, via switch 340,
to the heating element 310, its temperature increases because
of resistive heating and the actual resistance of the heater
also increases. When the power is turned off, the temperature
of the heater 310 decreases and correspondingly its resis-
tance decreases. Thus, by monitoring a parameter of the
heater (e.g., voltage across the heater using known current to
calculate resistance) and controlling application of power,
the controller 350 can maintain the heater 310 at a tempera-
ture that corresponds to a specified resistance target. The use
of one or more resistive elements could also be used to
monitor temperature of the heated liquid in cases where a
resistance heater is not used to heat the liquid in the flow
passage.

[0053] The resistance target is selected to correspond to a
temperature that is sufficient to induce a heat transfer to the
liquid material such that liquid is volatilized and expands out
the first open end 325 of the flow passage 323. The controller
350 effects closing of the switch 340, which activates the
heating thereby applying for a duration of time, energy to the
heater 310 and, after and/or during such duration, deter-
mines the real time resistance of the heater, using input from
the measuring device 341. In the preferred embodiment, the
resistance of the heater is calculated by measuring the
voltage across a shunt resistor (not shown) in series with the
heater 310 (to thereby determine current flowing to the
heater) and measuring the voltage drop across the heater (to
thereby determine resistance based on the measured voltage
and current flowing through the shunt resistor). To obtain
continuous measurement, a small amount of current can be
continually passed through the shunt resistor and heater for
purposes of making the resistance calculation, and pulses of
higher current can be used to effect heating of the heater to
the desired temperature.

[0054] 1If desired, the heater resistance can be derived from
a measurement of current passing through the heater, or
other techniques can be used to obtain the same information.
The controller 350 then makes decisions as to whether or not
to send an additional duration of energy based on the
difference between the desired resistance target for the
heater 310 and the actual resistance as determined by the
controller 350.

[0055] In a developmental model, the duration of power
supplied to the heater was set at 1 millisecond. If the
monitored resistance of the heater 310 minus an adjustment
value is less than the resistance target, the controller 350 is
programmed to supply another duration of energy by leaving
the switch 340 in the closed (“on”) position. The adjustment
value takes into account factors such as heat loss of the
heater when not activated, the error of the measuring device
and a cyclic period of the controller and switching device,
among other possibilities. In effect, because the resistance of
the heater varies as a function of its temperature, resistance
control can be used to achieve temperature control.

[0056] The equation for the temperature coefficient of
resistivity for type 304 stainless steel is:

p(ohm-cm)=4.474x107°+1.0x107'7-3.091x 1072 €))
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[0057] where T is the temperature in degrees Kelvin. A
plot of the average temperature of a heater comprising a 28
gauge, 44-mm long capillary tube with a cold resistance
(room temperature, 24° C.) of 0.669 ohms as a function of
its resistance is shown in FIG. 5. The values shown in FIG.
5 represent the average temperature of the heater, i.c., the
actual temperature along the length of the heater can vary
due to factors such as heat losses from the electrical leads
and the vaporization of the fluid, and the temperature of the
heater proximate the end 331 and the open end 325 of the
flow passage 323 will tend to be lower than in the middle of
the heater.

[0058] The controller 350 can be programmed to deter-
mine the resistance of the heater 310 by processing data
representative of the voltage drop across a shunt resistor and
voltage drop across the heater. The power being sent to the
heater, the cumulative energy sent and the real time resis-
tance of the heater are calculated by the following equations:

Energy=(Input 1-Input 2-0.100-Energy Coef)+Energy O]
Resistance=(Input 1/(Input 2-100))-Resist Coef. (6)

[0059] These equations are based on Ohm’s Law. Input 1
is a multifunction measurement and control unit that mea-
sures the voltage drop across the heater, and Input 2 is the
input terminal that measures the voltage drop across the
shunt resistor. The shunt resistor can have a resistance of
0.010 ohms. Thus, energy in joules is:

Energy=PowerxTime=V; e, It @)

[0060] where V,_,,., is the voltage drop across the heater
(Input 1), T is the current through the system, and t is the
duration time (e.g., 1 millisecond) of power applied to the
heater. The current through the system can be calculated
from the voltage drop across the shunt resistor and its known
resistance as follows:

1=V g/ Rstun (8)
[0061]
Input 2 )
Energy = Input 1 - ———— -0.001 (sec) = Input 1 - Input 2-0.100.
0.01 (ohm)
[0062] where V, , is the voltage drop across the shunt

resistor (Input 1) and R, is the resistance value of the
shunt resistor (0.010 ohm).

[0063] The energy per duration value can be corrected for
instrumental variations with a calibration factor, ECF. The
duration energy is added to the previous energy value stored
in the memory 351 so that the instrument keeps track of the
cumulative energy sent to the heater 310. Likewise for the
resistance value of the heater:

Input 1 (10)

Resistance =

Vheater _ (

Vi
: heater ) _

" Vit [ Repwars Input 2 - 100
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[0064] The resistance value is then corrected by a calibra-
tion factor, RCF.

[0065] Control of resistance by the controller 350 offers
several advantages for controlling the heater. First, when the
heater 310 is initially started, the controller 350 can send
energy continuously to the heater 310 until it reaches its
operating resistance target or a lower value to prevent initial
overheating the heater after which the heater can be heated
gradually to the desired temperature. This provides the
fastest start up of the heater. Second, the controller can
automatically adjust the energy being sent to the heater to
match the requirements for maintaining the resistance target
without regard to the delivery rate of the liquid material, at
least to the upper limit of the power source 329. As long as
the resistance target and corresponding temperature is set
within the material limits of the heater 310, the heater cannot
be overheated due to a failure in the fluid supply system. An
example of a heating cycle is depicted in FIG. 6, which
illustrates the timing cycle for the resistance control algo-
rithm, the resistance target in this example being 0.785
ohms. This also protects against over heating due to the
power supply voltage being set too high. In addition, this
system was found to respond much faster than an actual
temperature control system based on thermocouple mea-
surements.

[0066] If the measured resistance of the heater minus the
predetermined adjustment value is greater than the target
resistance at the end of a pulse duration, the controller 350
turns the switch 340 off, thereby withholding energy from
the heater 310. After another predetermined duration, the
controller turns the switch 340 on and repeats the process.
For example, the second predetermined duration can be set
at 8 msec (e.g., 2 milliseconds on and 6 milliseconds off or
4 milliseconds on and 4 milliseconds off, etc.) from the
previous occasion when the switch 340 was turned on.

[0067] FIG. 4 shows details of an additional embodiment
of an instrument for generating a volatilized liquid in which
a plurality of separate heaters are used to heat the flow
passage and the liquid material passing therethrough such
that the material is volatilized and expands out the open end
of the channel. As in the previous embodiments, a flow
passage 423 with a first open end 425 has a liquid material
supplied to it through an end 431, a valve 442 controls the
introduction of the liquid, which is supplied from a source
of liquid material 433 by a pump 435. In this particular
embodiment, two separate heaters 410 and 410’ are used to
heat the flow passage and the liquid. The heating can be
accomplished through resistant heating. However, as dis-
cussed earlier, the heating is not limited to this method.

[0068] Power is supplied to each of the heaters through
terminals 427a and 427b for heater 410 and terminals 4274’
and 427b' for heater 410'. The application of power to the
heaters is controlled by controller 450 with an associated
memory 451 and a display 452. The controller 450 controls
the application of power through a switching circuit 440 or
other suitable arrangement for power control. The switching
circuit is capable of applying power independently to each
of the heaters. The power is supplied by voltage source 429.
The controller controls the application of power to the
heaters separately using information from measuring
devices 441 and 441' as well as input from the valve 442.
The controller is capable of being programmed to function
autonomously or in response to a user interaction.
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[0069] Measuring devices 441 and 441' in this particular
embodiment measure the current through a shunt resistor
and are combined with voltage drop across the respective
heaters to determine the resistance of the heaters, which
facilitates control by the controller 450 as described previ-
ously. As discussed above, the temperature across the flow
passage 423 can vary from the end 431 where liquid material
is supplied to the open end 425 where the material exits as
a vapor. As such, the use of a plurality of separate heaters to
control the temperature of the flow passage and the liquid
therein is advantageous because of different heat transfer
characteristics across portions of the flow passage. To fur-
ther regulate heat transfer of the flow passage to the liquid,
additional heaters can be added and controlled as desired.

[0070] Similarly to FIG. 3, heat transfer to the liquid
material from the heaters can actually be accomplished
using a single heater with different heating zones. For
example, a single heater having different zones can apply
more heat at a desired location along the flow passage, e.g.,
more heat at one end of the flow passage 423 and lesser heat
in the middle as desired. Although dynamic control of the
different heating zones would be more difficult, a more
desirable heat profile could be obtained using only the single
heater. Multiple zone heating could be achieved with a
heater having multiple coils with a high resistance value
placed on the end of the flow passage, whereas in the middle
the resistance value of the heating element could be reduced
and therefore reduce heat transfer to that section. In addition,
a pre-heater could be used to heat the material prior to entry
to the flow passage to a temperature just below the point at
which the liquid material would volatilize.

[0071] Embodiments of the instrument can be designed to
deliver a desired, specific quantity of vaporized liquids by
controlled output of the heater arrangement. For example,
the heater arrangement can be connected to multiple fluid
flow paths, such as conduits or tubing. The aerosolized
output may be conducted through different paths by manipu-
lation of valves. Valve control permits the aerosolized output
to be directed to different exits, for a predetermined time
interval. For example, the vapor/aerosol can be directed
through a first flow path when the heater is in a non-
conforming condition (e.g., non-steady state condition), and
a valve arrangement can direct the vapor/aerosol through a
second flow path when the heater is in a conforming
condition (e.g., steady state condition). Embodiments of the
instrument can be used for clinical studies in which a
constant, repeatable dose is desired to be administered to
human volunteers.

[0072] FIG. 7 illustrates an embodiment of an instrument
700 for controlled vaporization of liquid material, and
selective delivery of aerosol. The instrument 700 includes a
member 705 defining a flow passage or channel 723 capable
of conducting a fluid or vapor to a first open end 725, and
a power source 729 for applying a voltage to the member
705 such that a current in the member heats the flow passage
to a temperature sufficient to volatilize a liquid material in
the flow passage 723, the volatilized material expands out of
the open end 725 of the flow passage 723 and, if desired,
mixes with the ambient air to form an aerosol. Liquid can be
supplied from a source 733 of liquid material by a pump 735
or other suitable mechanism.

[0073] The flow passage 723 in this embodiment is pref-
erably 304 stainless steel. However, any electrically con-
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ducting material capable of being resistively heated, retain-
ing the necessary structural integrity at the operating
temperature experienced by the flow passage 723, and
sufficiently non-reactive with the liquid could be used. Such
materials include, but are not limited to, copper, aluminum,
metal composites, or other metals or alloys. The flow
passage 723 has an outlet 725 that allows the heated material
to escape and an inlet 731 that allows the liquid material to
be supplied.

[0074] The instrument 700 also includes valves 742 and
743. Valves 742 and 743 are actuated by the controller 750.
The valve 742 is in fluid communication with the heater via
a flow passage 760a and directs vaporized material or
aerosol from the heater 710 to the valve 742. Aerosol can be
formed, if desired, by mixing vaporized material generated
by the heater 710 with air present in and/or supplied to the
flow passage 760a. For example, an optional air inlet 762
may be arranged to introduce air into the flow passage 7604,
or air may be entrained around the heater 710 and drawn into
the flow passage 760a. The valve 742 is in fluid communi-
cation with an exhaust vacuum pump 744 via a flow passage
760b, and is in fluid communication with valve 743 via a
flow passage 760c. Valve 743 is in fluid communication with
a flow passage 760d. The pump 744 includes a filter,
preferably a high efficiency particulate air (HEPA) filter, to
remove material from the aerosol or vapor before the air is
exhausted to the atmosphere. Flow passages 760a, 7605,
760c and 760d are preferably made of medical grade respi-
ratory tubing. Valve 743 is in fluid communication with a
mouthpiece 770, through which a user can inhale aerosol.
However, the mouthpiece 770 can be omitted or replaced
with any suitable equipment, such as analytical equipment,
collection devices, etc.

[0075] In the case of an inhaler, the instrument preferably
includes a pressure sensor 745 electrically connected to the
controller 750 and in fluid communication with the mouth-
piece 770. The pressure sensor 745 is activated by a user
inhaling on the mouthpiece 770. The inhalation causes a
pressure drop in the mouthpiece 770, which is sensed by the
pressure sensor 745. The pressure sensor 745 can be
extremely sensitive. For example, the pressure sensor 745
can be triggered at a selected pressure drop and/or threshold
value of air flow, for example, as low as about 3 liters/min,
which is about Yio of the typical human inhalation rate.
Accordingly, the pressure sensor 745 can be triggered by a
user without wasting appreciable lung volume.

[0076] Valves 742 and 743 preferably operate in the
following manner. When valve 742 is in its default position,
the aerosol can flow along a first flow path. Namely, flow
passage 760a carries aerosol from the heater 710 to the valve
742, and the flow passage 760b carries aerosol from valve
742 to the pump 744. The acrosol is filtered by the filter
provided in the pump 744 and exhausted to the environment.
When valve 742 is in its default position, the flow passage
760c is empty (i.e., there is no aerosol moving through it).
Accordingly, no aerosol flow is permitted to the mouthpiece
770.

[0077] When valve 742 is in its default position, valve 743
is also in its default position. When valve 743 is in its default
position, flow passage 760d directs ambient air through
valve 743 to mouthpiece 770.

[0078] In preferred embodiments, the aerosol generated by
the heater 710 is exhausted to the pump 744, and aerosol
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flow is not supplied to the mouthpiece 770, until the heater
710 reaches a conforming condition. For example, a moni-
tored condition of the heater 710 can be resistance, and the
conforming condition can be when the measured resistance
reaches a steady state condition, e.g., nearly constant at the
resistance target. In the steady state condition, the aerosol
that is generated is thus optimal for human inhalation. The
conforming condition may alternatively be, for example, a
selected temperature range of the flow passage 723. Once a
desired condition of the heater 710 is achieved, acrosol can
be delivered to the mouthpiece 770 via a second flow path.

[0079] The instrument 700 can operate such that the
valves 742 and 743 remain in their non-default positions for
a selected period of time, during which aerosol is delivered
to the mouthpiece. The selected period of time is not limited
and can be, for example, %5 second, 1 second or 2 second.
Once the selected period has expired, under control of the
controller 750, the valves 742 and 743 are moved to their
default positions, and aerosol delivery to the flow passage
760c and mouthpiece 770 is terminated.

[0080] The instrument 700 can also operate such that
vapor generation is terminated unless a user inhales on the
mouthpiece 770 within a predetermined period of time after
the user has been instructed to inhale. For example, the
instrument may include a displayed message or light, which
informs the user that the instrument is ready to deliver a dose
of medicated aerosol. Alternatively, the pressure sensor 745
can indicate that the user is attempting to receive a dose of
aerosol, but if the user stops inhaling for a predetermined
period of time, the instrument will shut off the heater 710
and maintain the values in the default condition. Thus, if
within the predetermined time period the controller 750
stops receiving signals from the pressure sensor 745 that
indicate a user is inhaling on the mouthpiece 770, the
controller 750 terminates generation of the volatilized mate-
rial by the heater 710. For example, the time period can be
5 seconds. If, within the selected time period, the controller
750 receives a signal from the pressure sensor 745 indicating
that it has been triggered by a user inhaling on the mouth-
piece 770, the controller 750 moves the valves 742 and 743
to their non-default positions so that volatilized material or
aerosol flows through the flow passage 760c and to the
mouthpiece. FIG. 8 illustrates an exemplary embodiment of
a timing diagram for the operation of the instrument 700 for
a selected time period of 5 seconds, indicating instrument
run time, inhalation detection (by the pressure sensor 745),
aerosol generation and valve actuation cycles.

[0081] In other embodiments of the instrument 700, the
mouthpiece 770, pressure sensor 745 and flow passage 760d
can be omitted. The valve 743 can optionally be included, if
desired. An optional flow passage (not shown) can be
provided in place of the mouthpiece. In such embodiments,
operation of valve 742 by the controller 750 can direct the
volatilized material or aerosol via the flow passage 760c to
a detector for analysis. The volatilized material or aerosol
can alternatively be used for other purposes, for example,
applying coatings, making powders, chemical interactions
with other substances, etc.

[0082] The controller 750 is operable to control operation
of the heater 710 and delivery of liquid from the liquid
source 733 to the flow channel 723 via operation of the
pump 735. As explained above, the controller 750 receives
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signals from the pressure sensor 745, and operates valves
742 and 743 and pump 744 to control the flow of aerosol
from the heater 710 to the mouthpiece 770. The controller
750 directs the storage of parameters associated with gen-
erating the volatilized liquid in a memory 751. The memory
751 can record such parameters with respect to operation of
the volatilized liquid generator, which may be desired when
conducting experiments, or monitoring quality of the pre-
cursor vapor and the aerosol. The controller 750 also oper-
ates a switching circuit 740 for applying power to the heater
710. Also associated with the controller 750 is a display 752
to assist a user in visually monitoring the generator while in
operation, and also for displaying user settings and the
contents of the memory 751.

[0083] The power supply for applying a voltage in this
embodiment includes the power source 729 and two termi-
nals 727a and 727b. The power source 729 can be a direct
current (DC) battery or a direct current power supply. The
application of voltage to the heater 710 is regulated, by the
controller 750, through manual inputs or operating program,
through a switch 740. In this embodiment, the switch 740 is
a field effect transistor, which allows rapid switching
through cycles less than 10 milliseconds, preferably less
than 1 millisecond.

[0084] The controller 750 receives input relating to the
temperature of the flow passage 723, through a measuring
device 741. The temperature of the liquid in the flow passage
723 is calculated based on the measured or calculated
resistance of the heating element. In a preferred embodi-
ment, the heater 710 is a metal tube. The controller 750
regulates the temperature of the flow passage 723 by moni-
toring the resistance of the heater.

[0085] As described above, resistance control can be
based on the principle that the resistance of the heater 710
increases as its temperature increases. As power is applied,
via switch 740, to the heater 710, its temperature increases
because of resistive heating, and the actual resistance of the
heater 710 also increases. When the power is turned off, the
temperature of the heater 710 decreases and correspondingly
its resistance decreases. Thus, by monitoring a parameter of
the heater (e.g., voltage across the heater using known
current to calculate resistance) and controlling application of
power, the controller 750 can maintain the heater 710 at a
temperature that corresponds to a specified resistance target.
The use of one or more resistive elements could also be used
to monitor temperature of the heated liquid in embodiments
where a resistance heater is not used to heat the liquid in the
flow passage.

[0086] The resistance target is selected to correspond to a
temperature that is sufficient to induce a heat transfer to the
liquid material such that liquid is volatilized and expands
through outlet 725. The controller 750 effects closing of the
switch 740, which activates heating, thereby applying for a
duration of time, energy to the heater 710 and after and/or
during such duration, determines the real time resistance of
the heater using input from the measuring device 741. In a
preferred embodiment, the resistance of the heater is calcu-
lated by measuring the voltage across a shunt resistor (not
shown) in series with the heater 710 (to thereby determine
current flowing to the heater), and measuring the voltage
drop across the heater (to thereby determine resistance based
on the measured voltage and current flowing through the
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shunt resistor). To obtain continuous measurement, a small
amount of current can be continually passed through the
shunt resistor and heater to make the resistance calculation,
and pulses of higher current can be used to effect heating of
the heater to the desired temperature.

[0087] 1If desired, the heater resistance can be derived from
a measurement of current passing through the heater, or
other techniques can be used to obtain the same information.
The controller 750 then makes decisions as to whether or not
to send an additional duration of energy based on the
difference between a desired resistance target for the heater
710 and the actual resistance as determined by the controller
750.

[0088] In a developmental model, the duration of power
supplied to the heater was set at 1 millisecond. If the
monitored resistance of the heater 710 minus an adjustment
value is less than the resistance target, the controller 750 is
programmed to supply another duration of energy by leaving
the switch 740 in the closed (“on”) position. The adjustment
value takes into account factors, such as heat loss of the
heater when not activated, the error of the measuring device,
and cyclic period of the controller and switching device,
among other possibilities. In effect, because the resistance of
the heater 710 varies as a function of its temperature,
resistance control can be used to achieve temperature con-
trol.

[0089] The controller 750 can be programmed to deter-
mine the resistance of the heater 710 by processing data
representative of the voltage drop across a shunt resistor and
voltage drop across the heater. The power being sent to the
heater, the cumulative energy sent, and the real time resis-
tance of the heater are calculated by equations (5) and (6)
described above. The shunt resistor can have a resistance of
0.010 ohms. Thus, energy in joules is given by equation (7)
described above.

[0090] The current through the system can be calculated
from the voltage drop across the shunt resistor and its known
resistance by equation (8) described above.

[0091] The energy per duration value can be corrected for
instrumental variations with a calibration factor, ECF. The
duration energy is added to the previous energy value stored
in the memory 751 so that the instrument keeps track of the
cumulative energy sent to the heater 710. Likewise, for the
resistance value of the heater, equation (10) described above
is used. The resistance value is then corrected by a calibra-
tion factor, RCF.

[0092] Control of resistance by the controller 750 offers
several advantages for controlling the heater. First, when the
heater 710 is initially started, the controller 750 can send
energy continuously to the heater 710 until it reaches its
operating resistance target or a lower value to prevent initial
overheating of the heater after which the heater can be
heated gradually to the desired temperature. This provides
the fastest start up of the heater.

[0093] Second, the controller 750 can automatically adjust
the energy being sent to the heater to match the requirements
for maintaining the resistance target without regard to the
delivery rate of the liquid material, at least to the upper limit
of the power source 729. As long as the resistance target and
corresponding temperature is set within the material limits
of the heater 710, the heater 710 can be protected from
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overheating due to a failure in the fluid supply system. An
example of a heating cycle is depicted in FIG. 6 described
above. This also protects against overheating due to the
power supply voltage being set too high. In addition, this
system was found to respond much faster than an actual
temperature control system based on thermocouple mea-
surements.

[0094] If the measured resistance of the heater 710 minus
the predetermined adjustment value is greater than the target
resistance at the end of a pulse duration, the controller 750
turns the switch 740 off, thereby withholding energy from
the heater 710. After another predetermined duration, the
controller turns the switch 740 on and repeats the process.
For example, the second predetermined duration can be set
at 8 milliseconds (e.g., 2 milliseconds on and 6 milliseconds
off or 4 milliseconds on and 4 milliseconds off, etc.) from the
previous occasion when the switch 740 was turned on.

[0095] If desired, the instrument can be provided with
multiple vapor generators. For example, two or more flow
passages with heaters as described above could be arranged
to deliver vaporized liquid to a conduit through which air or
other medium is passed. Analytical devices could be located
along and/or downstream of the conduit to measure various
characteristics of the vaporized liquid, e.g., devices to mea-
sure aerosol size and/or particle size distribution, determine
effects of chemical interactions of the vaporized liquid, etc.
The vapor generators can be arranged to deliver the vapor-
ized liquid as intersecting or non-intersecting gas streams.
For example, the flow passages can be arranged to direct the
vaporized fluid into the conduit as adjacent parallel gas
streams, radially directed, circumferentially spaced apart gas
streams or radially directed, axially spaced apart gas
streams, etc. The parallel generator arrangement facilitates
forming a combination aerosol or precursor vapor formed by
mixing together two or more separately generated volatil-
ized liquids. The parallel volatilized liquid generator
arrangement is particularly useful where it is desired to form
an aerosol comprising two or more materials, which do not
mix well in liquid form.

[0096] The instrument can be used to study various
aspects of aerosol generation, which vary as functions of
parameters of the aerosol generator and the liquid material
supplied to the aerosol generator. For example, for aerosols
intended for human inhalation, an aerosol can be produced
with a mass median particle diameter of particles of the
aerosol less than 2 microns, preferably between 0.2 and 2
microns, and more preferably between 0.5 and 1 micron.

[0097] Tt has been observed that liquid materials, such as
propylene glycol and glycerol, can be formed into aerosols
having mass median particle diameters and temperatures in
desirable ranges. While not wishing to be bound by theory,
it is believed that the extremely small mass median particle
diameters of the aerosol are achieved, at least in part, as a
result of the rapid cooling and condensation of the volatil-
ized material that exits the heated flow passage. Manipula-
tion of parameters of the volatilized liquid generator, such as
the internal diameter of the flow passage, heat transfer
characteristics of the material defining the flow passage,
heating capacity of the heater, and/or the rate at which
material in liquid form is supplied to the flow passage, can
be performed to affect acrosol temperature and mass median
particle diameter. The instrument can be used to investigate
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aerosol formation using propylene glycol and glycerol as
liquid carriers for drugs such as budesonide. The instrument
can also be used to investigate aerosol formation and/or
vaporized fluid properties of liquid materials, such as jet
fuel, pesticides, herbicides, paint and other types of mate-
rials.

[0098] 1t will be appreciated that the instrument may be
fairly large, such as a table-top mounted item, but the
principles of the instrument may be implemented in other
forms, such as a miniaturized device. The ability of the
generator to be miniaturized is, in large part, due to the
highly efficient heat transfer between the heater and the flow
passage, which facilitates battery operation of the volatilized
liquid generator with low power requirements.

[0099] The instrument can be implemented as a laboratory
unit designed to include programmable operation of an
aerosol generator, wherein liquid is vaporized by a heater
arrangement. The instrument can be modular in construction
so that the various components can be exchanged. Aerosol
mass median particle diameter can be measured using a
cascade impactor in accordance with the methods specified
in the Recommendations of the U.S.P. Advisory Panel on
Aerosols on the General Chapters on Aerosols (601) and
Uniformity of Dosage Units (905), Pharmacopeial Forum.,
Vol. 20, No. 3, pp. 7477 et. seq. (May-June 1994), and mass
can be measured gravimetrically as collected from the
impactor.

[0100] The basic resistance control program used by the
instrument can be adapted for various applications. For
example, the liquid can be supplied by a syringe pump and
the apparatus can be programmed to generate an aerosol for
very long run times. For example, in toxicological studies it
may be desired to generate an aerosol for several hours. In
such case, it may be desirable to run four heaters simulta-
neously for an extended period of time, such as 4 hours. In
contrast, if the instrument is used to mimic the operation of
hand-held inhaler, the run times would be more on the order
of 10 to 15 seconds. During extended runs, the operator of
the instrument can be kept informed of the operation of the
instrument by outputting data to be monitored periodically,
such as every 10 seconds.

[0101] The optimal resistance target for a heater can be
determined experimentally using a standard operating pro-
cedure. As the resistance target entered in the instrument
control program is lowered from its optimal value, the
aerosol quality soon decreases. In particular, more liquid
will be ejected from the heater as large droplets and excess
fluid will drip from the end of the heater. As the resistance
target is increased over its optimal value, aerosol quality will
also degrade eventually. For instance, the generator will use
more energy needed to produce the aerosol and, at higher
resistance target values, significant thermal degradation of
the aerosol fluid may occur. In an extreme limit, the heater
may begin to glow red and could become damaged.

[0102] The voltage chosen to drive the heater determines
the amount of energy that will be sent to the heater in each
pulse. For 1 millisecond pulses, the energy per pulse in
joules is given by the equation: energy=V*t/R, where V is
the voltage across the heater, R is the heater resistance, and
t is 1 millisecond. The voltage across the heater is directly
related to the voltage of the power supply, but is slightly
lower because of losses in the wiring. In general, the lowest
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voltage that can be used with a preferred embodiment of the
instrument is 4 volts. This lower limit is set by the minimum
voltage required to operate the FET.

[0103] The instrument is preferably wired such that the
power supply providing the power to the heater also pro-
vides the switching voltage for the FET. The resistance of
the heater at steady state can be assumed to be nearly
constant at the resistance target. Thus, changing the voltage
can make a large difference in the energy sent in each pulse.
The effects of voltage appear mainly in the steady state
operation of the heater. If the voltage is too low, the heater
may have trouble reaching the resistance target and the
aerosol quality can be degraded. If the setting for the voltage
is too high in the case where the algorithm uses an 8
millisecond cycle to control the heater, if too much energy
is sent in a single pulse the heater may exceed the resistance
target by more than 0.002 ohms. In such case, it may take
several cycles for the heater to come back on, but by this
time the heater may have cooled substantially because of the
fluid flow passing through it. Accordingly, the voltage
setting can be optimized for a particular flow rate and
particular liquid material.

[0104] The power required by the heater to produce an
aerosol is directly proportional to the fluid flow rate passing
therethrough. If the flow rate is very low, e.g., less than 0.1
ml/min, the heater may act as if the voltage is too high. On
the other hand, if the flow rate is too high, the heater may act
as if the voltage is too low. Raising the voltage may be
required to compensate for high flow rates. The length of the
timing (duty) cycle is preferably set such that the heater will
turn back on before it cools significantly. Experiments with
a 32 gauge stainless steel tube as the heater at a flow rate of
0.1 ml/min indicate that timing cycles between 4 and 10
milliseconds have little effect on the aerosol. However, the
timing cycle can be changed to compensate for behavior of
the heater and/or properties of the aerosol. The goal of
resistance control is to keep the operating resistance of the
heater very close to the resistance target. As an example, the
voltage can be set such that the resistance increase for a
single pulse of energy is relatively small. For example, the
controller can be programmed to monitor the resistance of
the heater and ensure that the resistance target is not
exceeded by more than 0.002 ohms when the algorithm turns
the heater off. Thus, a 0.002 ohm decrement can be used to
trigger supply of power to the heater. In principle, the
instrument can be designed to effect operation of the heater
with an desired change in the resistance target other than the
0.002 ohm decrement described above.

[0105] While the invention has been described with ref-
erence to the foregoing embodiments, it will be apparent that
various changes can be made to the instrument and/or
method of use thereof. While the instrument has been
described as useful for characterizing aerosols for inhalation
or other uses such as toxicology studies, the instrument
could be used for additional purposes such as applying
coatings such as optical coatings to a substrate, making
powders such as nanosize powders, delivering vaporized
fuel to devices such as a microcombustor, delivering mul-
tiple feeds of volatilized fluids for chemical interaction
thereof or other purpose, and the like.
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What is claimed is:
1. An instrument for programmable generation of vola-
tilized material, comprising:

at least one flow passage having a first open end;

a liquid supply operable to supply liquid material to the
flow passage;

at least one heater arrangement adapted to heat the flow
passage to a temperature sufficient to volatilize material
in liquid form in the flow passage such that the vola-
tilized material expands out of the open end of the flow
passage;

a controller operable to control operation of the heater and
control operation of the liquid supply;

a monitoring arrangement operable to supply heater per-
formance data to the controller, the data being used by
the controller to supply power to the heater arrange-
ment or to cut off power to the heater arrangement to
maintain the heater arrangement at a desired tempera-
ture range; and

a memory operable to store parameters associated with

the instrument.

2. The instrument according to claim 1, wherein the
monitoring arrangement includes a switching device which
controls supply of power to the heater arrangement.

3. The instrument according to claim 2, wherein the heater
arrangement includes at least one resistance heater option-
ally comprising a section of a metal tube defining the flow
passage.

4. The instrument according to claim 3, wherein the flow
passage comprises a capillary sized passage such as the
interior of a capillary tube.

5. The instrument according to claim 3, wherein the
monitoring arrangement outputs data representative of a
temperature dependent resistance of the resistance heater
and the controller calculates monitored resistance of the
resistance heater based on the data received from the moni-
toring arrangement, the controller operates the switching
device to supply pulses of power to the resistance heater at
least when the monitored resistance falls below a target
resistance.

6. The instrument according to claim 1, wherein the at
least one heater arrangement comprises a plurality of resis-
tance heaters.

7. The instrument according to claim 1, wherein the liquid
supply includes a valve arrangement operable to supply the
liquid for a predetermined period of time, the predetermined
period of time being determined by input of an instruction
command to the controller.

8. The instrument according to claim 7, wherein the
controller operates the valve arrangement prior to operating
the heater arrangement to heat the liquid material supplied
by the liquid supply.

9. The instrument according to claim 1, further compris-
ing a display displaying settings of the instrument.

10. The instrument according to claim 1, further compris-
ing a measuring device which monitors the amount of liquid
material supplied to the flow passage.

11. The instrument according to claim 1, wherein the
heater arrangement forms an aerosol having a mass median
particle diameter of less than 2 microns.

11
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12. The instrument according to claim 11, wherein the
aerosol has a mass median particle diameter of between 0.2
and 2 microns.

13. The instrument according to claim 11, wherein solid
particles are suspended in solution in the liquid material, the
solid particles being forced out of the open end of the flow
passage as the volatilized material expands such that the
aerosol includes condensed particles of the liquid material
and the solid particles.

14. The instrument according to claim 1, wherein the flow
passage is defined by an internal diameter of a stainless steel
tube, the heater arrangement comprises a pair of electrical
leads attached to axially spaced apart locations on the tube,
a DC power supply is electrically connected to the pair of
leads, and a switching arrangement is operable to interrupt
flow of DC current from the power supply to the tube, the
controller being operably connected to the switching
arrangement to effect supply of pulsed power to the tube
when liquid material is supplied to the tube.

15. The instrument according to claim 1, wherein the flow
passage is defined by a passage in a ceramic laminate, the
heater arrangement comprises a resistance heater located
along the flow passage, a DC power supply is electrically
connected via a pair of leads to the heater, and a switching
arrangement is operable to interrupt flow of DC current from
the power supply to the heater, the controller being operably
connected to the switching to effect supply of power to the
heater when liquid material is supplied to the heater.

16. The instrument according to claim 1, wherein the at
least one flow passage comprises a plurality of flow passages
and the at least one heater arrangement comprises a plurality
of heater arrangements, each of the flow passages being
associated with one of the heater arrangements and the
heater arrangements being selectively operable by the con-
troller, each of the flow passages being supplied the same or
different liquid material and outlets of the flow passages
being directed into a manifold arrangement.

17. A method of operating the instrument according to
claim 1, comprising the steps of:

selecting a target parameter corresponding to a tempera-
ture sufficient to volatilize a liquid material within the
flow passage;

supplying the liquid material to the flow passage;
energizing the heater arrangement;

periodically determining a monitored parameter of a
resistance heating element of the heater arrangement;

comparing the monitored parameter to the target param-
eter; and

supplying power to the resistance heating element when
the monitored parameter is less than the target param-
eter.

18. The method according to claim 17, wherein the step
of periodically determining the monitored resistance com-
prises measuring voltage drop across a shunt resistor, and
measuring voltage drop across the resistance heating ele-
ment.

19. The method according to claim 17, wherein the
resistance heating element is supplied power in pulses
having a duty cycle of 1 to 100 milliseconds.
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20. The method according to claim 17, wherein the target
parameter is target resistance and the monitored parameter is
monitored resistance.

21. The method according to claim 17, wherein the
controller is operable to control a duration of supply of the
liquid material to the flow passage.

22. The method according to claim 17, wherein the flow
passage is defined by an internal diameter of a stainless steel
tube, the heater arrangement comprises a pair of electrical
leads attached to axially spaced apart locations on the tube,
a DC power supply is electrically connected to the pair of
leads, and a switching arrangement is operable to interrupt
flow of DC current from the power supply to the tube, the
controller operates the switching arrangement to supply
power to the tube when liquid material is supplied to the
tube.

23. The method according to claim 17, wherein the flow
passage is defined by a passage in a ceramic laminate, the
heater arrangement comprises a resistance heater located
along the flow passage, a DC power supply is electrically
connected via a pair of leads to the heater, and a switching
arrangement is operable to interrupt flow of DC current from
the power supply to the heater, the controller operates the
switching arrangement to supply power to the heater when
liquid material is supplied to the heater.

24. The method according to claim 17, wherein the at least
one flow passage comprises a plurality of flow passages and
the at least one heater arrangement comprises a plurality of
heater arrangements, each of the flow passages being asso-
ciated with one of the heater arrangements and the heater
arrangements being selectively operable by the controller,
each of the flow passages being supplied the same or
different liquid material and outlets of the flow passages
being directed into a manifold arrangement.

25. An instrument for generation of volatilized material,
comprising:

at least one flow passage having an outlet;

a liquid supply operable to supply liquid material to the
flow passage;

at least one heater adapted to heat the flow passage to a
temperature sufficient to volatilize material in liquid
form in the flow passage such that the volatilized
material expands out of the outlet of the flow passage,
the volatilized material optionally being admixed with
air to form an aerosol;

a first flow path in fluid communication with the outlet of
the flow passage;

a second flow path in fluid communication with the outlet
of the flow passage, the second flow path being differ-
ent from the first flow path;

a first valve in fluid communication with the outlet of the
flow passage; and

a controller operable to control operation of the first valve
such that the volatilized material or aerosol (i) flows
through the first flow path when the heater is in a
non-conforming condition and (ii) flows through the
second flow path when the heater is in a confirming
condition.
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26. The instrument according to claim 25, further com-
prising a pump in fluid communication with the first flow
path, the volatilized material or aerosol being directed to the
pump by the first valve when the heater is in a non-
conforming condition.

27. The instrument according to claim 26, wherein the
pump comprises a filter which filters the volatilized material
or aerosol and the pump exhausts filtered air to the envi-
ronment.

28. The instrument according to claim 25, further com-
prising:

a mouthpiece having an outlet, the mouthpiece being in
fluid communication with the second flow path; and

a pressure sensor in fluid communication with the mouth-
piece;

wherein the pressure sensor outputs at least one signal to
the controller when a user inhales on the outlet of the
mouthpiece.

29. The instrument according to claim 28, wherein the
controller is operable to control operation of the first valve
such that the volatilized material or aerosol flows through
the second flow path and into the mouthpiece when the
pressure sensor detects a threshold pressure drop in the
mouthpiece.

30. The instrument according to claim 29, wherein the
controller is operable to control operation of the first valve
such that the volatilized material or aerosol flows through
the second flow path and into the mouthpiece for a selected
period of time.

31. The instrument according to claim 29, wherein the
controller is programmed to terminate formation of volatil-
ized material by the heater when the controller does not
receive a signal from the pressure sensor indicating that the
threshold pressure drop has been detected after a predeter-
mined time interval.

32. The instrument according to claim 29, wherein the
controller is operable to continue formation of volatilized
material by the heater if, within a predetermined time
interval, the controller receives a signal from the pressure
sensor indicating that the threshold pressure drop has been
detected.

33. The instrument according to claim 28, further com-
prising a second valve in fluid communication with the
mouthpiece, the controller being operable to control opera-
tion of the second valve to direct flow of air into the
mouthpiece.

34. The instrument according to claim 25, wherein:

the controller is programmed to control operation of the
heater and the liquid supply; and

the instrument further comprises:

a monitoring arrangement operable to supply heater
performance data to the controller, the data being
used by the controller to supply power to the heater
or to cut off power to the heater to maintain the
heater at a desired temperature range; and

a memory operable to store parameters associated with
the instrument.
35. The instrument according to claim 25, wherein the
heater is at least one resistance heater.
36. The instrument according to claim 35, wherein the
conforming condition of the heater is a steady state resis-
tance value.
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37. The instrument according to claim 25, wherein the
conforming condition of the heater is a selected temperature
range of the flow passage.

38. The instrument according to claim 25, wherein the
instrument includes an air supply arranged such that the
volatilized material is admixed with air to form the aerosol.

39. A method of operating the instrument according to
claim 25, comprising:

supplying liquid material to the flow passage;

heating the liquid material in the flow passage with the
heater such that the volatilized material expands out of
the outlet of the flow passage;

optionally admixing the volatilized material with air to
form an aerosol;

monitoring the heater; and

controlling operation of the first valve such that the
volatilized material or aerosol (i) flows through the first
flow path when the heater is in a non-conforming
condition and (ii) flows through the second flow path
when the heater is in the conforming condition.

40. The method according to claim 39, wherein the
conforming condition of the heater is a steady state resis-
tance value.

41. The method according to claim 39, wherein the
conforming condition of the heater is a selected temperature
range of the flow passage.

42. The method according to claim 39, further comprising
filtering the volatilized material or aerosol that flows through
the first flow path and exhausting air to the environment.
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43. The method according to claim 39, wherein the
instrument further comprises:

a mouthpiece in fluid communication with the second
flow path; and

a pressure sensor in fluid communication with the mouth-

piece;

the method further comprises detecting a pressure drop in

the mouthpiece with the pressure sensor when a user
inhales on the mouthpiece.

44. The method according to claim 43, further comprising
controlling operation of the first valve using the controller
such that the volatilized material flows through the second
flow path and into the mouthpiece when the pressure sensor
detects a threshold pressure drop in the mouthpiece.

45. The method according to claim 43, further comprising
controlling operation of the first valve using the controller
such that the volatilized material or aerosol flows through
the second flow path and into the mouthpiece for a selected
period of time.

46. The method according to claim 44, further comprising
terminating formation of volatilized material by the heater if,
after a predetermined time interval, the controller does not
receive a signal from the pressure sensor indicating that the
threshold pressure drop has been detected.

47. The method according to claim 44, further comprising
continuing formation of volatilized material by the heater if,
within a predetermined time interval, the controller receives
a signal from the pressure sensor indicating that the thresh-
old pressure drop has been detected.

48. The instrument according to claim 39, further com-
prising admixing the volatilized material with air to form the
aerosol.
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a2y Patent Application Publication o) Pub. No.: US 2008/0257367 A1l

Paterno et al. (43) Pub. Date: Oct. 23, 2008
(54) ELECTRONIC EVAPORABLE SUBSTANCE Publication Classification
DELIVERY DEVICE AND METHOD
(51) Imt.ClL
76 1 Gres P S dale, AZ (US) A24F 1/22 (2006.01)
nventors: reg Paterno, Scottsdale, ; .
Hal R. Gurman, Scottsdale, AZ (52) US.CL i 131/328; 131/194
(US); David Burrows, Scottsdale, (57) ABSTRACT
AZ (US); Kryzystof Babinski,
Phoenix, AZ (US) An improved electronic evaporable substance delivery device

delivers nicotine-containing vapor to a user from a smoking
device. The smoking device comprises a case having therein
a power source, microprocessor, heating element and nico-
tine-containing cartridge. Microprocessor-controlled heating
of the heating element causes air passing thereover to be
heated. Passage of the heated air in proximity of the cartridge
causes boiling of cartridge contents, and the release of a

Correspondence Address:

WEISS & MOY PC

4204 NORTH BROWN AVENUE
SCOTTSDALE, AZ 85251 (US)

(21) Appl. No.: 11/739,038 nicotine-containing vapor. A user may ingest the nicotine-
containing vapor via a mouthpiece located at a first end of the
(22) Filed: Apr. 23, 2007 case.
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ELECTRONIC EVAPORABLE SUBSTANCE
DELIVERY DEVICE AND METHOD

FIELD OF THE INVENTION

[0001] Thepresent invention relates to electronic substance
delivery devices and, more particularly, to an electronic ciga-
rette-like evaporable substance delivery device.

BACKGROUND OF THE INVENTION

[0002] The smoking of cigarettes and, to a lesser extent,
cigars and pipes, remains very popular throughout the world.
Increasingly, however, there is an awareness of the health-
risks associated with tobacco smoke. In the West in particular,
there has been in recent years a flurry of legislation aimed at
reducing smoking in public places so as to reduce exposure of
non-smokers to second-hand smoke. This has made it sub-
stantially more difficult for smokers to engage in smoking
activity.

[0003] While the health-risks associated with tobacco
smoke are well known, recent research points to the many
health benefits associated with nicotine itself. Nicotine has
been shown to improve attention, memory and overall mood.
Most studies nevertheless conclude that the health benefits of
nicotine are far outweighed by the carcinogenic effects of
tobacco smoke. Nicotine gum and nicotine patches have been
developed as non-carcinogenic delivery systems for nicotine.
However, while these methods of nicotine intake can be effec-
tive in delivering nicotine into the body, studies have shown
that many smokers have a psychological addiction to the use
of cigarettes themselves. Many smokers have grown accus-
tomed to the oral fixation and manual manipulation that is
associated with cigarette smoking. A need therefore exists for
a device capable of delivering nicotine while mimicking the
smoking experience, but without the carcinogenic effects
associated with tobacco smoke.

[0004] Various versions of an electronic cigarette have been
disclosed. See PCT applications entitled “A Flameless Elec-
tronic Atomizing Cigarette” (WO 2004/095955); “A Flame-
less Electronic Atomizing Cigarette” (W0/2004/080216);
and “An Aerosol Electronic Cigarette” (W0O/2005/099494).
These devices rely on an atomizer high frequency vibrator
and aerosol, respectively, to convert a nicotine solution into
gas form for inhalation. These devices do not provide for a
means for monitoring the amount and controlling the delivery
of nicotine. In addition, these devices do not contemplate the
delivery of other therapeutic substances other than nicotine.
Finally, these devices do not disclose or suggest alternative
mechanisms (besides high frequency vibration and aerosol
technology) for the dispersion of nicotine or other therapeutic
substances in gas form. Therefore, a need remains for an
improved electronic substance delivery device.

SUMMARY OF THE INVENTION

[0005] In accordance with an embodiment of the present
invention, an electronic evaporable substance delivery device
is provided. The device comprises, in combination: a case; a
power source located in an interior of the case; a printed
circuit board located in the interior of the case; a micropro-
cessor located on the printed circuit board and in communi-
cation with the power source; a heating element in commu-
nication with the microprocessor; a cartridge containing an
evaporable substance proximate the heating element; an air
path opening located in the case; a mouthpiece located at a
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first end of the case wherein the mouthpiece has a channel
therein and is in communication with the air path opening so
that air entering the case through the air path opening may be
sucked though the mouthpiece; and a switch configured to
activate the microprocessor upon a sucking of air through the
interior of the case by a user.

[0006] In accordance with a further embodiment of the
present invention, an electronic nicotine delivery device is
provided. The device comprises, in combination: a case; a
power source located in an interior of the case; a printed
circuit board located in the interior of the case; a micropro-
cessor located on the printed circuit board and in communi-
cation with the power source; a heating element in commu-
nication with the microprocessor; a nicotine-containing
cartridge proximate the heating element; an air path opening
located in the case; a mouthpiece located at a first end of the
case wherein the mouthpiece has a channel therein and is in
communication with the air path opening so that air entering
the case through the air path opening may be sucked though
the mouthpiece; a display device in communication with the
microprocessor, the display device configured to display data
of at least one of a substance intake and battery power levels;
a switch configured to activate the microprocessor upon a
sucking of air through the interior of the case by a user; and a
light located at a second end of the case, the light configured
to indicate at least one of a nicotine intake level and battery
power levels.

[0007] Inaccordance with an additional embodiment of the
present invention, a method for delivering an evaporable sub-
stance is disclosed. The method comprises: providing an elec-
tronic evaporable substance delivery device comprising, in
combination: a case; a power source located in an interior of
the case; a printed circuit board located in the interior of the
case; a microprocessor located on the printed circuit board
and in communication with the power source; a heating ele-
ment in communication with the microprocessor; a cartridge
containing an evaporable substance proximate the heating
element; an air path opening located in the case; a mouthpiece
located at a first end of the case wherein the mouthpiece has
a channel therein and is in communication with the air path
opening so that air entering the case through the air path
opening may be sucked though the mouthpiece; and a switch
configured to activate the microprocessor upon a sucking of
air through the interior of the case by a user; providing power
from the power source to the microprocessor; the micropro-
cessor causing the heating element to heat; air entering the
case being heated by the heating element; the heated air
coming into proximity with the evaporable substance in the
cartridge; at least a portion of the evaporable substance boil-
ing and producing a vapor; and the vapor exiting the case via
the mouthpiece.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0008] FIG. 1 is a perspective, exploded view of an elec-
tronic evaporable substance delivery device consistent with
an embodiment of the present invention.

[0009] FIG. 2 is a side, cross-sectional view of the elec-
tronic evaporable substance delivery device of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0010] Referring first to FIG. 1, an electronic evaporable
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the present invention is shown. Initially, it should be noted
that the device is adapted to permit a user to inhale a vapor
containing preferably nicotine and perhaps other additives,
and to exhale that vapor. The device is electronically pow-
ered, generally re-useable, does not require “lighting” in the
conventional manner that a cigarette is commonly lit, and
does not produce second-hand smoke of the type associated
with cigarettes. It should be clearly understood that while in
the preferred embodiment, the evaporable substance is com-
prised primarily of nicotine, substantial benefit could be
derived from alternative embodiments of the present inven-
tion in which other substances having a therapeutic effect
(such as medications, herbs, or vitamin compounds) are
evaporated for a user to inhale.

[0011] The user may insert the mouthpiece 3 into his or her
mouth. The mouthpiece 3 may comprise a hard plastic, rub-
ber, or other desired material. It should be noted that some
users enjoy chewing on the end of a cigar or cigarette, and it
may be desired to provide a mouthpiece 3 comprising a
deformable material, to facilitate such activity.

[0012] As shown in FIG. 2, the mouthpiece 3 contains a
channel therethrough which opens into an interior of the
device. Air path hole 9 permits the entry of outside air into the
device interior. The user may inhale, causing a sucking action
that is communicated via that channel and drawing in ambient
air via air path hole 9. That sucking action may cause reed
switch 13 to move, sending a signal to a microprocessor
located on printed circuit board 8 that “smoking” has been
initiated. The microprocessor may then send a signal, activat-
ing heating member 12. The heating member 12 may be a
heating coil, light emitting diode, an infra-red device, a laser,
vibration chamber, pressure chamber, butane or other flame,
or other device capable of bringing nicotine (or another sub-
stance) to its boiling point.

[0013] Where the heating member 12 is a heating coil, it is
noted that the passage of current therethrough causes warm-
ing, at a level dependent upon the amount of current. which
can be controlled. Air entering via air path hole 9 passes
through the heating coil and is heated, causing hot air to hit the
cartridge 10, boiling and vaporizing its contents.

[0014] Where the heating element 12 is a laser, a beam is
focused at a heat collector. Where the heating element 12 is
infrared, an infra-red LED heats a heat collector. In both
examples, air entering via air path hole 9 passes directly
through the heat collector, causing hot air to hit the cartridge
10, boiling and vaporizing its contents.

[0015] The heating member 12 is located proximate car-
tridge 10, which may contain therein nicotine mixed with a
low boiling point substance (e.g., propylene glycol) and,
optionally, flavors and/or other additives. For example, fla-
vored nicotine, or other flavored evaporable substances could
be provided in cartridges 10, allowing users different the
experience of inhaling and tasting different flavors. Activa-
tion of the heating member 12 causes the contents of the
cartridge 10 to reach their boiling point, producing a vapor.
The vapor is inhaled by the user via the channel located in
mouthpiece 3. Cartridge 10 may be replaced when emptied by
removal from the device of the mouthpiece 3. Heat shield 15
may be interposed between the heating member 12 and the
printed circuit board 8, to protect components thereon.
[0016] Themicroprocessor may maintain the heating mem-
ber 12 at a constant temperature, where desired, using a smart
monitoring circuit located on the printed circuit board 8, so as
to limit power consumption and/or optimize performance.
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The microprocessor may utilize an algorithm software pro-
gram that calculates nicotine consumption by the user and
may store the amount of consumption in onboard flash
memory integrated into the microprocessor. The printed cir-
cuit board 8 may further comprise at least one display device
7, in communication with the microprocessor, to relay data to
the user regarding, for example, nicotine intake and/or battery
power levels. The display device 7 may be one or more light
emitting diode (in one embodiment, nicotine intake quantity
may be communicated by a blinking of the display device,
with each blink corresponding to the nicotine associated with
a single cigarette), a liquid crystal display, or other display. In
one embodiment, the display device 7 may be a radio fre-
quency transmitter, adapted to relay data (including data
saved in memory) to the user via a remote radio frequency
receiver (not shown). In this manner, a user may monitor
and/or track nicotine consumption.

[0017] The device, including the heating member 12 and
microprocessor 8, is powered by power source 5. Power
source 5 may be a replaceable or rechargeable battery,
inserted against battery spring 6. Where rechargeable, the
battery may be removed for recharging or, optionally, be
recharged while remaining in the device by placement of the
device in contact or proximity to a docking device (not
shown). The microprocessor can also be used to monitor the
battery when charging. The docking station itself may be
battery-operated, so that it can recharge the device a number
of times when away from an AC outlet. This docking station
may be the size of a pack of cigarettes and have a collapsible
plug so that it plugs directly into the wall. It may also be
provided with a storage compartment, for use in carrying
replacement cartridges 10.

[0018] At least the power source 5, printed circuit board 8,
heating element 12 and cartridge 10 may be retained within a
case 2. In the preferred embodiment, the case 2 and the
mouthpiece 3 together approximate a tobacco cigarette in size
and form factor, although it should be clearly understood that
substantial benefit could be deprived from an alternative
embodiment of the present invention in which the case 2 with
or without a mouthpiece 3 together approximate a tobacco
cigar in size and form factor.

[0019] Inone embodiment, a lighted tip 4 may be provided
atan end of the case 2. The lighted tip 4 may be in contact with
the power source 5 and may also be activated by movement of
the reed switch 13, so as to light when “smoking action” is
occurring. The lighted tip 4 may simulate the lighting of an
end of a cigarette or cigar.

[0020] A pocket clip 14 may be provided on an exterior of
the case 2. The pocket clip 14 facilitates clipping of the case
2 to the interior of a shirt pocket or the like.

[0021] Whilethe invention has been particularly shown and
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that the forego-
ing and other changes in form and details may be made
therein without departing from the spirit and scope of the
invention.

We claim:

1. An electronic evaporable substance delivery device
comprising, in combination:

a case;

a power source located in an interior of said case;

a printed circuit board located in said interior of said case;

a microprocessor located on said printed circuit board and

in communication with said power source;
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a heating element in communication with said micropro-
Ccessor;

a cartridge containing an evaporable substance proximate
said heating element;

an air path opening located in said case;

amouthpiece located at a first end of said case wherein said
mouthpiece has a channel therein and is in communica-
tion with said air path opening so that air entering said
case through said air path opening may be sucked though
said mouthpiece; and

a switch configured to activate said microprocessor upon a
sucking of air through said interior of'said case by a user.

2. The device of claim 1 wherein said evaporable substance
is nicotine.

3. The device of claim 1 wherein said power source is a
replaceable battery.

4. The device of claim 1 wherein said power source is a
rechargeable battery.

5. The device of claim 1 further comprising a heat shield
interposed between said heating element and said printed
circuit board.

6. The device of claim 1 further comprising a display
device in communication with said microprocessor, said dis-
play device configured to display data of at least one of a
substance intake and battery power levels.

7. The device of claim 1 further comprising a light located
at a second end of said case, said light configured to indicate
at least one of a substance intake level and battery power
levels.

8. The device of claim 1 further comprising a pocket clip
coupled to an exterior of said case.

9. The device of claim 1 wherein said case and said mouth-
piece substantially resemble a tobacco cigarette.

10. An electronic nicotine delivery device comprising, in
combination:

a case;

a power source located in an interior of said case;

aprinted circuit board located in said interior of said case;

a microprocessor located on said printed circuit board and
in communication with said power source;

a heating element in communication with said micropro-
Ccessor;

anicotine-containing cartridge proximate said heating ele-
ment;

an air path opening located in said case;

amouthpiece located at a first end of said case wherein said
mouthpiece has a channel therein and is in communica-
tion with said air path opening so that air entering said
case through said air path opening may be sucked though
said mouthpiece;

a display device in communication with said microproces-
sor, said display device configured to display data of at
least one of a substance intake and battery power levels;

a switch configured to activate said microprocessor upon a
sucking of air through said interior of said case by a user;
and

a light located at a second end of said case, said light
configured to indicate at least one of a nicotine intake
level and battery power levels.
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11. The device of claim 10 wherein said power source is a
replaceable battery.

12. The device of claim 10 wherein said power source is a
rechargeable battery.

13. The device of claim 10 further comprising a heat shield
interposed between said heating element and said printed
circuit board.

14. A method for delivering an evaporable substance com-
prising:

providing an electronic evaporable substance delivery

device comprising, in combination:

a case;

a power source located in an interior of said case;

a printed circuit board located in said interior of said
case;

a microprocessor located on said printed circuit board
and in communication with said power source;

a heating element in communication with said micro-
processor;

a cartridge containing an evaporable substance proxi-
mate said heating element;

an air path opening located in said case;

a mouthpiece located at a first end of said case wherein
said mouthpiece has a channel therein and is in com-
munication with said air path opening so that air enter-
ing said case through said air path opening may be
sucked though said mouthpiece; and

aswitch configured to activate said microprocessor upon
a sucking of air through said interior of said case by a
user;

providing power from said power source to said micropro-

cessor;

said microprocessor causing said heating element to heat;

air entering said case being heated by said heating element;

said heated air coming into proximity with said evaporable
substance in said cartridge;

at least a portion of said evaporable substance boiling and

producing a vapor; and

said vapor exiting said case via said mouthpiece.

15. The method of claim 14 wherein said evaporable sub-
stance is nicotine.

16. The method of claim 15 further comprising the step of
said microprocessor calculating an amount of nicotine exiting
said case via said mouthpiece.

17. The method of claim 15 further comprising displaying
said amount of nicotine exiting said case via said mouthpiece
1o a user.

18. The method of claim 15 wherein said step of displaying
occurs on a display device located on said case.

19. The method of claim 15 wherein said amount of nico-
tine exiting said case via said mouthpiece to a user is com-
municated from said case to another device.

20. The method of claim 14 wherein said heating element
comprises at least one of a heating coil, a light emitting diode,
an infra-red device, a laser, a vibration chamber, a flame, and
a pressure chamber.
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a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2009/0095311 A1

Han (43) Pub. Date: Apr. 16, 2009
(54) AEROSOL ELECTRONIC CIGARETTE May 16,2006  (CN) cceeeererreerccrenee 200620090805.0
(76) Inventor: Li Han, Hong Kong (CN) Publication Classification
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(21) Appl. No.: 12/226,818 &7 ABSTRACT
(22) PCT Filed: May 15, 2007 An aerosol electronic cigarette includes a battery assembly,
) ’ anatomizer assembly and a cigarette bottle assembly and also
(86) PCT No.: PCT/CN2007/001575 includes a shell (a) which is hollow and integrally formed.
Said battery assembly connects with said atomizer assembly
§371 (©)(1), and both are located in said shell (a). Said cigarette bottle
(2), (4) Date: Oct. 29, 2008 assembly is located in one end of the shell (a), which is
detachable. Said cigarette bottle assembly fits with said atom-
(30) Foreign Application Priority Data izer assembly. Said shell (a) has through-air-inlets (al).
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AEROSOL ELECTRONIC CIGARETTE

TECHNICAL FIELD

[0001] The present invention relates to an electronic ciga-
rette, in particular, an aerosol electronic cigarette that doesn’t
contain tar but nicotine.

BACKGROUND ART

[0002] Today when “smoking is harmful to your health”
has become a common sense, there are one billion people
smoking cigarettes, and this figure is still rising. On Mar. 1,
2003, the World Health Organization (WHO) issued the first
international smoking ban—Framework Convention on
Tobacco Control. According to WHO’s data, smoking causes
4,900,000 deaths each year. Smoking causes serious respira-
tory system diseases and cancers, though it is a hard job to
persuade the smokers to completely quit smoking.

[0003] Nicotine is the effective ingredient of cigarette,
which produces a lot of tar mist as the cigarette bums. The tar
mist accesses the pulmonary alveolus and is quickly absorbed
into the blood. Nicotine thus acts on the receptor of the central
nervous system, bringing the euphoria like stimulant drugs to
the smokers, who feel light in the head and on wings as well.
[0004] Nicotine is a micromolecular alkaloid, which is
basically harmless to human bodies with a small dosage. Plus,
its halflife period is extremely short in blood. Tar is the major
harmful substance in tobacco. Tobacco tar comprises of sev-
eral thousands of ingredients, dozens of which are carcino-
genic substances. It has now been proved that second hand
smoking is even more harmful to those who don’t smoke.
[0005] To seek the cigarette substitutes that don’t contain
harmful tar but nicotine, many inventors have used the rela-
tively pure nicotine to create such products as “Cigarette
Patch”, “Nicotine Gargle”, “Aerosol Packed in the High Pres-
sure Tank with Propellant”, “Nicotine Chewing Gum”, and
“Nicotine Beverage”. These products are not as harmful as
tar, but are absorbed very slowly. As a result, its peak concen-
tration can’t be effectively established in blood, and the
smokers can’t be satisfied to the full. In addition, the smokers
are deprived of the “smoking™ habit. Therefore, the substitut-
ing products are not real cigarette substitutes or products
helping to quit smoking.

[0006] The electronic cigarettes currently available on the
market may resolve the above-mentioned issue, though they
are complicated in structure. Their cigarette bodies can be
roughly divided into three sections, which have to be con-
nected through via plugging or thread coupling before use.
Also, their batteries have to be changed frequently, making it
inconvenient for the users. What’s worse, the electronic ciga-
rettes don’t provide the ideal aerosol effects, and their atom-
izing efficiency is not high.

CONTENTS OF INVENTION

[0007] To overcome the above-mentioned disadvantages,
this invention has been designed to provide an aerosol elec-
tronic cigarette that substitutes for cigarettes and helps the
smokers to quit smoking.

[0008] The purpose of this invention is fulfilled with the
following technical solution: an aerosol electronic cigarette
includes a battery assembly, an atomizer assembly and a
cigarette bottle assembly, and also includes a shell, which is
hollow and integrally formed. The said battery assembly con-
nects with the said atomizer assembly and both are located in
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the said shell. The said cigarette bottle assembly is located in
one end of the shell, which is detachable. The said cigarette
bottle assembly fits with the said atomizer assembly. The said
shell has through-air-inlets.

[0009] The additional features of this invention are as fol-
lows: the said battery assembly includes the battery, and the
operating indicator, electronic circuit board, and airflow sen-
sor, which are connected with the said battery; the signal
output of the said airflow sensor is connected with the said
electronic circuit board.

[0010] It also includes a check valve. The said battery is a
rechargeable battery, which has a flexibly connected charging
plug. The blades of the said plug come out of the other end of
the said shell.

[0011] Between the said charging plug and rechargeable
battery is a spring, which lies against the body of the said
rechargeable battery on one end, and its free end lies against
the said charging plug.

[0012] The said battery is a rechargeable battery, which has
a charging slot on it. The said operating indicator is a LED.
[0013] The said airflow sensor may be alternatively a semi-
conductor force-sensitive chip capacitance sensor or an
inductance sensor.

[0014] The said electronic circuit board includes an elec-
tronic switch circuit.

[0015] The said airflow sensor has a silica gel corrugated
membrane, which connects with magnetic steel with a reed
relay on one of its ends. Both ends of the said reed relay
correspond to the relay electrodes.

[0016] The said airflow sensor has a silica gel corrugated
membrane, which connects with magnetic steel with a Hall
element or a magneto-diode or a magneto-triode on one of its
ends.

[0017] The said atomizer assembly is an atomizer, which
includes a porous component and a heating body.

[0018] The said atomizer also includes an electric heating
rod. The body of the said porous component has a run-
through atomizing chamber. The diameter of the said electric
heating rod is less than the diameter of the said atomizing
chamber. The said electric heating rod enters into the said
atomizing chamber, and there is a clearance between the said
electric heating rod and interior wall of the atomizing cham-
ber. The said clearance forms a negative pressure cavity. One
end of the said porous component fits with the said cigarette
bottle assembly.

[0019] The said electric heating rod includes a cylinder.
The said heating body is heating wire, which is wound on the
wall of the said cylinder. The said porous component has a
protuberance on one end, and the said protuberance fits with
the said cigarette bottle assembly. The said protuberance is a
half sphere, on the side of which there is a run-through hole
connecting to the said atomizing chamber.

[0020] The said electric heating rod includes a cylinder.
The said heating body is made of electrically conductive
ceramic PTC material. The said heating body is set on the wall
of the said cylinder. On the wall of both ends of the said
cylinder, there are mandrils respectively. The said porous
component has a protuberance on one end, and the said pro-
tuberance fits with the said cigarette bottle assembly. The said
protuberance is a half sphere, on the side of which there is a
run-through hole connecting to the said atomizing chamber.
[0021] The said heating body is heating wire. The said
atomizer assembly includes a frame. The said porous com-
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wound with heating wire. The said frame has a run-through
hole on it. The said porous component is wound with heating
wire in the part that is on the side in the axial direction of the
said run-through hole. One end of the said porous component
fits with the said cigarette bottle assembly.

[0022] The said porous component is made of foamed
nickel, stainless steel fiber felt, macromolecular polymer
foam or foamed ceramics.

[0023] The said heating wire is made of platinum wire,
nickel-chromium alloy wire or iron-chromium alloy wire
containing rare earth, or is flaked.

[0024] A restriction component, which is detachable, is set
on one end of the said porous component. There is a restric-
tion hole on the body of the said restriction component. The
said restriction hole corresponds to the said atomizing cham-
ber. The pore diameter of the said restriction hole is less than
the inner diameter of the atomizing chamber.

[0025] The said cigarette bottle assembly includes a hollow
cigarette holder shell, and a perforated component for liquid
storage inside the said cigarette holder shell. One end of the
said cigarette holder shell plugs into the said shell, and the
outer peripheral surface of the said cigarette holder shell has
an inward ventilating groove. On one end surface of the said
cigarette holder shell, there is an air channel extending
inward.

[0026] The said air channel is located in the center on one
end surface of the said cigarette holder shell.

[0027] One end of the said porous component lies against
one end surface of the said perforated component for liquid
storage, and contacts the said perforated component for liquid
storage.

[0028] The said perforated component for liquid storage is
made of such materials as PLA fiber, terylene fiber or nylon
fiber.

[0029] The said perforated component for liquid storage is
plastic foam molding or column of multi-layer plates made
through plastic injection with polyvinyl chloride, ploypropy-
lene and polycarbonate.

[0030] The said electronic cigarette is held in a charging
device.
[0031] The said charging device includes a case, which

contains an auxiliary charging storage battery inside it, and
holds the electronic cigarette and the charger for the recharge-
able battery embedded in the electronic cigarette, as well as
the power supply circuit. The power inputs of the said auxil-
iary charging storage battery and charger are connected with
the power supply circuit respectively.

[0032] The said case has a spare liquid supply bottle in it.
[0033] The power output of the said auxiliary charging
storage battery is connected with the power input of the said
charger.

[0034] The power output of the said charger is a charging
slot, which fits with the charging plug of the rechargeable
battery inside the said electronic cigarette, or a charging plug,
which fits with the charging slot of the rechargeable battery.

[0035] The said charger is a constant voltage & current
charger.
[0036] On the body of the said shell, there is a pair of slide

ways corresponding to the position of the said electronic
cigarette, and on the slide ways, there is a slide cover.

[0037] This invention will bring the following benefits: (1)
For this invention, the perforated component for liquid stor-
age of the cigarette bottle assembly stores the nicotine liquid
only, which doesn’t contain cigarette tar, considerably reduc-
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ing the carcinogenic risks of smoking. At the same time, the
smokers can still enjoy the feel and excitement of smoking,
and there is no fire hazard since there is no need for igniting.
(2) For this invention, the battery assembly and atomizer
assembly are directly installed inside the shell, and then con-
nected with the cigarette bottle assembly. That is, there is just
one connection between two parts, resulting in a very simple
structure. For use or change, you just need to plug the ciga-
rette holder into the shell, providing great convenience. When
the nicotine liquid in the cigarette bottle assembly is used up
or the cigarette bottle assembly is damaged and needs to be
changed, the operation will be extremely easy. (3) For this
invention, the rechargeable battery inside the battery assem-
bly has a charging plug, whose blades come out of the shell.
When the rechargeable battery inside the electronic cigarette
runs out of power, it may be directly plugged into the charger
for charging, with no need to remove the rechargeable battery,
resulting in very easy use. (4) For this invention, the charging
device includes the charger and the auxiliary charging storage
battery. The electronic cigarette is put inside the charger when
not in use, and then the charging device may be electrified to
charge the electronic cigarette and the auxiliary charging
storage battery as well. In the event that power supply is not
available for the charging device, the auxiliary charging stor-
age battery may be used to charge the electronic cigarette.
Therefore, the electronic cigarette can be charged anywhere
you go, and it is very suitable for use when you are on a
business or tourist trip. Further, the charging device includes
aspare liquid supply bottle, which contains nicotine liquid for
spare use when you are on a business or tourist trip. (5) For
this invention, on one end of the shell of the cigarette bottle
assembly, there is an air channel extending inward. The elec-
tronic cigarette works to produce mist, which flows to the
shell, generating some fine drips; the fine drips are condensed
into bigger drips, which fall along the exterior wall of the air
channel into the cavity of the shell of the cigarette bottle
assembly, so that they are not inhaled by the smoker out of the
air channel. (6) In addition, with a little bit modification to the
liquid storage, the unit and its connecting structure of this
invention may also be loaded with drugs for delivery to the
lung.

DESCRIPTION OF DRAWINGS

[0038] FIG. 1 is the side section view of the electronic
cigarette of this invention.

[0039] FIG. 2 is the section view of the shell (a) separated
from the cigarette bottle assembly of the electronic cigarette
of this invention, illustrating the structure of the cigarette
bottle assembly that is detachably plug in the shell (a).
[0040] FIG. 3 is the diagram of the axial structure of the
cigarette bottle assembly of this invention, illustrating the
ventilating groove on the peripheral surface of the cigarette
holder shell.

[0041] FIG. 4 is the side section view of the cigarette bottle
assembly of'this invention, illustrating the structure of the air
channel.

[0042] FIG. 5 is the side section view of the porous com-
ponent of the atomizer of this invention, illustrating the atom-
izing chamber, a protruding half sphere structure.

[0043] FIG. 6 is the diagram of the structure of the electric
heating rod of the atomizer of this invention.

[0044] FIG. 7 is the side section of the atomizer of this
invention, illustrating the locations of and connection relation
between the electric heating rod and porous component.
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[0045] FIG. 8 is the diagram of the cubic structure of the
atomizer of this invention, illustrating the locations of and
connection relation between the electric heating rod and
porous component.

[0046] FIG.9 is the section view of the check valve of this
invention.

[0047] FIG. 10 is the front section view of the restriction
component in the second preferred embodiment of this inven-
tion, illustrating the structure of the restriction component.
[0048] FIG. 11 is the diagram of the axial structure of the
cigarette bottle assembly in the third preferred embodiment
of this invention.

[0049] FIG. 12 is the A-A section view of FIG. 11.

[0050] FIG.13isthe diagram of the structure of the electric
heating rod of the atomizer in the fourth preferred embodi-
ment of this invention.

[0051] FIG. 14 is the section view of the porous component
of the atomizer in the fourth preferred embodiment of this
invention.

[0052] FIG. 15 is the diagram of the axial structure of FIG.
14.

[0053] FIG. 16 is the side section view of the atomizer in the
fourth preferred embodiment of this invention, illustrating the
locations of and connection relation between the electric
heating rod and porous component.

[0054] FIG. 17 is the diagram of the axial structure of the
atomizer in the fifth preferred embodiment of this invention.
[0055] FIG. 18 is the side section view of the atomizer in the
fifth preferred embodiment of this invention.

[0056] FIG. 19 is the side section view of the electronic
cigarette in the sixth preferred embodiment of this invention,
illustrating the diagram of the structure of the airflow sensor
adopting Hall element.

[0057] FIG. 20 is the electric circuit diagram of the elec-
tronic cigarette of this invention, with the airflow sensor
adopting a reed relay structure.

[0058] FIG. 21 is the electric circuit diagram of the elec-
tronic cigarette of this invention, with the airflow sensor
adopting Hall element.

[0059] FIG. 22 is the diagram of the cubic structure of the
charging device of this invention, illustrating the locations of
and connection relation of various internal parts.

[0060] FIG. 23 is the side section view of the charging
device of this invention, illustrating the structure of slide way
and cover.

[0061] FIG. 24 is the diagram of the front structure of the
charging device of this invention, illustrating the structure of
the sliding cover.

SPECIFIC MODE FOR CARRYING OUT THE
INVENTION

[0062] This invention is further described as follows on the
basis of the drawings.

[0063] As shown in FIG. 1-10, this utility model provides
an aerosol electronic cigarette, which includes a battery
assembly, an atomizer assembly and a cigarette bottle assem-
bly, and also includes a shell (a), which is hollow and inte-
grally formed. The battery assembly connects with the atom-
izer assembly and both are located in the shell. The cigarette
bottle assembly is located in one end of the shell, which is
detachable. The cigarette bottle assembly fits with the atom-
izer assembly. The shell has through-air-inlets (al).

[0064] In this specific embodiment, the battery assembly
includes the battery, and the operating indicator (1), elec-
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tronic circuit board (4), and airflow sensor (5), which are
connected with the battery. It also includes a check valve (7).
The signal output of the airflow sensor (5) is connected with
the said electronic circuit board (4). The battery is a recharge-
able battery (3), which may be either a rechargeable polymer
lithium ion battery or a rechargeable lithium ion battery. The
airflow sensor (5) may be alternatively a semiconductor
force-sensitive chip capacitance sensor or an inductance sen-
sor. The rechargeable battery (3) has a flexibly connected
charging plug (2). The blades (21) of the charging plug (2)
come out of the other end of the shell (a). Between the charg-
ing plug (2) and rechargeable battery (3) is a spring (6), which
lies against the body of the rechargeable battery (3) on one
end, while its free end lies against the charging plug (2),
forming a flexible structure, which buffers the charging plug
(2) when plugged for charging, thus protecting the recharge-
able battery against any damage. Of course, the rechargeable
battery (3) in this embodiment has a charging slot on it, which
replaces the structure of charging plug (2) to perform the
charging function and protect the rechargeable battery (3)
against any damage. The operating indicator (1) is a LED. In
this embodiment, there are two LEDs. The electronic circuit
board (4) includes an electronic switch circuit, which controls
the electric circuit according to the input signals, so that the
rechargeable battery (3) electrifies the electric heating rod
(82) inside the atomizer (8) and the LEDs as well.

[0065] AsshowninFIGS.1and 2, the airflow sensor (5) has
a silica gel corrugated membrane (53), which connects with
magnetic steel (54) with a reed relay (52) on one of its ends.
Both ends of the said reed relay (52) correspond to the relay
electrodes (51) respectively.

[0066] As shown in FIG. 5-8, the atomizer assembly is an
atomizer (8), which includes a porous component (81) and a
heating rod (82). The body of the porous component (82) has
a run-through atomizing chamber (811). The diameter of the
electric heating rod (82) is less than the diameter of the
atomizing chamber (811). The electric heating rod (82) enters
into the atomizing chamber (811), and there is a clearance
between the electric heating rod (82) and interior wall of the
atomizing chamber (811), which forms a negative pressure
cavity (83). One end of the said porous component (81) fits
with the said cigarette bottle assembly. As FIGS. 5, 7 and 8
show, the porous component (81) has a protuberance (812) on
the other end, and the protuberance (812) fits with the ciga-
rette bottle assembly. The protuberance (812) is a protruding
half sphere, on the side of which there is a run-through hole
(813) connecting to the atomizing chamber (811). Of course,
the protuberance (812) may also be a taper, rectangle or any
other shape. The porous component (81) is made of foamed
nickel, stainless steel fiber felt, macromolecular polymer
foam or foamed ceramics, providing the remarkable capabili-
ties in liquid absorption and diffusion, and the ability to
absorb the liquid stored in the cigarette bottle assembly.
[0067] As shown in FIG. 6, the electric heating rod (82)
includes a cylinder (821). The heating wire (822) is wound on
the wall of the cylinder (821). On the wall of both ends of the
cylinder (821), there are mandrils (823) respectively, which
lie against the interior wall of the atomizing chamber (811) of
the porous component (81). There is a negative pressure cav-
ity (83) between the electric heating rod and interior wall of
the atomizing chamber.

[0068] The heating wire is made of platinum wire, nickel-
chromium alloy wire or iron-chromium alloy wire containing
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alternatively have on its peripheral wall the heating layer
made of electrically conductive ceramic PTC material, to
replace the heating wire.

[0069] Ofthis embodiment, the battery assembly and atom-
izer assembly are mutually connected and then installed
inside the integrally formed shell (a) to form a one-piece part.
The rechargeable battery (3) may be charged without frequent
change of battery. The user just needs to plug the cigarette
bottle assembly into the open end of the shell (a), for easy use
and very easy change.

[0070] As shown in 3 and 4, the cigarette bottle assembly
includes a hollow cigarette holder shell (b), and a perforated
component for liquid storage (9) inside the shell (b). The
perforated component for liquid storage (9) is made of such
materials as PLA fiber, terylene fiber or nylon fiber, which are
suitable for liquid storage. Alternatively, it may be plastic
foam molding or column of multi-layer plates made through
plastic injection with polyvinyl chloride, ploypropylene and
polycarbonate. One end of the cigarette holder shell (b) plugs
into the shell (a), and the outer peripheral surface of the
cigarette holder shell (b) has an inward ventilating groove
(b2). Onone end surface of the cigarette holder shell (b), there
is an air channel (b1) extending inward. The air channel (b1)
is located in the center on the surface of one end of shell (b).

[0071] As shown in FIG. 1-9, one end of the porous com-
ponent (81) lies against one end surface of the said perforated
component for liquid storage (9), and contacts the perforated
component for liquid storage (9). It absorbs the cigarette
liquid from the perforated component for liquid storage (9).
When the smoker smokes, the cavity of the cigarette holder
shell (b) is in the negative pressure state. In the shell (b), one
end of the airflow sensor (5) forms a normal pressure cavity,
while the other end forms a negative pressure cavity. The air
pressure difference between the normal pressure cavity and
negative pressure cavity or the high-speed airflow enables the
magnetic steel (54) of the airflow sensor (5) to drive the reed
relay(52) to contact the relay electrode (51). As shown in FI1G.
20, the electric circuit is electrified, and the electronic switch
circuit on the electronic circuit board (4) is electrified. Thus,
the rechargeable battery (3) starts to electrify the electric
heating rod (82) inside the atomizer (8), and at the same time,
the LEDs, which are electrified by the rechargeable battery
(3), emit light. The air enters the normal pressure cavity
through the air inlet (al), passes the check valve (7) via the
airflow passage in the airflow sensor (5), and flows to the
negative pressure cavity (83) in the atomizer (8). Since the
negative pressure cavity (83) provides the negative pressure
compared with the outside, the air flow sprays into it, bringing
the cigarette liquid from the porous component (81) to spray
into the negative pressure cavity (83) in the form of fine drips.
In the meantime, the electric heating rod (82) is electrified by
the rechargeable battery (3) under the control of electronic
circuit board (4), to heat the fine drips for atomization. After
atomization, the big-diameter fine drips are re-absorbed by
the porous component (81) under the action of vortex, while
the small-diameter fine drips are suspended in the airflow to
form gasoloid, which is discharged through the negative pres-
sure cavity (83) and run-through hole (813), flows into the
cigarette holder shell (b) of the cigarette bottle assembly, and
is absorbed by the air channel (b1). When the gasoloid enters
the cigarette holder shell (b), multiple small liquid drips are
condensed into bigger ones, which fall into the clearance
between the cigarette holder shell (b) and air channel (b1)
without being absorbed by the air channel (b1). The perfo-
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rated component for liquid storage (9) of the cigarette bottle
assembly and the porous component (81) of the atomizer (8)
contact each other to achieve the capillary impregnation for
liquid supply.

[0072] The unit and its connecting structure of this inven-
tion may also be loaded with drugs for delivery to the lung.
[0073] As shown in FIGS. 22, 23 and 24, the electronic
cigarette (5) is held in a charging device. The charging device
includes a case (1), which contains an auxiliary charging
storage battery (2) inside it, and holds the electronic cigarette
(5) and the charger (3) for the rechargeable battery embedded
in the electronic cigarette (5), as well as the power supply
circuit. The power inputs of the auxiliary charging storage
battery (2) and charger (3) are connected with the power
supply respectively. The charger (3) in this embodiment is a
constant voltage & current charger. It may be a GY5210
charger, or any other constant voltage & current charger. The
case (1) has a spare liquid supply bottle (4) in it. The power
output of the auxiliary charging storage battery (2) is con-
nected with the power input of the charger (3). The power
output of the charger (3) is a charging slot (31), which fits with
the charging plug of the rechargeable battery inside the elec-
tronic cigarette, or a charging plug, which fits with the charg-
ing slot of the rechargeable battery.

[0074] As shown in FIGS. 23 and 24, on the body of the
shell (1), there is a pair of slide ways (12) corresponding to the
position of the electronic cigarette, and on the slide ways,
there is a slide cover (11).

[0075] In the second preferred embodiment of this utility
model, a restriction component (10), which is detachable, is
set on one end of the said porous component (81). There is a
restriction hole (101) on the body of the restriction compo-
nent (10). The restriction hole (101) corresponds to the atom-
izing chamber (811). The pore diameter of the restriction hole
is less than the inner diameter of the atomizing chamber (811)
to the extent that the size of the restriction component (10)
installed on the porous component (81) varies, for the purpose
of airflow capacity control. On the basis of different applica-
tions, the restriction component of different sizes and pore
diameters may be used.

[0076] In the third preferred embodiment of this utility
model, as shown in 11 and 12, on the outer peripheral wall of
the cigarette shell (b), there is a protruding rib (b2) that is
evenly partitioned. The perforated component for liquid stor-
age (9) enters the cigarette holder shell (b) and lies against the
protruding rib (b2). Thus, there appears a clearance between
the outer peripheral surface of the perforated component for
liquid storage (9) and the interior wall of the shell (b). The
clearance is for connection the shell (a) and cigarette holder
shell (b). When the user smokes, the air channel (b1) absorbs
the air to cause airflow inside the shell (a), thus triggering the
airflow sensor (5) and eventually starting the electronic ciga-
rette. Also, the atomizer (8) works to atomize the cigarette
liquid and produce gas flow, which enters the cigarette holder
shell (b).

[0077] In the fourth preferred embodiment of this utility
model, as shown in FIGS. 13, 14, 15 and 16, on one end of the
cylinder (821), there is a fixed plate (84), whose outer periph-
eral wall has partitioned supports (841). The outer ends of the
supports (841) lie against the interior wall of the shell (a), thus
suspending the cylinder (821), which is connected with the
fixed plate (84), in the cavity of the shell (a). On the surface of
the fixed plate (84), there is a mandril (842), whose front end
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fixed plate (84) is separated from the atomizing chamber
(811) of the porous component (81). As a result, the run-
through hole on one end of the atomizing chamber (811)
won’t be blocked, and the mist generated in the atomizing
chamber (811) can be dispersed. One end of the porous com-
ponent (81) has two protuberances (812) at the outlet of the
atomizing chamber (811). Between the two protuberances
(812) is a clearance. The two protuberances (812) lie against
the perforated component for liquid storage (9).

[0078] In the fifth preferred embodiment of this utility
model, as shown in FIGS. 17 and 18, the atomizer assembly is
an atomizer (8), which includes a frame (82), the porous
component (81) set on the frame (82), and the heating wire
(83) wound on the porous component (81). The frame (82)
has a run-through hole (821) on it. The porous component
(81) is wound with heating wire (83) in the part that is on the
side in the axial direction of the run-through hole (821). One
end of the porous component (81) fits with the cigarette bottle
assembly. The porous component (81) is made of foamed
nickel, stainless steel fiber felt, macromolecular polymer
foam or foamed ceramics.

[0079] In the sixth preferred embodiment of this utility
model, as shown in FIG. 19, the airflow sensor (5) has a silica
gel corrugated membrane (53), which connects with mag-
netic steel (54) with a Hall element (52), or a magneto-diode
or a magneto-triode on one of its ends. FIG. 21 shows the
electric circuit of the electronic cigarette of this solution.

1. An aerosol electronic cigarette includes a battery assem-
bly, an atomizer assembly and a cigarette bottle assembly,
wherein further including a shell (a) that is hollow and inte-
grally formed; the said battery assembly connects with the
said atomizer assembly and both are located in the said shell
(a); the said cigarette bottle assembly is located in one end of
the shell (a), which is detachable; the said cigarette bottle
assembly fits with the said atomizer assembly; the said shell
(a) has through-air-inlets (al).

2. The aerosol electronic cigarette of claim 1, wherein the
said battery assembly includes the battery, and the operating
indicator (1), electronic circuit board (4), and airflow sensor
(5), which are connected with the said battery; the signal
output of the said airflow sensor (5) is connected with the said
electronic circuit board (4).

3. The aerosol electronic cigarette of claim 2, further
including a check valve (7); the said battery is a rechargeable
battery (3), which has a flexibly connected charging plug (2);
the blades (21) of the said charging plug (2) come out of the
other end of the said shell (a).

4. The aerosol electronic cigarette of claim 3, wherein a
spring (6) between the said charging plug (2) and recharge-
able battery (3), which lies against the body of the said
rechargeable battery (3) on one end, and its free end lies
against the said charging plug (2).

5. The aerosol electronic cigarette of claim 2, wherein the
said battery is a rechargeable battery (3), which has a charging
slot on it; the said operating indicator (1) is a LED.

6. The aerosol electronic cigarette of claim 2, wherein the
said airflow sensor (5) may be alternatively a semiconductor
force-sensitive chip capacitance sensor or an inductance sen-
Sor.

7. The aerosol electronic cigarette of claim 2, wherein the
said electronic circuit board (4) includes an electronic switch
circuit.

8. The aerosol electronic cigarette of claim 2, wherein the
airflow sensor (5) has a silica gel corrugated membrane (53),
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which connects with magnetic steel (54) with areed relay (52)
on one of its ends, both ends of the said reed relay (52)
correspond to the relay electrodes (51) respectively.

9. The aerosol electronic cigarette of claim 2, wherein the
said airflow sensor (5) has a silica gel corrugated membrane
(53), which connects with magnetic steel (54) with a Hall
element (52) or a magneto-diode or a magneto-triode on one
of'its ends.

10. The aerosol electronic cigarette of claim 3, wherein the
atomizer assembly is an atomizer (8), which includes a
porous component (81) and a heating body.

11. The aerosol electronic cigarette of claim 10, wherein
the said atomizer (8) includes an electric heating rod (82); the
body of the said porous component (81) has a run-through
atomizing chamber (811); the diameter of the said electric
heating rod (82) is less than the diameter of the said atomizing
chamber (811); the said electric heating rod (82) enters into
the said atomizing chamber (811), and there is a clearance
between the said electric heating rod (82) and interior wall of
the atomizing chamber (811); the said clearance forms a
negative pressure cavity (83); one end of the said porous
component (81) fits with the said cigarette bottle assembly.

12. The aerosol electronic cigarette of claim 11, wherein
the said electric heating rod (82) includes a cylinder (821); the
said heating body is heating wire (822), which is wound on
the wall of the cylinder (821); on the wall of both ends of the
cylinder (821), there are mandrils (823) respectively; the said
porous component (81) has a protuberance (812) on one end,
and the protuberance (812) fits with the cigarette bottle
assembly; the said protuberance (812) is a protruding half
sphere, on the side of which there is a run-through hole (813)
connecting to the atomizing chamber (811).

13. The aerosol electronic cigarette of claim 11, wherein
the said electric heating rod (82) includes a cylinder (821); the
said heating body is made of electrically conductive ceramic
PTC material; the said heating body is set on the wall of the
said cylinder (821); on the wall of both ends of the said
cylinder (821), there are mandrils (823) respectively; the said
porous component (81) has a protuberance (812) on one end,
and the said protuberance (812) fits with the said cigarette
bottle assembly; the said protuberance (812) is a protruding
half sphere, on the side of which there is a run-through hole
(813) connecting to the said atomizing chamber (811).

14. The aerosol electronic cigarette of claim 10, wherein
the said heating body is heating wire; the said atomizer (8)
includes a frame (82); the said porous component (81) is set
on the frame (82); the heating wire (83) is wound on the
porous component (81); the frame (82) has a run-through hole
(821) on it; the porous component (81) is wound with heating
wire (83) in the part that is on the side in the axial direction of
the run-through hole (821); one end of the porous component
(81) fits with the cigarette bottle assembly.

15. The aerosol electronic cigarette of claim 10, wherein
the said porous component (81) is made of foamed nickel,
stainless steel fiber felt, macromolecular polymer foam or
foamed ceramics.

16. The aerosol electronic cigarette of claim 10, wherein
the said heating wire is made of platinum wire, nickel-chro-
mium alloy wire or iron-chromium alloy wire containing rare
earth, or is flaked.

17. The aerosol electronic cigarette described in claim 11
features that a restriction component, which is detachable, is
set on one end of the said porous component (81); there is a

restriction hole on the body of the said restriction component; VPR Exhibit

2016
Page 326



US 2009/0095311 Al

the said restriction hole corresponds to the said atomizing
chamber (811); the pore diameter of the said restriction hole
is less than the inner diameter of the atomizing chamber
(811).

18. The aerosol electronic cigarette of claim 12, wherein
the said cigarette bottle assembly includes a hollow cigarette
holder shell (b), and a perforated component for liquid stor-
age (9) inside the shell (b); one end of the said cigarette holder
shell (b) plugs into the shell (a), and the outer peripheral
surface of the said cigarette holder shell (b) has an inward
ventilating groove (b2); on one end surface of the cigarette
holder shell (b), there is an air channel (b1) extending inward.

19. The aerosol electronic cigarette of claim 18, wherein
the said air channel (b1) is located in the center on one end
surface of the said cigarette holder shell (b).

20. The aerosol electronic cigarette of claim 18, wherein
one end of the porous component (81) lies against one end
surface of the said perforated component for liquid storage
(9), and contacts the perforated component for liquid storage
9.

21. The aerosol electronic cigarette of claim 18, wherein
the said perforated component for liquid storage (9) is made
of such materials as PLA fiber, terylene fiber or nylon fiber.

22. The aerosol electronic cigarette of claim 18, wherein
the said perforated component for liquid storage (9) is plastic
foam molding or column of multi-layer plates made through
plastic injection with polyvinyl chloride, ploypropylene and
polycarbonate.

23. The aerosol electronic cigarette of claim 11, wherein
the said aerosol electronic cigarette (5) is located in a charg-
ing device.

24. The aerosol electronic cigarette of claim 23, wherein
the said charging device includes a case (1), which contains
an auxiliary charging storage battery (2) inside it, and holds
the electronic cigarette (5) and the charger (3) for the
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rechargeable battery embedded in the electronic cigarette (5);
the power inputs of the auxiliary charging storage battery (2)
and charger (3) are connected with the power supply respec-
tively.

25. The aerosol electronic cigarette of claim 24, wherein
the said case (1) has a spare liquid supply bottle in it.

26. The aerosol electronic cigarette of claim 24, wherein
the said power output of the auxiliary charging storage battery
(2) is connected with the power input of the charger (3).

27. The aerosol electronic cigarette of claim 24, wherein
the power output of the said charger (3) is a charging slot (31),
which fits with the charging plug of the rechargeable battery
inside the electronic cigarette, or a charging plug, which fits
with the charging slot of the rechargeable battery.

28. The aerosol electronic cigarette of claim 26, wherein
the said charger (3) is a constant voltage & current charger.

29. The aerosol electronic cigarette of claim 24, wherein,
on the body of the said shell (1), there is a pair of slide ways
(12) corresponding to the position of the said electronic ciga-
rette, and on the slide ways (12), there is a slide cover (11).

30. The aerosol electronic cigarette of claim 5, wherein the
atomizer assembly is an atomizer (8), which includes a
porous component (81) and a heating body.

31. The aerosol electronic cigarette of claim 14, wherein
the said cigarette bottle assembly includes a hollow cigarette
holder shell (b), and a perforated component for liquid stor-
age (9) inside the shell (b); one end of the said cigarette holder
shell (b) plugs into the shell (a), and the outer peripheral
surface of the said cigarette holder shell (b) has an inward
ventilating groove (b2); on one end surface of the cigarette
holder shell (b), there is an air channel (b1) extending inward.

32. The aerosol electronic cigarette of claim 14, wherein
the said aerosol electronic cigarette (5) is located in a charg-
ing device.
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(57) Abstract: This invention relates to an aerosol electronic cigarette just containing nicotine without tar, which includes a
shell and a suction nozzle. On the exterior wall of the shell, there is an air orifice, while there are an electronic circuit board, a
constant pressure cavity, a sensor, a gasliquid separator, an atomizer, and a supplying bottle orderly located in the interior of the
shell, wherein the electronic circuit board consists of an electronic switching circuit and a high-frequency generator. At one side
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bottle, and there is an atomizing cavity located in the atomizer. An antiextrusion ring used to fix the supplying bottle is located
between the shell and one side of the supplying bottle. At the other side of the supplying bottle there is a mirage duct. The air
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An aerosol electronic cigarette

Abstract

This invention relates to an aerosol electronic cigarette just containing nicotine without tar,
which includes a shell and a suction nozzle. On the exterior wall of the shell, there is an air
orifice, while there are an electronic circuit board, a constant pressure cavity, a sensor, a
gasliquid separator, an atomizer, and a supplying bottle orderly located in the interior of the
shell, wherein the electronic circuit board consists of an electronic switching circuit and a
high-frequency generator. At one side of the sensor there is an air duct. A negative pressure Other languages: French, Chinese
cavity is located in the sensor. The atomizer connects with the supplying bottle, and there is

an atomizing cavity located in the atomizer. An antiextrusion ring used to fix the supplying

bottle is located between the shell and one side of the supplying bottle. At the other side of

the supplying bottle there is a mirage duct. The air orifice, the constant pressure, the sensor, Worldwide applications

the gasliquid separator, the atomizer, and the mirage duct connect orderly and throughout.
Without tar, this invention reduces the risk of suffering cancer, meets the requirement of the

Inventor: Lik Hon
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Claims Hide Dependent
Claim

An atomized electronic cigarette, comprising a casing and a nozzle, characterized in that: an outer wall (4) is opened on an outer wall of the casing (14), and an
electronic circuit is sequentially arranged in the casing (14) Plate (3), atmospheric pressure chamber (5), sensor (6), gas-liquid separator (7), atomizer (9), liquid
supply bottle (11); wherein electronic circuit board (3) is controlled by electronic switch circuit And a high-frequency oscillator; on one side of the sensor (6), there
is a sensor air flow channel (18), which communicates with the inner cavity of the casing (14), and a negative pressure chamber (8) is arranged in the sensor (6);
The device (9) is in contact with the liquid supply bottle (11), and a gap is left between the casing (14) and the atomization chamber (10) inside the atomizer (9);
the liquid supply bottle (11) A retaining ring (13) for locking the liquid supply bottle (11) is disposed between one side and the casing (14), and a mist passage
(12) is left on the other side of the liquid supply bottle (11); 4), the atmospheric pressure chamber (5), the sensor (6), the gas-liquid separator (7), the atomizer (9),
the mist channel (12), the air guiding hole (17), and the suction nozzle (15) are sequentially connected The front end of the housing (14) also includes a hair Diode
(LEDI) and a battery (2), together constitute a mouthpiece shape, the overall shape of a pipe or cigar-shaped.

2. The atomized electronic cigarette according to claim 1, wherein: in the casing (14), the atomizer (9) is rearward, and the liquid supply bottle (11) is disposed in
the gas-liquid separator (7) Between the atomizer and the atomizer (9), a spring piece (33) for pressing the liquid supply bottle (11) against the atomizer (9) is
provided at one end of the liquid supply bottle (11).

The atomized electronic cigarette according to claim 1 or 2, characterized in that: a display screen (32) is attached to the inner wall of the casing (14) to be
connected to the electronic circuit board (3).

4. An atomized electronic cigarette according to claim 1 or 2, characterized in that a microswitch (16) for manual cleaning is connected in parallel with the sensor
(6) in the housing (14).

The atomized electronic cigarette according to claim 1 or 2, characterized in that: the sensor (6) and the internal negative pressure chamber (8) are provmém EXhlblt
a corrugated membrane (22), and the sensor (6) There is also a first magnetic steel (20), a second magnetic steel (21) and a reed switch (KI) interposed 20 1 6

https://patents.google.com/patent/W02005099494A1/en?0q=WO+2005%2f099494+ 1/35,
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therebetween, and the second magnetic steel (21) is fixed on the corrugated membrane (22) .

The atomized electronic cigarette according to claim 1 or 2, wherein: the sensor (6) has a silicone member check valve (31), and a third magnetic steel (34) is
disposed in the valve. A reed switch (KI) is provided on the side of the valve adjacent to the third magnetic steel (34).

The atomized electronic cigarette according to claim 1 or 2, characterized in that the gas-liquid separator (7) has a through hole.

8. The atomized electronic cigarette according to claim 7, characterized by: a pass on the gas-liquid separator (7) The hole jacket has a silicone piece check valve
(31).

The atomized electronic cigarette according to claim 1 or 2, characterized in that: the atomization chamber wall (25) of the atomization chamber (10) is provided
with an overflow hole (29) and an atomization chamber ( 10) A heating body (RL) is arranged in the cavity, and a first air flow injection hole (24) is opened on one
side of the heating body (RL), and the porous body (27) is wrapped outside the atomization chamber wall (25), and is atomized. One side of the device (9) is
provided with a first piezoelectric piece (M1), and the other side is provided with a protrusion (36).

The atomized electronic cigarette according to claim 1 or 2, characterized in that: the atomizer (9) is provided with a second piezoelectric piece (35).

11. The atomized electronic cigarette according to claim 9, wherein: the porous body (27) in the atomizer (9) is foamed by a foam, a stainless steel fiber felt, or a
polymer polymer. Made of body and foam ceramics; heating body (RL) can be made of platinum wire, nickel-chromium alloy or iron-chromium-aluminum alloy wire
containing rare earth elements, or can be made into a sheet; the atomization chamber wall (25) can be oxidized. Made of aluminum or ceramic.

12. The atomized electronic cigarette according to claim 7, wherein: the gas-liquid separator (7) is made of plastic or silicone rubber.

The atomized cigarette according to claim 1 or 2, characterized in that: the liquid supply bottle (11) is provided with a liquid storage porous body (28) which can
be filled with polypropylene fiber, polyester fiber or nylon fiber. , or filled with a plastic foam molded body; it can also be injection molded into a multi-layered
column by using polyvinyl chloride, polypropylene, or polycarbonate.

14. The atomized electronic cigarette according to claim 5, wherein: the reed switch (K1), the first magnet (20), the second magnet (21), and the corrugated film
(22) are provided with a sealing film Instead of a semiconductor strain gauge, mount the sensor in the corrugated membrane position.

The atomized electronic cigarette according to claim 1 or 2, characterized in that: the smoke liquid injected into the liquid supply bottle (11) for atomization
contains 0.4 to 3.5% of nicotine, and the tobacco flavor is 0.05 to 2 %, organic acid 0.1~3.1%, anti-oxidation 0.1-0.5%, balance is 1,2-propanediol.

Description

Atomized electronic cigarette

The present invention relates to an electronic cigarette, and more particularly to an atomized electronic cigarette which does not contain tar and contains
only nicotine (nicotine). Background technique

In today's "smoking is harmful to health" has become common sense, there are still 1 billion people worldwide who smoke, and this number is still
expanding every year. The first international non-smoking agreement, the Framework Convention on Tobacco Control, adopted by the World Health
Organization (WHO) on March 1, 2003, according to figures provided by the WHO, shows that smoking causes 4.9 million deaths each year, although
smoking can cause severe respiratory problems. Diseases and cancers make it extremely difficult for smokers to quit completely.

The active ingredient of cigarettes is nicotine (ie, nicotine). When smoking, nicotine is rapidly absorbed into the alveoli after a large amount of tar droplets
generated by burning cigarettes. Nicotine is absorbed into the blood and acts on the receptors of the central nervous system. A "intoxication" that causes
stimulants, such as the feeling of dizziness or swaying experienced by smokers.

Nicotine is a small molecule alkaloid that is substantially harmless to humans in small doses and has a very short half-life in the blood. The harmful
substances of tobacco are mainly tar. Tobacco tar is composed of thousands of ingredients, dozens of which are carcinogens. Passive smoking has been
shown to be more harmful to non-smokers.

In order to find cigarette substitutes that contain only nicotine and do not contain tar, there are many inventions made with purer nicotine such as "quit

won

packaging in high pressure with propellant”. Gas tank sprays, "nicotine chewing gum’, "nicotine beverage" and

smoking sticks", "nicotine containing water",
other products, although these products do not have the harm of tar, but due to the slow absorption of nicotine, can not establish an effective peak
concentration in the blood, can not solve the demand for nicotine The feeling of "addictiveness" also deprives smokers of the habit of "sucking" and
"sucking", so similar products cannot be used as smoking cessation supplies or cigarette substitutes. Summary of the invention

In order to overcome the above disadvantages, it is an object of the present invention to provide a misted electronic cigarette having the function of
quitting smoking and cigarette substitutes.

The object of the present invention is achieved by the following technical solutions:

The invention comprises a casing and a nozzle, wherein an outer wall of the casing is provided with an air inlet hole, and an electronic circuit board is

arranged in the casing, Normal pressure chamber, sensor, gas-liquid separator, atomizer, liquid supply bottle; wherein the electronic circuit board is

composed of an electronic circuit and a high-frequency oscillator; a sensor air flow channel is opened on one side of the sensor, and the housing cavity In

the same way, the sensor is provided with a negative pressure chamber; the atomizer is in contact with the liquid supply bottle, and a gap is left between

the atomizer and the housing; an atomization chamber is arranged inside the atomizer; one side of the liquid supply bottle and the housing There is a

retaining ring for locking the liquid supply bottle, and the other side of the liquid supply bottle is provided with a mist passage; the air inlet hole, the VPR EXhlblt
atmospheric pressure chamber, the sensor, the gas-liquid separator, the atomizer, the mist channel, the air guiding hole The nozzles are connected in 20 1 6
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sequence; the front end of the housing further includes a light emitting diode and a battery, which together form a cigarette-shaped, cigar-shaped or pipe-
shaped whole.

Wherein: a display screen is arranged on the inner wall of the casing, and is connected with the electronic circuit board; a micro switch for manual cleaning
is arranged in parallel with the sensor in the casing; a corrugated membrane is arranged between the sensor and the inner negative pressure chamber
thereof, The sensor is further provided with a first magnetic steel, a second magnetic steel and a reed switch interposed therebetween, the second
magnetic steel is fixed on the corrugated membrane; the sensor has a silicone rubber check valve built therein, and the valve is provided with a valve a third
magnetic steel, a side of the valve adjacent to the third magnetic steel is provided with a reed switch; a gas-liquid separator is provided with a through hole,
and a through hole on the gas-liquid separator is provided with a silicone member check valve; An overflow hole is formed in the wall of the atomization
chamber of the cavity, and a heating body is arranged in the atomization cavity, and a first airflow injection hole is opened on one side of the heating body,
and the porous body is wrapped outside the wall of the atomization cavity, and the atomizer One side is provided with a first piezoelectric piece, and the
other side is provided with a protrusion; a second piezoelectric piece is added to the atomizer; the porous body in the atomizer can be made of foamed
nickel, stainless steel fiber felt, and high polymer Made of polymer foam and foamed ceramics; the heating body can be made of platinum wire, nickel-
chromium alloy or rare earth-containing material. Made of chrome-aluminum alloy wire, it can also be made into a sheet-like body; the atomization
chamber wall can be made of alumina or ceramic; the gas-liquid separator can be made of plastic or silicone rubber; the liquid supply bottle is filled with a
liquid storage porous body, It can be filled with polypropylene fiber, polyester fiber or nylon fiber, or filled with plastic foam molded body; it can also be
injected into the column of multi-layer board by using polyvinyl chloride, polypropylene and polycarbonate; reed switch, first magnetic steel, The second
magnetic steel and corrugated film may be replaced by a semiconductor strain gauge having a closed film and installed at the position of the sensor
corrugated film.

The invention also discloses another structure of atomized electronic cigarette. In the casing, the atomizer is arranged behind, and the liquid supply bottle
is arranged between the gas-liquid separator and the atomizer, and is provided at one end of the liquid supply bottle. Press the liquid supply bottle against
the shrapnel on the nebulizer.

The advantages of the invention are: smoking without tar, greatly reducing the risk of cancer, the user still feels and excited about smoking, no need to
ignite, no fire hazard.

The device and connection structure of the present invention can be loaded with conventional drugs for intrapulmonary drug delivery devices after a slight
modification of the reservoir. DRAWINGS

Figure 1 is a schematic view of an overall structure of the present invention;

2 is a schematic view showing another overall structure of the present invention; 3 is a schematic view showing the overall structure of a display screen
according to the present invention;

Figure 4 is a structural view of the sensor of the present invention;

Figure 5 is a structural view of a sensor with a silicone valve check valve according to the present invention;
Figure 6 is a structural view of an atomizer of the present invention;

Figure 7 is a structural view of a ceramic member in the atomizer of the present invention;

Figure 8 is a structural view of another atomizer of the present invention;

Figure 9 is a structural view of a gas-liquid separator according to the present invention;

Figure 10 is a structural view of another gas-liquid separator of the present invention;

Figure 11 is a connection diagram of the liquid supply bottle and the suction nozzle of the present invention;
Figure 12 is a circuit schematic of the present invention. detailed description

The invention will be further described in detail below with reference to the accompanying drawings.
Example 1

As shown in Fig. 1, the present invention can constitute a cigarette-shaped, cigar-shaped or pipe-shaped whole. The outer wall of the casing 14 is provided
with an air inlet hole 4, and the casing 14 is sequentially provided with a light emitting diode LED1, a battery 2, an electronic circuit board 3, an atmospheric
pressure chamber 5, a sensor 6, a gas-liquid separator 7, and an atomizer 9., liquid supply bottle 11, suction nozzle 15. The electronic circuit board 3 is
composed of an electronic switch circuit and a high frequency oscillator. On one side of the sensor 6, a sensor air flow path 18 is connected to
communicate with the inner cavity of the casing 14. As shown in Fig. 4, a negative pressure chamber 8 is provided in the sensor 6, and is separated from
the sensor 6 by a corrugated membrane 22. The sensor 6 is further provided with a first magnetic steel 20, a second magnetic steel 21 and a reed switch
K1 interposed therebetween, and the second magnetic steel 21 is fixed to the corrugated membrane 22. The atomizer 9 is in contact with the liquid supply
bottle 11 through the projection 36, leaving a gap with the housing 14, and the atomizer 9 is provided inside the atomizer 9. As shown in FIG. 6 and FIG. 7,
the atomization chamber wall 25 of the atomization chamber 10 is provided with an overflow hole 29, and a heating body RL is disposed in the chamber,
and a platinum wire, a nickel-chromium alloy or an iron-chromium-aluminum containing a rare earth element may be used. Made of alloy wire, it can also be
made into a sheet. An injection hole is formed on one side of the heating body RL, and the first air flow injection hole 24 or the second air flow injection
hole 30 may be selected according to the material of the atomization chamber wall 25. The first air flow injection hole 24 can be used with a 0.1 mm to 1.3
mm slit structure or a single hole and a porous structure of a circular hole of D0.2 mm to 1.3 mm); the diameter of the second air flow injection hole 30 is
0.3 mm to 1.3 mm. The cavity wall 25 is surrounded by a porous body 27, and can be made of foamed nickel, stainless steel fiber felt, polymer polymer

foam, and foamed ceramic. The first piezoelectric piece M1 is further provided on the atomizer 9. The chamber wall 25 may be made of alumina or VPR EXhlblt
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ceramic. As shown in Fig. 9, the gas-liquid separator 7 is provided with a through hole, which may be made of plastic or silicone rubber. As shown in Fig.
11, one side of the liquid supply bottle 11 And housing 14 is provided with a retaining ring 13 for locking the liquid supply bottle 11, and the other side is
provided with a mist passage 12, which is filled with a liquid storage body 28, which can be filled with polypropylene fiber, polyester fiber or nylon fiber, or
foamed with plastic. The shaped body is filled with a polyurethane foam column or a polypropylene foam column, and can also be injection molded into a
multi-layered column by using polyvinyl chloride, polypropylene, or polycarbonate. The intake port 4, the atmospheric pressure chamber 5, the sensor 6, the
gas-liquid separator 7, the atomizer 9, the mist passage 12, the air passage 17, and the suction nozzle 15 are sequentially connected.

As shown in the circuit schematic of Figure 12, the electronic switching circuit is centered on the field effect power transistor U1. K1 is a reed switch
(located in sensor 6), RL is a heating body (located in atomizer 9), LED1 is a light-emitting diode, U2 is a low-voltage detection piece (for over-discharge
protection of lithium batteries), Ml is The first piezoelectric piece, the first capacitor C1, the second capacitor C2, the third resistor R3, the first inductor L1,
the third capacitor C3, the transistor BG1, and the first piezoelectric piece M1 constitute a three-point capacitor oscillator, that is, high frequency oscillation
Device. The circuit principle is as follows: When the reed switch K1 is closed, the field effect power tube U1 is turned on, the heating body RL is working,
and the three-point capacitor oscillator is started, and the first piezoelectric piece M1 provides the high frequency mechanical vibration wave for the
atomizer 9., to achieve the atomization effect.

When the smoker smokes, the nozzle 15 is in a negative pressure state, and the air pressure difference between the atmospheric pressure chamber 5 and
the negative pressure chamber 8 or the high-speed air flow causes the sensor 6 to output an activation signal, and the electronic circuit board 3 connected
thereto operates. At this time, the corrugated membrane 22 in the sensor 6 is deformed, and the second magnetic steel 21 is driven away from the reed
switch K1. The reed switch K1 is closed under the action of excess magnetic lines of the first magnetic steel 20 (ie, K1 is closed), and is activated as an
electronic switch. The field effect power tube U1, the high frequency oscillator uses a three-point capacitor oscillator, the frequency is from 550KHZ to
8MHz, the frequency in the circuit is automatically fine-tuned to resonate with the ring-shaped first piezoelectric piece M1, and the liquid molecules are
energized, and the LED 1 is The rechargeable battery 2 emits light when it is powered. The atmosphere enters the atmospheric pressure chamber 5 from
the air inlet hole 4, passes through the sensor air flow passage 18, and then flows through the through hole in the gas-liquid separator 7 to the atomization
chamber 10 in the atomizer 9, and the high-speed airflow through the injection hole The smoke liquid in the porous body 27 is sprayed into the atomization
chamber 10 in the form of droplets, ultrasonically atomized by the first piezoelectric sheet M1, and further atomized by the heating body RL, and the large
diameter after atomization The droplets are reabsorbed by the porous body 27 through the overflow hole 29 under the action of the eddy current, and the
small-diameter droplets are suspended in the gas stream to form an aerosol which is sucked out through the mist passage 12, the air guiding hole 17, and
the suction nozzle 15. The liquid storage porous body 28 in the liquid supply bottle 11 is brought into contact with the projection 36 on the atomizer 9 to
effect capillary infiltration. \

The nozzle 15 is threaded. When the liquid in the liquid supply bottle 11 is used up, the nozzle 15 can be unscrewed, the liquid supply bottle 11 is taken out,
the liquid is injected into the liquid supply bottle 11, and refilled. Inside the housing 14, the nozzle 15 is tightened.

The reed switch K1, the first magnet 20, the second magnet 21, and the corrugated film 22 may be replaced by a semiconductor strainer having a closed
film, which is installed at the position of the sensor corrugated film.

In order to simplify the design, the first piezoelectric piece M1 on the atomizer 9 can be eliminated, and the smoke liquid mist is only used by the heating
body RL. Chemical. The size of the atomizer can be made smaller, and the connection structure of the entire atomized electronic cigarette is the same as
that of the first embodiment. Further, as shown in FIG. 8, the first piezoelectric sheet M1 and the heating body RL in the atomizer 9 are eliminated, and a
single layer or a plurality of layers and a second plate shape are added in the atomization chamber. The piezoelectric sheet 35, the airflow passing through
the ejection holes is atomized at the center vibration focus point, and the effect of strong ultrasonic atomization is achieved.

As shown in Fig. 10, a silicone member check valve 31 may be disposed outside the through hole of the gas-liquid separator 7. When smoking, the airflow
reaches the through hole. As the air pressure in the through hole rises, the silicone valve check valve 31 is opened and the airflow passes; when not
smoking, the silicone member check valve 31 is closed.

As shown in Fig. 5, the sensor 6 can also be designed as a structure with a silicone member check valve 31. When smoking, the airflow converges in the
silicone check valve 31, the air pressure rises, the gas expands, and the third magnetic steel 34 in the valve gradually approaches the reed switch K1 until
the reed switch K1 is closed and the circuit is opened, with the pressure difference Continuing to increase, the air outlet of the silicone member check valve
31 is opened. The xenon tube K1 can also be replaced by a Hall device or a magneto-sensitive diode or a magneto-transistor.

Example 2

As shown in FIG. 2, in order to improve the liquid supply state, in the casing 14, the atomizer 9 is disposed rearward, and the liquid supply bottle 11 is
disposed between the gas-liquid separator 7 and the atomizer 9, in the liquid supply bottle 11 The elastic piece 33 for pressing the liquid supply bottle 11
against the atomizer 9 is provided at one end, and the other components and working principle are the same as those of the first embodiment.

In the inner wall of the casing 14 of the atomized electronic cigarette described in the first embodiment and the second embodiment, a digital display
screen 32 may be further connected to the output end of the field effect power tube U1 in the electronic switch circuit for displaying the daily The number
of cigarettes smoked and the battery capacity. Sensor 6 is a linear signal output that is proportional to the strength of the suction (i.e., the greater the
suction and the longer the working time), the nebulizer 9 operates in a linear fashion to simulate a more realistic humanized cigarette.

A microswitch 16 for manual cleaning is also connected in parallel with the sensor 6 in the housing 14. When not smoking, press the microswitch 16 to
operate the sensor 6 in parallel with it, or remove the residue and other impurities in the housing 14.

The smoke liquid used for atomization contains 0.4~3.5% nicotine, the tobacco flavor is 0.05~2%, the organic acid is 0.1~3.1%, the antioxidant is
0.1~0.5%, and the balance is 1,2-propanediol.
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VPR Exhibit

2016

Page 352



10

15

20

25

30

WO 2007/078273 PCT/US2005/046546

NO-TAR ELECTRONIC SMOKING UTENSILS

TECHNICAL FIELD

The present invention relates to no-tar electronic smoking utensils
such as, for example, cigarettes, cigars and cigarette holders.

BACKGROUND

Cigarettes are well known in which one end of a tobacco filled
cigarette is held in the mouth of the user and the other end of the
cigarette is ignited by a match or a lighter and the user draws on
one end of the cigarette to draw the tobacco smoke through the
cigarette into the mouth/lungs of the user. The health dangers of
tobacco smoking are well documented and many products have
appeared on the market in an attempt to assist smokers to cease
smoking tobacco products or to provide a more healthy tobacco
substitute.

One such product is a "flameless electronic atomising cigarette"
described in Malaysian patent application 031 11582.9. The product
is a non-combustible simulated cigarette and the user draws on one
end of the "cigarette" to draw a nicotine vapour through the
cigarette via a solution having a controlled amount of nicotine. The
lack of a flame avoids inhaling tar and other unhealthy tobacco
products, and the user can also control the amount of nicotine
inhaled. The nicotine mixture of the prior art electronic cigarette is
pumped through the device and is atomised by the use of a high
frequency generator, a piezoelectric ultrasonic atomiser and a high-
temperature gasification jet tube. The resulting vapour, lacking the

. VPR Exhibit
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conventional tar and unhealthy by- products, but including a
controlled amount of nicotine, is inhaled by the user.

SUMMARY OF INVENTION

It is an object of the present invention to provide a no-tar electronic
smoking utensils which is a suitable alternative to known products
and/or is of a simpler construction in comparison to known
products.

In accordance with one aspect of the invention, there is provided a
no-tar electronic smoking utensils including:

a container for a liquid,

a vapouriser including heater means adapted to vapourise the
liquid,

wherein air can be drawn by the suction of the user over the
container and vapouriser to form a simulated smoke vapour.

Preferably, in contrast to the above prior art device the
vapourisation is effected solely or principally by the air distribution
through the container in combination with the heat from the heating

means.

Preferably, in contrast to the above prior art device the flow of fluids
through the cigarette is caused solely or principally by the suction of
the user.

Thus, the simulated cigarette of the present invention is of a simpler
construction, easier to manufacture and more cost effective than
the above prior art device.

2 VPR Exhibit
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Preferably, at least a portion of the container is formed of a porous
material to facilitate distribution of the liquid through the container,
prior to being fed to the heater means. Suitable materials include,
for example, foamed metal, foamed ceramic or special fibre.

In a preferred arrangement the heater means includes an electrical
heater mounted on an electrical insulating support, for example a
spirally wound heater wire.

The liquid mixture may be formed from any suitable
materials/chemicals. The mixture could include a controlled amount
of nicotine, however the mixture need not include a nicotine

content.

Indicating/monitoring means may be included for the purpose of
indicating a range of activities such as when a pre-set level of
nicotine has been reached, when the unit is switched on or when
the liquid in the container is low.

In a preferred arrangement simulated tobacco is provided in the tip
end of the smoking article to give the article the appearance of a

conventional smoking article.

The no-tar electronic smoking utensils preferably includes electrical
supply means, such as a battery, to supply power to the heater
and/or the indicator means. In a preferred arrangement power
supply switch means are located adjacent the mouthpiece end of
the cigarette, the power supply switch means being adapted to be
activated by the lips of the user.

In accordance with another aspect of the invention, there is
provided a simulated cigarette including a container formed of a

3 VPR Exhibit
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porous material for storing a liquid mixture, the container
communicating with a heater vapouriser via a series of apertures,
said vapouriser including a spirally wound electrical heater mounted
on an electrical insulating support, battery supply means for the
heater, said heater vapouriser communicating with a mouthpiece,
whereby in use, suction on the mouthpiece by the user causes air to
be drawn through the porous container for liquid, over the heated
vapouriser, into the mouthpiece and into the mouth of the user.

SPECIFIC EXAMPLE OF THE INVENTION

In order to better understand the invention, an example will now be

described with reference to the following drawings, in which:

FIG 1is an enlarged side view of a simulated cigarette constructed

in accordance with the invention,

FIG 2 is a cross- sectional side view of the simulated cigarette of
FIG 1,

FIG 3 is atip end view of the simulated cigarette of FIG 1 looking in
the direction of arrow X,

FIG 4 is a mouthpiece end view of the simulated cigarette of FIG 1
looking in the direction of arrow Y,

FIG 5 is a cross-sectional end view taken along the lines AA of FIG
2,

FIG 6 is a cross-sectional end view taken along the lines BB of FIG
2, and

4 VPR Exhibit
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FIG 7 is a schematic diagram of the electrical components of the

example shown in FIG 1.

Referring to FIG 1 of the example, the simulated cigarette is of the
general size and shape of a conventional elongated cylindrical
cigarette, having atip end 2 and a mouthpiece end 4.

In broad terms, the simulated cigarette of the example is provided
with a container for a liquid mixture, a heater for vapourising the
liquid, apertures for passage of air/mixture vapour through the
cigarette into the mouth of the user, and a battery for supplying
power to the heater.

Referring to FIGS 1 and 2, the simulated cigarette is provided with
an outer casing 6. The tip end 2 of the casing 6 is provided with
simulated tobacco to give the simulated cigarette the appearance of
a conventional cigarette. Modifications, such as choice and feel of
materials, obvious to those skilled in the art, could also be made to
give the simulated cigarette the look and feel of a conventional
cigarette.

Adjacent and inner the tip end 2 of the cigarette and mounted on
the cigarette casing 6 is a light emitting diode (LED) 8. The LED is
for the purpose of monitoring/indicating, amongst other things, the
level of liquid in the container and when a pre-set level of nicotine
has been reached.

Located inner and adjacent of the simulated tobacco is a printed
circuit board (PCB) control unit 10 for controlling the electrics of the

cigarette.

Adjacent and inner of the PCB 10, is a cylindrical battery chamber
12 for housing a battery 14. The cigarette outer casing 6, adjacent
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the battery chamber 12 is provided with a plurality of apertures 16
to permit entry of air into the battery chamber. Adjacent and inner
of the battery chamber 12 is a cylindrical liquid container 18
separated from the battery chamber by a dividing wall 20. The
dividing wall 20 is provided with a plurality of apertures 22 to
permit entry of air from the battery chamber into the liquid
container.

The container liquid mixture can be fed into the container 18 via a
one-way valve (not shown) mounted through the wall of the
cigarette casing 6. The liquid container 18 is formed of porous
inorganic material. The porous material of the liquid container
facilitates the distribution and the mixing of the air and liquid
mixture.

A cylindrical vapouriser heater assembly housing 24 is mounted
within a central bore provided in the mouthpiece end of the liquid
container 18. The vapouriser heater assembly housing houses a
heater wire 26 spirally wound on a central ceramic insulating rod.
The walls of the heater housing 24 are provided with a plurality of
apertures 28 to permit entry of the liquid/air from the liquid
container 18 into the heater housing 24.

Adjacent the mouthpiece end 4 of the cigarette and mounted on
the cigarette outer casing 6 is a switch 30 activated, in use, by the
mouth of the user for the purpose of switching on the battery power

supply.

As indicated above, the liquid of the container may contain any
suitable chemicals, and may be provided with or without nicotine.
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The approximate percentages of ingredients for a mixture
containing nicotine are as follows:

1,2 propylene glycol 81%, nicotine 7%, distilled water 6%, glycerol
triacetin 5%, formic acid, acetic acid, acetol and fragrance etc. 1%.

The approximate percentages of ingredients for a mixture without
nicotine are as follows:

1,2 propylene glycol 88%, distilled water 6%, glycerol triacetin 5%,
formic acid, acetic acid, acetol and fragrance etc. 1%.

In operation, the switch 30 is activated by the lips of the user
touching the switch 30 thus switching on the battery power supply.
As best seen in the electrical schematic diagram of FIG 7, battery
power is supplied to the PCB control unit 10, the LED 8 and the
vapouriser heater 26.

As the user draws on the cigarette mouthpiece, air is drawn into the
battery chamber, into the liquid container to mix with the liquid
mixture, and into the heater assembly. The resulting vapour is
drawn into the mouth of the user.
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CLAIMS:

1. A no-tar electronic smoking utensils including:

a container for a liquid,

a vapouriser including heater means adapted to vapourise the
liquid,

wherein air can be drawn by the suction of the user over the
container and vapouriser to form a simulated smoke vapour.

2. A no-tar electronic smoking utensils according to Claim 1 wherein
the vapourisation is effected solely or principally by the air
distribution through the container in combination with the heat from
the heating means.

3. A no-tar electronic smoking utensils according to Claim 1 or
Claim 2 wherein the flow of fluids through the cigarette is caused
solely or principally by the suction of the user.

4. A no-tar electronic smoking utensils according to any preceding
claim wherein at least a portion of the container is formed of a
porous material to facilitate distribution of the liquid through the
container, prior to being fed to the heater means.

5. A no-tar electronic smoking utensils according to any preceding
claim wherein the heater means includes an electrical heater
mounted on an electrical insulating support.

6. A no-tar electronic smoking utensils according to any preceding
claim wherein the liquid includes a controlled amount of nicotine.
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7. A no-tar electronic smoking utensils according to any preceding
claim including indicator means for the purpose of indicating when a

pre-set level of nicotine has been reached.

8. A no-tar electronic smoking utensils according to any preceding
claim including simulated tobacco at a first or tip end of the
smoking article to give the article the appearance of a conventional
smoking article.

9. A simulated cigarette according to any preceding claim including
electrical supply means to supply power to the heater and/or the
indicator means, power supply switch means located adjacent the
second or mouthpiece end of the cigarette, said power supply
switch means being adapted to be activated by the lips of the user.

10. A simulated cigarette including a container formed of a porous
material for storing a liquid mixture, the container communicating
with a heater vapouriser via a series of apertures, said vapouriser
including a spirally wound electrical heater mounted on an electrical
insulating support, battery supply means for the heater, said heater
vapouriser communicating with a mouthpiece, whereby in use,
suction on the mouthpiece by the user causes air to be drawn
through the porous container for liquid, over the heated vapouriser,
into the mouthpiece and into the mouth of the user.

9 VPR Exhibit
2016
Page 361



PCT/US2005/046546

WO 2007/078273

1/2

(¢ O1d)
ANO M3IA

{5 o13)
v-¥ NO
NOLID3S

(9 91d)
g-a NO
NOLLD3S

Z 514 (€ O14)
X NO M3IA

At

(1 91d)
M3IA LNOYS

91 9 8

VPR Exhibit

2016
Page 362



WO 2007/078273
2/2

|
]
i

FIG 7 \m

PCT/US2005/046546

VPR Exhibit
2016
Page 363



INTERNATIONAL SEARCH REPORT

International  application No

PCT/US05/46546

A CLASSIHCA 110N OF SUBJECT MATTER
rPC N 24 F 01/24

USPC m/194.329,347

According to International Patent Classification (IPC) or to both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

US 131/194,329.347

Documentation searched other than minimum documentation

to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable,

search terms used)

C DOCUMDbNI S CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to clam No
X US 4,947, 874 A (BROOKS et al ) 14 August 1990 (14 08 1990), see entire document 1-5
Y 6-10

D Erther documents arc listed in the continuation of Box C

[]

See patent family annex

- Special categories of cited documents

A document deliningthc geneia state of the art which is not considered to be of
particular lelevance

E" «ai her application or patent published on or ifter the international fiing riitc

L*  document which mnj throw douhts on priority daunts) or which is cited to
establish the pnblicTtinn date of another citation o1 othci specia reason <d>
specified)

o document ivfen uig to aii ordl disclosure use exhibition or other means

document published prior to the international filing date but later than the
priority date claimed

T" later document published after the uUei nationa filing date or priority
date and not mconflict with the application but cited to understand the
principle or theory underlying the invention

"X document of particular relevance, the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

& document of particular relevance, the claimed invention cannot be
considered to involvean inventive step when the documentL is combined
with one or more other such documents, such combination being
obvious to aperson skilled mthe art

& document member of the same patent family

Date of the actual completion of the international search

22 Mav 2006 (22 05 2006)

Dale of mailing of the international search report

27 JUN 2008

Name and mailing address ot the ISA/US AuthorizZllr e . ,
N —— ¥
Mail Slop PCT. \lln 1SA/LS ) { ] - /
Commissioner tnr Patents Dionn 3 Walls Maves . LLL/ Lo X
PO Box 1450
\clind Ta Virginia 2231 3-1450 Telephone No (57 1) 272- 1700 Ao

facsmile No (571)271-3201

Form PCr I1SA.2 10 (second sheet) (April 2005)

VPR Exhibit

2016
Page 364



9/1/2021 WO02007131450A1 - Emulation aerosol sucker - Google Patents

WO02007131450A1

O
H

Emulation aerosol sucker

Abstract

WO02007131450A1
WIPO (PCT)

An emulation aerosol sucker includes a battery assembly, an atomizer assembly and a
cigarette bottle assembly. An external thread electrode is located in one end of battery
assembly. An internal thread electrode is located in one end of atomizer assembly. Said
battery assembly and said atomizer assembly are connected by the screwthread electrode. E Download PDF a Find Prior Art 3 Similar
Said cigarette bottle assembly is inserted into the other end of said atomizer assembly and

both form one cigarette type or cigar type body. Other languages: French, Chinese

Inventor: Lik Hon
Classifications

® A24F40/40 Constructional details, e.g. connection of cartridges and battery parts Worldwide applications

. L 2006 - €N 2007 - MX JP US TR PL HU WO MX PL BR BR

View 24 more classifications WO EP EP CA AU ES KR PL DK JP NZ HU EP EP €N KR MX
EA €A PL EP ES EA ES US CA KR DK NZ KR DK ES AU ER
2008 - ZAILILZA 2011 -US 2012 -JP 2013 - USUS
USJP 2014 -US 2015 -HKUSUSUSHK 2016 - US
USUS 2017 -US 2018 USUSUS 2020 - US US US US

Application PCT/CN2007/001576 events ®
2006-05-16 * Priority to CNU2006200908050U
2006-05-16 - Priority to CN200620090805.0
2007-05-15 * Application filed by Lik Hon
2007-11-22 + Publication of W02007131450A1

2009-09-07 - First worldwide family litigation filed @

Info: Patent citations (209), Non-patent citations (1), Cited
by (682), Legal events, Similar documents, Priority and
Related Applications

External links: Espacenet, Global Dossier, PatentScope,
Discuss

Claims Hide Dependent ~
Rights request

What is claimed is: 1. A simulated aerosol inhaler, comprising: a battery assembly, an atomizer assembly and a cigarette bottle assembly, the cigarette bottle
assembly comprising a liquid smoke bottle, the atomizer assembly comprising an atomizer, a cigarette bottle thereof The components are plugged into one end
of the nebulizer assembly to form a single cigarette or cigar type.

2. The simulated aerosol inhaler according to claim 1, wherein: one end of the battery assembly is provided with an externally threaded electrode, and one end of
the atomizer assembly is provided with an internally threaded electrode, and the two are connected by a threaded electrode. .

3. The simulated aerosol inhaler according to claim 1, wherein: the battery assembly comprises a battery, a MOSFET circuit board, a sensor, a first threaded
electrode, a first negative pressure cavity, and a first housing, One end of the housing is provided with an externally threaded electrode, and the other side is
connected to the battery and the MOSFET circuit board in turn, and a sensor is provided on the MOSFET circuit board.

4. The simulated aerosol inhaler according to claim 3, wherein: the battery assembly further comprises a silicone rubber corrugated diaphragm, and a silicone
rubber corrugated diaphragm is mounted between the first threaded electrode and the sensor, and the The first negative pressure port, the sensor is connected to
the silicone rubber corrugated diaphragm by a reed switch fixed thereto.

5. The simulated aerosol inhaler according to claim 3, wherein: the battery assembly further comprises an indicator light, the other end of the first housing is
provided with an indicator light, and one side of the cover is covered with an indicator cover, and the indicator cover There is a micro hole in the upper surface; an
MCU is added between the MOSFET circuit board and the sensor; and a display screen is added to the surface of the first housing.

6. The simulated aerosol inhaler according to claim 5, wherein: the MCU scans the sensor in a pulsed power saving mode, and implements an integral fus?tingE hbt
frequency versus single working time according to a signal parameter of the sensor. At the same time, the MCU completes the pulse width modulation an Xn101
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overdischarge protection for the current constant power output, the automatic cleaning function for thousands of operations per minute, the fade-in and fade-out
control of the indicator light, the number of operations and the battery capacity display, and the sensor malfunction. Automatic shutdown control; the indicator
lights are two red LEDs.

7. The simulated aerosol inhaler according to claim 3, wherein the sensor is a switch sensor made of an elastic alloy sheet, a linear output Hall device, a
semiconductor force sensitive chip, and a semiconductor matrix thermoelectric bridge chip. Or capacitive and inductive sensors.

8. A simulated aerosol inhaler according to claim 4 wherein said silicone rubber The corrugated diaphragm is made of a fluororubber, a nitrile rubber or an elastic
alloy film.

9. The simulated aerosol inhaler according to claim 3, wherein said externally threaded electrode is made of a stainless steel or brass plated gold plated open
hole; said battery is a lithium battery, said lithium battery being rechargeable A polymer lithium battery or a rechargeable lithium ion battery.

10. The simulated aerosol inhaler of claim 1 wherein said atomizer assembly comprises an internally threaded electrode, an atomizer and a second housing, one
end of the second housing being interposed with the cigarette holder assembly The other end is provided with an internally threaded electrode, and a second
negative pressure cavity is provided thereon.

11. The simulated aerosol inhaler of claim 3 wherein said atomizer assembly comprises an internally threaded electrode, an atomizer and a second housing, one
end of the second housing being interposed with the cigarette holder assembly The other end is provided with an internally threaded electrode, and a second
negative pressure cavity is provided thereon.

12. The simulated aerosol inhaler of claim 6 wherein said atomizer assembly comprises an internally threaded electrode, an atomizer and a second housing, one
end of the second housing being interposed with the cigarette holder assembly The other end is provided with an internally threaded electrode, and a second
negative pressure cavity is provided thereon.

13. The simulated aerosol inhaler of claim 7 wherein said atomizer assembly comprises an internally threaded electrode, an atomizer and a second housing, one
end of the second housing being interposed with the cigarette holder assembly The other end is provided with an internally threaded electrode, and a second
negative pressure cavity is provided thereon.

14. A simulated aerosol inhaler according to claim 10, 11, 12 or 13 wherein said atomizer assembly comprises a gas-liquid separator, the gas-liquid separator and
the atomizer in sequence with the internally threaded electrode Connection; an air intake channel is opened in the second housing.

15. The simulated aerosol inhaler according to claim 14, wherein said internally threaded electrode is made of a stainless steel or brass plated gold plated open
hole; said gas-liquid separator is made of stainless steel or plastic. to make.

16. The simulated aerosol inhaler according to claim 10, 11, 12 or 13, wherein the atomizer is a capillary immersion atomizer or a jet atomizer, and the atomizer is
provided with heating The spray atomizer has an injection hole.

17. The simulated aerosol inhaler according to claim 15, wherein the atomizer is a capillary immersion atomizer or a spray atomizer, and the atomizer is provided
with a heating body; There are spray holes on the device.

18. The simulated aerosol inhaler according to claim 16, wherein the injection hole is formed by foaming ceramic, microporous ceramic, foamed metal, stainless
steel fiber felt or chemical fiber. production.

19. The simulated aerosol inhaler according to claim 16, wherein the heating body is made of a nickel-chromium alloy wire, an iron-chromium-aluminum alloy wire
or a platinum wire electrothermal material on a microporous ceramic skeleton, or A porous body with a sintered electrode made directly of a conductive ceramic
or PTC ceramic material; the surface of the heating body is sintered into a high temperature glaze to fix the zeolite particles, and the zeolite particles are made of
natural zeolite, artificial inorganic microporous ceramic or alumina particles.

20. The simulated aerosol inhaler according to claim 3, wherein the cigarette bottle assembly comprises a liquid bottle, a fiber and a nozzle, and the fiber with the
liquid is contained at one end of the liquid bottle, the end Inserted in the second housing, abutting on the atomizer, the nozzle is located at the other end of the
liquid bottle, and an air suction channel is left between the fiber and the inner wall of the liquid bottle

21. The simulated aerosol inhaler according to claim 10, 11, 12 or 13, wherein said cigarette bottle assembly comprises a liquid liquid bottle, a fiber and a suction
nozzle, and the fiber with the liquid smoke is contained in the liquid smoke One end of the bottle is inserted into the second casing and abuts on the atomizer, and
the nozzle is located at the other end of the liquid bottle, and an air suction hole is left between the fiber and the inner wall of the liquid bottle.

22. The simulated aerosol inhaler according to claim 21, wherein: the liquid bottle and the nozzle are made of a non-toxic plastic: the fiber is made of
polypropylene fiber or nylon fiber.

The smog of 0. 1 - 3. 5 % of nicotine, 0. 05- 5 % Tobacco flavor, 0. 1-3% organic acid, 0. 1 - 0.5% stabilizer, the balance is propylene glycol.

Description

Simulated aerosol inhaler

This invention relates to an electron inhalation device, and more particularly to a simulated aerosol inhaler that does not contain tar and contains only

nicotine (nicotine). Background technique VPR EXhlblt
2016
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In today's "smoking is harmful to health" has become common sense, there are still 1 billion people worldwide who smoke, and this number is still
expanding every year. The first international non-smoking agreement, the Framework Convention on Tobacco Control, adopted by the World Health
Organization (WHO) on March 1, 2003. According to figures provided by the WHO, smoking causes 4.9 million deaths each year, although smoking can
cause severe breathing. Systemic diseases and cancers make it extremely difficult for smokers to quit completely.

The active ingredient of cigarettes is nicotine (ie, nicotine). When smoking, nicotine is rapidly absorbed into the alveoli after a large amount of tar droplets
generated by burning cigarettes. Nicotine is absorbed into the blood and acts on the receptors of the central nervous system. A "intoxication" that causes
stimulants, such as the feeling of dizziness or swaying experienced by smokers.

Nicotine is a small molecule alkaloid that is essentially harmless to humans in small doses and has a very short half-life in the blood. The harmful
substances of tobacco are mainly tar. Tobacco tar is composed of thousands of ingredients, dozens of which are carcinogens. Passive smoking has been
shown to be more harmful to non-smokers.

In order to find cigarette substitutes that contain only nicotine and do not contain tar, many inventions are made with relatively pure nicotine such as "quit
smoking sticks", "nicotine containing water", "packaging in high pressure with propellant”. Gas tank sprays, "nicotine chewing gum’", "nicotine beverage" and
other products, although these products do not have the harm of tar, but due to the slow absorption of nicotine, can not establish an effective peak
concentration in the blood, can not solve the demand for nicotine The feeling of "addictiveness" also deprives smokers of the habit of "sucking" and

"sucking", so similar products cannot be used as smoking cessation supplies or cigarette substitutes.
Summary of the invention

SUMMARY OF THE INVENTION It is an object of the present invention to provide a simulated aerosol inhaler having the function of smoking cessation and
cigarette replacement, which can be viewed as a liquid particulate suspended in air for the present application.

The technical solution of the present invention is that the application number of the inventor applied for at the China Intellectual Property Office on April
14,2000 is: 200420031182. 0 The international application number is: PCT / CN2005 / 000337 The utility model name is "Atomized Electronic Cigarette"
Further innovative inventions of patents.

The object of the present invention is achieved by the following technical solutions: The present invention comprises a battery assembly, an atomizer
assembly and a cigarette bottle assembly, the battery assembly is connected to one end of the atomizer assembly, and the cigarette bottle assembly is
inserted in the atomizer assembly At the other end, they form a cigarette or cigar-type whole.

Wherein: one end of the battery assembly is provided with an externally threaded electrode, and one end of the atomizer assembly is internally threaded An
electrode, the two are connected by a threaded electrode, the battery component comprises an indicator light, a battery, a MOSFET circuit board, a sensor,
a silicone rubber corrugated diaphragm, a first threaded electrode, a first negative pressure cavity and a first housing, the first housing One end is provided
with an externally threaded electrode, the other end is provided with an indicator light, one side is covered with a light cover, the indicator cover is provided
with a micro hole, the other side is connected to the battery and the MOSFET circuit board in turn, and the MOSFET circuit board is provided with a sensor.
A silicone rubber corrugated diaphragm is mounted between the first threaded electrode and the sensor, and a first negative pressure cavity is opened
thereon, and the sensor is connected to the silicone rubber corrugated diaphragm through a reed switch fixed thereto; on the MOSFET circuit board An
MCU is disposed between the sensor; a display screen is added to the surface of the first casing; the MCU scans the sensor in a pulse-saving mode, and
realizes an integral function of frequency to a single working time according to the signal parameter of the sensor. At the same time, the MCU completes
the pulse width modulation and over-discharge protection for the current constant power output, and the automatic cleaning function for each thousand
operations Control of light fade-out control, work frequency and battery capacity display, automatic recovery of sensor malfunction and shutdown; the
sensor can be a switch sensor made of elastic alloy sheet, a linear output Hall device, a semiconductor force sensitive chip, a semiconductor a matrix
thermoelectric bridge chip or a capacitor and an inductive sensor; the indicator light is two red light emitting diodes; the silicone rubber corrugated
diaphragm may also be made of a fluororubber, a nitrile rubber or an elastic alloy film; The stainless steel or brass piece is made of a gold plated open hole;
the battery is a lithium battery, the lithium battery is a rechargeable polymer lithium battery or a rechargeable lithium ion battery; the atomizer assembly
includes an internally threaded electrode, a gas-liquid separator, an atomizer and a second casing, one end of the second casing is inserted into the
cigarette bottle assembly, and the other end is provided with an internally threaded electrode, and the second negative pressure cavity is provided thereon,
and the gas-liquid separation And the atomizer are sequentially connected with the internal thread electrode; the second housing has an air inlet channel;
the internal thread electrode is made of stainless steel or brass plated gold plated open hole; The liquid separator is made of stainless steel or plastic
opening; the atomizer can be a capillary immersion atomizer or a spray atomizer, and the atomizer is provided with a heating body; the spray atomizer is
opened a spray hole; the spray hole is made of a foamed ceramic, a microporous ceramic, a foamed metal, a stainless steel fiber felt or a chemical fiber;
and the heating body is made of a nickel-chromium alloy wire wound on a microporous ceramic skeleton. Made of electrothermal material such as iron-
chromium-aluminum alloy wire or platinum wire, or directly made of conductive ceramic or PTC ceramic material with a sintered electrode; the surface of
the heating body is sintered into a high-temperature glaze to fix the zeolite particles, and the zeolite particles are Made of natural zeolite, artificial inorganic
microporous ceramic or alumina particles; the cigarette bottle assembly comprises a liquid bottle, a fiber and a nozzle, and the fiber with the liquid is
contained at one end of the liquid bottle, and the end is inserted The second casing is abutted on the atomizer, and the nozzle is located at the other end of
the liquid bottle, and an air suction hole is left between the fiber and the inner wall of the liquid bottle; the liquid bottle and the nozzle are non-toxic. Made of
plastic: the fiber is made of polypropylene The smoky liquid used for atomization in the fiber contains 0.1 to 3.5% nicotine, 0.05 to 5% of tobacco flavor, 0.1
to 3% organic Acid, 0. 1 - 0.5% stabilizer, the balance is propylene glycol; the inhaler and its connection structure can be loaded into a conventional drug as
an intrapulmonary inhalation drug delivery device.

The advantages and positive effects of the invention are as follows: the invention has no tar burning, greatly reduces the risk of cancer, the user still has
the feeling and excitement of smoking, no need to ignite, no fire hazard. Device and connection of the present invention The connection structure can be
loaded with a conventional drug as an intrapulmonary inhalation drug delivery device.

DRAWINGS

VPR Exhibit
2016
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2A is a schematic structural view of a battery assembly of the present invention;

2B is another schematic structural view of a battery assembly of the present invention;

Figure 3 is a schematic view of the atomizer assembly of the present invention;

Figure 4 is a schematic view of the cigarette bottle assembly of the present invention;

Figure 5A is a schematic view showing an internal structure of the present invention;

Figure 5B is a schematic view showing another internal structure of the present invention;

6 is a schematic structural view of a charger of the present invention;

7 is a circuit schematic diagram of an MCU and a MOSFET of the present invention;

Figure 8 is a schematic structural view of a capillary immersion atomizer of the present invention;

Figure 9 is a left side view of Figure 8;

Figure 10 is a schematic structural view of a spray atomizer of the present invention;

Figure 11 is a left side view of Figure 10:

Figure 12 is a schematic view showing the structure of the cigar-shaped outer shape of the present invention.
detailed description

The invention will be further described in detail below with reference to the accompanying drawings.
Example 1

As shown in FIG. 1, the appearance of the present invention is similar to that of a cigarette inserted into a cigarette holder, including a battery assembly,

, the atomizer assembly and the cigarette bottle assembly, one end of the battery assembly is provided with an externally threaded electrode 209, and one
end of the atomizer assembly is provided with an internally threaded electrode 302, which is connected by a threaded electrode to form a simulated
cigarette body, and the cigarette bottle assembly is inserted Connected to the other end of the nebulizer assembly to form a cigarette-type simulated
aerosol inhaler.

As shown in FIG. 2A, the battery assembly includes an indicator light 202, a lithium battery 203, a MOSFET circuit board 205, a sensor 207, a silicone
rubber corrugated diaphragm 208, a first threaded electrode 209, a first negative pressure chamber 210, and a first housing 211. One end of the first
housing 211 is provided with an externally threaded electrode 209, and the other end is provided with an indicator light 202, one side of which is covered
with an indicator cover 201, the indicator cover 201 is provided with a micro hole 501, and the other side is connected with a lithium battery 203 in
sequence. And a MOSFET (Metal Oxide Semiconductor Field Effect Transistor) circuit board 205, the MOSFET circuit board 205 is provided with a sensor
207, and a silicone rubber corrugated diaphragm 208 is mounted between the first screw electrode 209 and the sensor 207, and the first one is opened
thereon. The negative pressure port 210, the sensor 207 is connected to the silicone rubber corrugated diaphragm 208 by a reed switch 212 attached
thereto.

Wherein: the sensor 207 can be a switch sensor made of an elastic alloy sheet, a linear output Hall device, a semiconductor force sensitive chip, a
semiconductor matrix thermobridge chip or a capacitive and inductive sensor. The indicator light 202 is two red light emitting diodes. The lithium battery
203 can be a rechargeable polymer lithium battery or a rechargeable lithium ion battery. The externally threaded electrode 209 is made of a stainless steel
or brass plated gold plated opening. The silicone rubber corrugated diaphragm 208 can also be made of a fluororubber, a nitrile rubber or an elastomeric
alloy film. As shown in FIG. 3, the atomizer assembly includes an internally threaded electrode 302, a gas-liquid separator 303, an atomizer 307, and a
second housing 306. One end of the second housing 306 is inserted into the cigarette holder assembly, and the other end is connected. An internal
threaded electrode 302 is disposed on which a second negative pressure cavity 301 is disposed, and the gas-liquid separator 303 and the atomizer 307 are
sequentially connected to the internal thread electrode 302; and the second housing 306 is provided with an intake port. 502. Wherein: the gas-liquid
separator 303 is made of stainless steel or plastic opening; the internal thread electrode 302 is made of stainless steel or brass plated gold plated open
holes.

The atomizer 307 can be a capillary immersion atomizer as shown in Figs. 8 and 9, or as a jet atomizer as shown in Figs. This embodiment is a jet
atomizer.

As shown in FIG. 4, the cigarette bottle assembly includes a liquid liquid bottle 401, a fiber 402, and a suction nozzle 403. The fiber 402 with the liquid
smoke is accommodated at one end of the liquid liquid bottle 401, and the end is inserted into the second housing 306. Abutting on the atomizer 307, the
suction nozzle 403 is located at the other end of the liquid medicine bottle 401, and an air suction hole 503 is left between the fiber 402 and the inner wall
of the liquid medicine bottle 401.

As shown in FIG. 5A, the standby state of the present invention is to screw the fully charged battery assembly shown in FIG. 2A onto the atomizer

assembly shown in FIG. 3, and then insert the cigarette bottle assembly shown in FIG. . When the user gently sucks the nozzle 403, the suction hole 503

and the first and second negative pressure chambers 210, 301 form a negative pressure on the silicone rubber corrugated diaphragm 208, and the silicone

rubber corrugated diaphragm 208 is in the suction pressure difference. The deformation causes the reed switch 212 and the sensor 207 to activate the

MOSFET circuit board 205. At this time, the indicator light 202 is gradually illuminated, and the lithium battery 203 supplies power to the heating body 305

in the atomizer 307 through the MOSFET circuit board 205 and the inner and outer thread electrodes 302, 209, so that the heating body 305 in the atomizer VPR EXhlblt
307 is generated. Heat. The fiber 402 in the liquid bottle 401 contains the liquid smoke, and the liquid smoke infiltrates the microporous ceramic 801 in the 20 1 6
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atomizer through the fiber 402; the air enters through the air inlet 502, passes through the vent hole in the gas-liquid separator 303, and is in the mist. A
gas-liquid mixture is formed in the injection hole 304 of the chemicalizer 307, and the gas-liquid mixture is sprayed onto the heating body 305 to be
vaporized, and is quickly condensed into an aerosol by the gas stream of the suction gas, and is sucked into the white mist by the suction nozzle 403
through the suction hole 503. Aerosol.

When the inhalation is stopped, the reed switch 212 and the sensor 207 are reset, the atomizer 307 is stopped, the indicator light 202 is gradually
extinguished, and when the number of operations reaches a preset value, the atomizer 307 is operated for 5 to 20 seconds. To clean a trace of scale on the
heating body 305.

The liquid supply material of the atomizer 307 may be selected from the group consisting of foam ceramics, microporous glass, foamed metal, stainless
steel fiber felt, polyester fiber, nylon fiber, acrylic fiber, aryl fiber or rigid porous plastic. The heating body 305 can be made of an electrothermal material
such as a nickel-chromium alloy wire, an iron-chromium-aluminum alloy wire, a platinum wire or the like on a microporous ceramic skeleton, or a
conductive ceramic or a PTC (positive temperature coefficient thermal ceramic) material. A porous body of the sintered electrode. The surface of the
heating body 305 is sintered into a high temperature glaze to fix the zeolite particles, and the zeolite particles are made of natural zeolite, artificial inorganic
microporous ceramic or alumina particles. The liquid liquid bottle 401 and the suction nozzle 403 in the cigarette bottle assembly are made of non-toxic
plastic, and the fiber 402 made of polypropylene fiber or nylon fiber is adhered to adsorb the smoke liquid. In the battery assembly, the indicator cover 201
is provided with micro holes 501 for balancing the pressure difference across the silicone rubber corrugated diaphragm 208. 5%f98#1#. 0.1-3.5 % of
the organic acid, 0. 1~0. Stabilizer, the balance is propylene glycol.

The first and second outer casings 211, 306 of the present invention are made of stainless steel tubes or copper alloy tubes, and are decorated with the
paint color of the real cigarette.

As shown in FIG. 12, the present invention can also proportionally enlarge the diameter of the battery assembly to match the diameter of the atomizer
assembly, and decorate the outer shell with plant vein texture and matt brown paint to become a cigar type simulation. Aerosol inhaler.

The recharging of the lithium battery 203 of the present invention can be interfaced by using the threaded electrode 601 shown in Fig. 6 with the externally
threaded electrode 209 on the battery pack.

Example 2

As shown in FIG. 2B, the difference between the embodiment and the embodiment 1 is that an MCU 206 is disposed between the MOSFET circuit board
205 and the sensor 207. The display surface 204 of the first housing 211 is provided for displaying lithium. The amount of electricity of the battery 203 and
the number of times of smoking.

As shown in FIG. 5B, the standby state of the present invention is to screw the fully charged battery assembly shown in FIG. 2B onto the atomizer
assembly shown in FIG. 3, and then insert the cigarette bottle assembly shown in FIG. . When the user gently sucks the nozzle 403, the suction hole 503
and the first and second negative pressure chambers 210, 301 form a negative pressure on the silicone rubber corrugated diaphragm 208, and the silicone
rubber corrugated diaphragm 208 is in the suction pressure difference. The deformation causes the reed switch 212 and the sensor 207 to activate the
MCU 206 and the MOSFET circuit board 205. At this time, the indicator light 202 is gradually illuminated, and the lithium battery 203 supplies power to the
heating body 305 in the atomizer 307 through the MOSFET circuit board 205 and the inner and outer thread electrodes 302, 209, so that the heating body
305 in the atomizer 307 is generated. Heat. The fiber 402 in the liquid liquid bottle 401 contains the liquid smoke, and the liquid smoke infiltrates the
microporous ceramic 801 in the atomizer through the fiber 402, and the air enters through the air inlet channel 502 through the vent hole in the gas-liquid
separator 303 in the mist. A gas-liquid mixture is formed in the injection hole 304 of the chemicalizer 307, and the gas-liquid mixture is sprayed onto the
heating body 305 to be vaporized, and is quickly condensed into an aerosol by the gas stream of the suction gas, and is sucked into the white mist by the
suction nozzle 403 through the suction hole 503. Aerosol.

As shown in Fig. 7, when the inhalation action causes the sensor to start, the MCU 206 scans the sensor 207 in a pulsed power saving mode, and based
on the signal parameter of the sensor 207, realizes the atomization dose limitation by the integral function of the frequency for a single working time. At
the same time, MCU206 completes the pulse width modulation and over-discharge protection for the constant power output of the power supply, the
automatic cleaning function for thousands of operations per minute, the fade-in and fade-out control of the indicator light, the number of working times
and the battery capacity display, the self-recovery of the sensor malfunction and shutdown, etc. control function.

The device and the connection structure of the present invention can also be incorporated into a conventional drug as an intrapulmonary inhalation drug

delivery device. In addition, the above description of the specific embodiments and application examples of the present invention are not intended to limit
the scope of the present invention, and equivalent changes or modifications made in accordance with the design spirit of the present invention should be
considered as falling. It is within the scope of protection of the present invention.
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US4945929A * 1986-06-18 1990-08-07 British-American Tobacco Aerosol device simulating a smoking article
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Noncombustible electronic atomized cigarette
Electronic nonflammable spraying cigarette
Electronic cigarette

Atomized electronic cigarette

Atomizing electronic pipe

Vaporizing unit fob therapeutic

Electric battery.

Vaporizing device.

Electric vaporizer

Therapeutic apparatus

Means for the production and inhalation of tobacco fumes
Vapor generation and puffing with audible effects in toys

Improvements in or relating to inhalers for analgesic or
anaesthetic purposes

Electrical heating element

Vaporizer

Device for generating steam, in particular for use with a toy
Smokeless non-tobacco cigarette

Rechargeable flashlight-directly accessible batteries
Apparatus for vaporizing chemicals and perfumes by heating
Breath operated device

Electric heater for heating fluids flowing longitudinally
therethrough

Portable hand-operated pressing device for clothing or the like

Cigarette holder

Aerosol compositions

Smoking device

Toothpaste holder and dispenser

Porcupine wire coil electric resistance fluid heater

Simulated smoking device

CIGARETTE OR CIGARETTE REPLACEMENT WITH CIGARETTE
OR CIGARTIP

Diver's flashlight

Apparatus for the treatment of the respiratory tract
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SUBJECTS AND DEVICE FOR THIS

Inhaler device

DEVICE FOR THE DEWNING OF EATING, DRINKING, SMOKING
AND / OR ADDICTIVE Habits

Smoking article with tobacco jacket

Aerosol flavor delivery system

Thermal ink jet pen body construction having improved ink
storage and feed capability

Dosing device to provide vaporized medicament to the lungs as a
fine aerosol

Electrically operated simulated cigarette

Aerosol delivery article

Smoking device

Method for preventing gas pool

Smoking article
Thermally releasable flavor source for smoking articles
Bubble jet printer head with improved operational speed

Flavor delivery articles utilizing electrical energy

Smoking articles utilizing electrical energy

Aerosol delivery articles utilizing electrical energy

Drug delivery articles utilizing electrical energy

Memory cartridge for a circuit board module

Cigarette with electronic device
Ventilating system for respiration of a patient

Simulated smoking device

Flavor-delivery article
Flavor generating article

Electrically-powered heating element

Porous ceramic body electrical resistance fluid heater VPR EXhlblt
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Multi-pin electrical connector with floating terminal pins

Substrate material for smoking articles

Telescopic plug for charging
Flavor generating article
Flexible wiring board

FOERVARINGS- OCH TRANSPORTFOERPACKNING AV PLAST
Foer LOESPATRONER.

Electrical smoking system for delivering flavors and method for
making same

Electrical smoking article and method for making same

Heater for use in an electrical smoking system
Electrical smoking
Inductive heating systems for smoking articles

Efficient fluid dispensing utensil

Control device for flavor-generating article

Tobacco smoking article with electrochemical heat source

Instrument handle for use with interchangeable batteries
Smoke generating device

A nebuliser and nebuliser control system

Heater for an electric flavor-generating article

Smokeless suction and intake implement and method for
cigarette or chemical component

Method and devices for delivering drugs by inhalation
Small form factor atomizer

Method and apparatus for controlling the supply of energy to a
heating load in a smoking article

Smoking apparatus-|

Electrical smoking article using liquid tobacco flavor medium
delivery system

Dispenser

Smoke or inhalation device
Ink tank

Device for enhancing moisture content of inspired air in a closed
respiratory system

Nicotine oral delivery device

Toy vehicle
Wireless selective call receiver VPR EXhlblt
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Method of attaching a semiconductor microchip to a circuit
board

Nicotine inhalator

Inhaler

Atomized cigarette

Aerosol and a method and apparatus for generating an aerosol
Multi-port fluid valve

Flavor generating product and flavor generating tool
FLAVORED ARTICLE

Device for the delivery of nebulised substances to induce drug
cessation and in particular from smoking and to cure

Power controller and method of operating an electrical smoking
system

Electronic smoking system
Combustion appliances for liquid fuel

Method and apparatus for using, cleaning, and maintaining
electrical heat sources and lighters useful in smoking systems
and other apparatuses

Smokeless method and article utilizing catalytic heat source for
controlling products of combustion

Electronic controlled cigarette holder
Flavor generator
Healthy cigarette

Media compatible pressure sensor

Aerosol-delivery smoking article

Liquid odour type cigarette

Smoking method

Vaporization of volatile materials

Aerosol generator and methods of making and using an aerosol
generator

Inhalable aerosol delivery system

Cigarette substitute device and composition for use therein
Ultrasonic nebuliser

Piezo inhaler

Smokable product

Breathing humidifier

System for effecting smoke cessation

Two-piece smoking pipe vaporization chamber with directed heat
intake

Liquid atomization methods and devices
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Variable temperature vaporizer

Process for the production of phenol

System for providing enjoyment similar to enjoyment obtained by
smoking comprises cigarette-sized inhalation device, portable
filler unit and stationary filler unit for filling portable filler units

Aerosol generator having inductive heater and method of use
thereof

Device for generating fog / smoke
Method and apparatus for generating a volatilized material

Method at the spray head and at the spray head

Smoking article using steam as an aerosol-generating source
Non-combustible smoking device and fuel element

Aerosol generator having heater arranged to vaporize fluid in fluid
passage between bonded layers of laminate

New formulation and use and manufacture thereof

Method and system for vaporization of a substance

Flashlight using a light emitting diode as a lamp
Dispensing device

Aerosol generator for drug formulation and methods of
generating aerosol

New formulation and use thereof

Electrically heated smoking system and methods for supplying
electrical power from a lithium ion power source

Electrochemical sensor for the analysis of carbon dioxide gas
Device for weaning an addiction

Electrically heated cigarette smoking system with internal
manifolding for puff detection

Respiratory monitoring systems and methods

Methods for fluid separations, and devices capable of separating
fluids

Container comprising nicotine and the use and manufacture
thereof

Incombustible electronic atomized cigarette
Nicotine suction pipe and nicotine holder
Non-combustible electronic spray cigarette
Non-combustible electronic spraying cigarette
Sensory smoking simulator

Electrically heated cigarette smoking system
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Portable vaporizer

Pressure sensor

Smoking cessation devices, methods of use and methods of
conducting business therewith

Cosmetic dispenser housing and method

Separator for nonaqueous electrolyte battery and nonaqueous
electrolyte battery

A device for vaporising vaporisable matter

Organic compounds

Improved capillary force vaporizer

Method and system for vaporization of a substance
A pure cigarette

No-tar electronic smoking utensils

SUBSTITUTE OF CIGARETTE

Electronic cigarette

Re-usable part for smoke-free cigarette, has filament preheated
by attaching filter, where filament is brought to operating
temperature, when pulling on entire construction of cigarette

Simulation aerosol inhaler

Tobacco-containing smoking article

Absorbing atomization device

Device for feeding drug into pulmones

Disposable electric purified cigarette

A computerized healthy smoking device

Electronic liquid cigarette

Smoke-free cigarette substitute

Artificial smoke cigarette

Electronic evaporable substance delivery device and method
Smoking device, charging means and method of using it

Electronic cigarette having nanometer sized hyperfine space
warming atomizing functions

Electronic cigarette

Aerosol devices and methods for inhaling a substance and uses
thereof

Electronic simulation cigarette and associated nebulizing liquid,
smoking device for the electronic, simulated cigarette with

associated liquid capsule
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portion

Aerosol dispensing device

A method and apparatus relating to electronic smoking-
substitute devices

Inhaler, comprising a hydrogen generator
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High-simulation electronic cigarette

Personal inhalation devices

Device for delivering nicotine
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An article including identification information for use in an
electrically heated smoking system

Electronic smoking device

Aerosol electronic cigarette

Improved spray electronic cigarette
Electronic smoking article
Mouthpiece of a smoking article
Electronic smoking article

Electrically heated smoking system having a liquid storage
portion

Vapor delivery devices and methods
Electronic cigarette

Electrically heated smoking system with internal or external
heater

Aerosol-generating system with improved air flow control
Aerosol-generating system comprising cartridge detection

Aerosol-generating system comprising multi-purpose computing
device

Electronic smoking article and improved heater element

Heat insulated apparatus for heating smokable material

Medicant delivery system

Heating smokable material

Smoking system having a liquid storage portion
Electrically heated smoking system
Electronic smoking article

Heating smokable material

Electronic cigarette
Cartomizer structure for automated assembly
Medicant delivery system

Aerosol-generating system and method for controlling the same

Aerosol-forming cartridge comprising a tobacco-containing
material

Aerosol-forming cartridge comprising a liquid nicotine source

Methods and devices for compound delivery

Aerosol-generating article and electrically operated system
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Smoking article

Aerosol-forming article comprising magnetic particles

Aerosol generating device
Electronic vaping device mouthpiece
Electronic smoking article

Atomizer for a personal vaporizing unit

Electronic vaporizer

Reservoir for aerosol delivery devices

E-vaping device cartridge holder
Combined cartridge for electronic vaping device
Multiple dispersion generator e-vaping device

Methods to add menthol, botanic materials, and/or non-botanic
materials to a cartridge, and/or an electronic vaping device
including the cartridge

Cartridge for electronic vaping device

Aerosol-forming cartridge with protective foil

Heating smokeable material

Aerosol-generating system comprising a removable heater

Heating smokeable material

Apparatus for heating smokeable material

Devices for vaporization of a substance
Fillable vaporizer cartridge and method of filling
Method and system for vaporization of a substance

Tobacco-containing smoking article

Smoking tool

Aerosol devices and methods for inhaling a substance and uses
thereof

Electronic vaporizing devices and docking stations

A flow sensor system

A method and apparatus relating to electronic smoking-substitute
devices

Inhaler

INHALER
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E-Cigarette With Vitamin Infusion

Heating atomization electronic-cigarette adopting capacitor for
power supply

Personal inhalation devices
High-frequency induction atomizing device
Electronic cigarette

ELECTRONIC CIGARETTE WITH ATOMISER INCORPORATED IN
THE FAILED FILTER.

Electronic cigarette

Electronic smoke

Electronic smoke apparatus
FLAT EVAPORATOR

Electronic cigarette atomization device

Personal vaporizing inhaler with mouthpiece cover

Data logging personal vaporizing inhaler
Vaporizer configuration, control, and reporting
Solderless directly written heating elements

Atomizer-vaporizer for a personal vaporizing inhaler

Personal vaporizing inhaler cartridge

Solderless personal vaporizing inhaler

Assembly directed airflow

Vaporizer related systems, methods, and apparatus

Volume liquid storage reservoir in a personal vaporizing inhaler

Activation trigger for a personal vaporizing inhaler

Power supply device for electronic cigarette

Tobacco juice atomization device for electronic cigarette
Electric inhaler

Inhalation device that includes substance use controls
Electronic cigarette with function illuminator

Oral-suction type portable atomizer

An electrically heated smoking system comprising at least two
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Electronic cigarette with integrated charging mechanism

Inhaling device

An aerosol generating system with provention of condensate
leakage

An electrically heated aerosol generating system having improved
heater control

An aerosol generating system with leakage prevention

Electronic cigarette

An aerosol generating system having means for determining
depletion of a liquid substrate

Electronic cigarette refilling apparatus
Electronic vapor inhaling device

Herbal vaporization apparatus and method
Electronic cigarette

Inhaler component

Supplying Block for Supplying Nicotine Solution in Electric
Cigarette

Medical vaporizer and method of monitoring of a medical
vaporizer

BATTERY CONNECTOR FOR ELECTRONIC CIGARETTE WITH SIDE
AIR INTAKE

Formulation and method to induce a deep state of relaxation
Atomization nozzle of electronic atomization inhaler
Padded cartridge for an electronic smoking apparatus

Breathing pipe with compartment having moutpiece and fan
drivingly connected to a fan in another separated compartment to
force air with active substance to outlet, typically near users nose
to avoid nuisance to others

Alkaloid composition for e-cigarette
Electronic cigarette with liquid reservoir
INHALATORKOMPONENTE

Smoking articles and use thereof for yielding inhalation materials

Portable electronic vapor-producing device and method

Conductive composite wick and method of making and using the
same

Low temperature electronic vaporization device

Heating smokeable material

Insulating

Permeable electric heat resistant foil for evaporating liquids out

of disposable mouthpieces with evaporator nozzles

INHALATORKOMPONENTE
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Electronic vaporizer that simulates smoking with power control
Smoking article having a liquid supply material.

Smoke test equipment

Smoke generator for smoke test equipment, smoke test
equipment and smoke test method

Ejector for an aerosol-generating device
ELECTRONIC CIGARETTE
Electronic cigarette with built-in atomizer

Aerosol generating device with air ventilation nozzles

Inhalator generator with internal heater

An aerosol generating device with a capillary interface

An electronic vaporisation cigarette

Charging electronic cigarette

Electronic cigarette suction nozzle

Electronic aerosol generating smoking device
Contact charging device for electronic cigarette

Method and apparatus for cleaning a heating element of aerosol-
generating device

Aerosol generating device with air flow detection

Elongate aerosol-generating device and system

Non-rolling aerosol-generating device and system

Polygonal aerosol-generating device and system

Cartridge of electric cigarette for preventing leakage

Heating element atomizer, and electronic simulation cigarette for
use in atomization

Electronic cigarette atomizer structure including differential
heating part and crucible

Medical vaporizer with porous vaporization element
Electronic cigarette container
Electronic cigarette having a flexible and soft configuration

Smoking article incorporating a conductive substrate

Electronic cigarette and suction nozzle thereof
Electronic cigarette

Smog generating device

Electronic cigarette

Electronic cigarette with sealed cartridge
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heating element about a substantially continuous wick
Electronic cigarette and electronic cigarette device thereof

Wick suitable for use in an electronic smoking article

Electronic coal
Spring loaded rechargeable battery assembly

A smoking device and a component for a smoking device

Minitype atomization heater using heat energy generated by
electronic component under excess-rated power

Heating control method and device for electronic cigarette

Spent cartridge detection method and system for an electronic
smoking article

Electronic smoking article having a vapor-enhancing apparatus
and associated method

Electronic smoking article with improved storage and transport of
aerosol precursor compositions

Atomizer for an aerosol delivery device formed from a
continuously extending wire and related input, cartridge, and
method

Atomiser for aerosol delivery device and related workpiece,
aerosol production assembly, cartridge and method

Cartridge and control body of an aerosol delivery device including
anti-rotation mechanism and related method

Heating elements formed from a sheet of a material and inputs
and methods for the production of atomizers

Cartridge for an aerosol delivery device and method for
assembling a cartridge for a smoking article

Electronic smoking article
Smoke forming system with replaceable mouthpiece cover

Heating control arrangement for an electronic smoking article
and associated system and method

Electronic cigarette

ELECTRONIC CIGARETTE OR AEROSOL OF THE TYPE WITH A
DISPOSABLE CARTRIDGE

Electronic cigarette

Electronic cigarette and circuit thereof

Portable vaporizer with central pin heater having heat diffuser-
mixer blades

Electronic cigarette built in power supply rod

Electronic smoking substitutive device

Method for producing component of luxury product including
flavor component and component of luxury product including
flavor component

Electronic cigarette
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GB2513638A 2013-05-02 2014-11-05 Nicoventures Holdings Electronic cigarette
Ltd
GB2513639A 2013-05-02 2014-11-05 Nicoventures Holdings Electronic cigarette
Ltd
WO02014182736A1 2013-05-06 2014-11-13 Ploom, Inc. Nicotine salt formulations for aerosol devices and methods
thereof
CN203327951U * 2013-05-07 2013-12-11 B S TR BRAE Electronic cigarette atomizer structure and electronic cigarette
CN103504478B * 2013-05-07 2016-01-27 W E TR ERAT Electronic smoke atomizer and electronic cigarette
WO02014183283A1 * 2013-05-15 2014-11-20 ShERREBROERA Electronic cigarette
=
CA2910549A1 * 2013-05-21 2014-11-27 Philip Morris Products Electrically heated aerosol delivery system
S.A.
W02014190500A1 * 2013-05-28 2014-12-04 EHEHRIEROERA Apparatus and method for efficient charging of electronic
il cigarettes
US20140355969A1 * 2013-05-28 2014-12-04 Sis Resources, Ltd. One-way valve for atomizer section in electronic cigarettes
PL2810570T3 * 2013-06-03 2019-06-28 Fontem Holdings 1 B.V. System with electronic smoking device and capsule
GB2514893B 2013-06-04 2017-12-06 Nicoventures Holdings Container
Ltd
EP3007306A4 * 2013-06-05 2017-01-18 Kimree Hi-Tech Inc. Electronic cigarette charging method and electronic cigarette
case
CN105473012B 2013-06-14 2020-06-19 RIS =ERAT) Multiple heating elements with individual vaporizable materials in
electronic vaporization devices
GB201311620D0 2013-06-28 2013-08-14 British American Tobacco Devices Comprising a Heat Source Material and Activation
Co Chambers for the Same
US10251422B2 * 2013-07-22 2019-04-09 Altria Client Services Llc Electronic smoking article
UsS10010109B2 2013-07-24 2018-07-03 Altria Client Services Llc Electronic smoking article with alternative air flow paths
US20150027468A1 * 2013-07-25 2015-01-29 Altria Client Services Inc. Electronic smoking article
US10694782B2 2013-07-30 2020-06-30 Altria Client Services Llc Electronic vaping device and vapor generating apparatus
CN203378561U * 2013-07-31 2014-01-08 XUFKER Electronic cigarette
FR3009164B1 * 2013-08-05 2016-07-01 Maxime Taglione CONTACT DEVICE FOR ELECTRONIC CIGARETTE.
CN203424294U * 2013-08-14 2014-02-12 XUEKBB Electronic cigarette
W02015021656A1 * 2013-08-16 2015-02-19 EEEHRIEBROERA Battery assembly and electronic cigarette manufactured by using
il battery assembly
W02015021659A1 * 2013-08-16  2015-02-19 PR AL TR N Battery component and electronic cigarette
a
W02015021653A1 2013-08-16 2015-02-19 EEEHREBROERA Battery assembly and electronic cigarette
=
CN203434223U * 2013-08-16 2014-02-12 XUEKBB Electronic cigarette package, electronic cigarette as well as
battery assembly thereof
CN203424299U * 2013-08-16 2014-02-12 XUEKBE Electronic cigarette set, electronic cigarette, battery assembly of
electronic cigarette and charging structure of electronic cigarette
CN203482897U * 2013-08-22 2014-03-19 XURKAA Electronic cigarette
US10172387B2 2013-08-28 2019-01-08 Rai Strategic Holdings, Carbon conductive substrate for electronic smoking article
Inc.
CN105682724A * 2013-08-29 2016-06-15 SISIRAEIRAS) Electronic smoking device configured for automated assemblii I
VPR Exhibit
GB2518598B 2013-08-30 2016-06-01 Nicoventures Holdings Apparatus with battery power control 20 1 6
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Electronic cigarette and battery assembly thereof
Electronic cigarette case

Battery rod assembly, electronic cigarette, and electronic
cigarette charging apparatus

Electronic cigarette

Electronic cigarette

Non-combustion-type fragrance extractor

Accessory for an aerosol delivery device and related method and
computer program product

Electronic cigarette with encoded cartridge
Electronic cigarette

The match control method of electronic cigarette and its battery
bar assembly and atomizer assembly

Electronic cigarette and assembly method thereof

MODIFIED ELECTRONIC CIGARETTE AND ITS USE FOR MEDICAL
APPLICATIONS

Aerosol delivery device including a pressure-based aerosol
delivery mechanism

Electronic cigarette

Mouthpiece for smoking article

Mouthpiece for smoking article

Battery portion for a vaporizer
Vaporizer

Cartomizer for a vaporizer
Vaporizer with cover sleeve

Systems and methods for a vaporization device and product
usage control and documentation

Packaging assembly

Reservoir housing for an electronic smoking article

Nicotine liquid formulations for aerosol devices and methods
thereof

Heated aerosol generating article with air-flow barrier

Apparatus for aerosol creation including heat exchanger
Electronic smoking device
Composition for electronic cigarettes

Cartridge for use with a vaporizer device
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2014-01-17
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Vaporization device systems and methods

Systems for an evaporation device

Vaporizer apparatus

Vaporization device systems and methods
Vaporizer apparatus

Vapor delivery device

Vapor delivery device

Electronic smoke atomizer and electronic cigarette

The assemble method of battery component, electronic cigarette
and battery component

Electronic smoking article with improved storage of aerosol
precursor compositions

Battery assembly and electronic cigarette

Oval atomizer electronic cigarette

Methods and devices for smoking urge relief

WIRE COMMUNICATION IN ELECTRONIC SMOKING DEVICE
Aerosol-forming member

Aerosol delivery device comprising multiple outer bodies and
related assembly method

Aromatherapy Vaporization Device and Method

Aerosol delivery device with an illuminated outer surface and
related method

Vaporization device systems and methods

Charging Accessory Device for an Aerosol Delivery Device and
Related System, Method, Apparatus, and Computer Program
Product for Providing Interactive Services for Aerosol Delivery
Devices

Mouthpiece assembly for an electronic cigar or cigarette

Electronic cigarette

Electronic cigarette
Electronic cigarette

Method for assembling a cartridge for a smoking article

Electronic cigarette
System and method for dispensing pills

Control body for an electronic smoking article

Atomizer for an aerosol delivery device and related input, aerosol

production assembly, cartridge, and method .
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Battery portion of a vaporizer
Charger for a vaporizer
Cartomizer for a vaporizer

Aerosol delivery system and related method, apparatus, and
computer program product for providing control information to an
aerosol delivery device via a cartridge

Aerosol Delivery Device and Related Method and Computer
Program Product for Controlling an Aerosol Delivery Device
Based on Input Characteristics

Apparatus and methods for vaporizing essential oils and waxes

There is electronic cigarette packet and the electronic cigarette of
magnetic-type charge function

An inhaler

Wearable electronic simulated smoking device with
interchangeable vaporization cartridges

Wearable electronic simulated smoking device

Re-charging pack for an e-cigarette

Personal vaporizer with liquid supply by suction

Re-charging pack for an e-cigarette

Disposable electronic cigarette cartridge and manufacturing
method thereof

Sensor for an aerosol delivery device

Vaporizer with indicators
Aerosol forming component

Atomizer and electronic cigarette having same
Aerosol generating device with battery indication
Electronic smoking article

Vapor medicine dispensing and nano-mist lung cleanser system

Method of preparing an aerosol delivery device

Packaging for vaporizing device
Electric cigarette

Electric cigarette

Improved vaporizer device.
Mechanisms for vaporizing devices

Electrically-powered aerosol delivery system
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TWI661782B 2014-05-21 2019-06-11 RS IEF B R Electrically heated aerosol-generating system,electrically heated
RISERAR aerosol-generating deviceand method of generating an aerosol
TWI660685B * 2014-05-21 2019-06-01 IR IER R R Electrically heated aerosol-generating system and cartridge for
BHERAS use in such a system
JP6663357B2 * 2014-05-21 2020-03-11 T4y T E—UZ - Electric heating type aerosol generation system with end heater
TAZTY YT ITT
PVZ=FN
ES2833012T3 * 2014-05-22 2021-06-14 Nuryan Holdings Ltd Pocket vaporizer device
US20150335075A1 * 2014-05-22 2015-11-26 R.J. Reynolds Tobacco Cartridge and fluid reservoir for a vaporizer
Company
US9955726B2 2014-05-23 2018-05-01 Rai Strategic Holdings, Sealed cartridge for an aerosol delivery device and related
Inc. assembly method
CN203952443U * 2014-06-13 2014-11-26 W a TR ERAT Atomizer and electronic cigarette
CN104068474B * 2014-06-26 2017-01-04 SRR EIRAT Squash type electronic cigarette
GB201411483D0 2014-06-27 2014-08-13 Batmark Ltd Vaporizer Assembly
Us10888119B2 2014-07-10 2021-01-12 Rai Strategic Holdings, System and related methods, apparatuses, and computer
Inc. program products for controlling operation of a device based on a
read request
US10058123B2 2014-07-11 2018-08-28 R. J. Reynolds Tobacco Heater for an aerosol delivery device and methods of formation
Company thereof
US10499689B2 * 2014-07-18 2019-12-10 Fontem Holdings 1 B.V. Electronic cigarette with soft housing
CN104116140A * 2014-07-23  2014-10-29 REBF Electronic cigarette
GB2528673B 2014-07-25 2020-07-01 Nicoventures Holdings Aerosol provision system
Ltd
KR101698016B1 2014-07-26 2017-01-19 o|AM= Evaporating Module Having a Plural of Heaters for Atomizer
CN104432536A * 2014-07-28  2015-03-25 PETAN Novel electronic cigarette
GB2528712B 2014-07-29 2019-03-27 Nicoventures Holdings E-cigarette and re-charging pack
Ltd
WO02016015298A1 * 2014-07-31 2016-02-04 B Electronic cigarette and charging method therefor
USD7503208S1 2014-08-05 2016-02-23 VMR Products, LLC Vaporizer
US10238764B2 2014-08-19 2019-03-26 Vapium Inc. Aromatherapy vaporization device
US9609895B2 2014-08-21 2017-04-04 Rai Strategic Holdings, System and related methods, apparatuses, and computer
Inc. program products for testing components of an aerosol delivery
device
US9913493B2 2014-08-21 2018-03-13 Rai Strategic Holdings, Aerosol delivery device including a moveable cartridge and
Inc. related assembly method
US10765144B2 2014-08-21 2020-09-08 Rai Strategic Holdings, Aerosol delivery device including a moveable cartridge and
Inc. related assembly method
CN106998808B * 2014-08-22 2020-05-01 EEHBAEIR AT Method, system and device for controlling a heating element
CN106572702A * 2014-09-03 2017-04-19 EEMERENNSTEE Electric cigarette
fRAE]
CN107847696B 2014-09-10 2020-11-06 FiSERRE—FAAGIR Method and apparatus for regulating gas flow in a delivery device
AL
US20160089508A1 * 2014-09-25 2016-03-31 ALTR, Inc. Vapor inhalation device
DE102014114133A1 * 2014-09-29 2016-03-31 Aie Investments S.A. Electric cigarette .
VPR Exhibit
W02016054219A1 2014-10-01 2016-04-07 Altria Client Services Llc. Portable charging case 20 1 6
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Cartridge having a liquid transporting element for uses with an
electronic smoking device

Cartridge cover for personal vaporizer

Solution
Container
MEMS-based sensor for an aerosol delivery device

Atomizer and electronic cigarette

Electronic cigarette and electronic cigarette atomization control
method

Electronic nicotine administration system

Disposable cartridge for use in an electronic nicotine delivery
system

Calibrated dose control

Gesture recognition user interface for an aerosol delivery device

A kind of internal heating electronic smoking set

Atomizer and electronic cigarette

Cartridge for use with apparatus for heating smokable material
Apparatus for heating smokable material

Heating device for apparatus for heating smokable material and
method of manufacture

Personal vaporizer
Electronic smoking device
Electronic cigarette

Apparatus for heating or cooling a material contained therein

Aerosol-generating article with integral heating element

Proximity detection for an aerosol delivery device

Plurality of product concepts

A kind of dropping type electronic cigarette

Atomizer of electronic cigarette

Method of treating addictions to opioids

Organic tobacco tar capable of relieving cough and reducing
sputum and preparation method for organic tobacco tar

VPR Exhibit
2016
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2021-07-27
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2019-03-26

2016-12-08

2019-03-12

2019-07-30

2017-09-12

2018-07-03

2020-08-11

2021-06-29

2019-04-09

2020-12-29
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Antenna for an aerosol delivery device

Aerosol delivery device including a wave guide and related
method

Aerosol delivery device with microfluidic delivery component

Air movement visualization device
Resealable aerosol-generating article

Cigarette holder filter equipment with atomizing flue gas release
and mixed function

Extended heating and heating assembly for an aerosol generating
system

Article for use with apparatus for heating smokable material

Flavor inhaler

Sachet of aerosol-forming substrate, method of manufacturing
same, and aerosol-generating device for use with sachet

Electrocardiogram patch devices and methods

Mobile three-lead cardiac monitoring device and method for
automated diagnostics

Device for creating and distributing vaporized scent
Breath-powered vapor distribution device

Aromatic hunting lure vaporizing device

Electronic cigarette

Electronic cigarette

Atomization assembly

laser vaporizer

Aerosol delivery device and methods of formation thereof

Assembly substation for assembling a cartridge for a smoking
article

Non-porous Atomizer Chamber

Electronic smoking article including a heating apparatus
implementing a solid aerosol generating source, and associated
apparatus and method

Electronic vaporizer having reduced particle size
Electronic cigarette

Charger assembly and charging system for an electronic vaping
device

Electronic vaping device having pressure sensor
Method for producing atomizing unit and atomizing unit
Vaporizing device with power component

E-vapor device including capsule containing pre-vapor
formulation
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2017-04-05
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2017-04-27
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2021-02-16

2017-05-04
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2017-05-04
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Company
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Non-Atmospheric Vaporizer and Method
Vaporizer
Vaporizer tank with atomizer

Contained liquid system for refilling aerosol delivery devices

Load-based detection of an aerosol delivery device in an
assembled arrangement

Aerosol delivery device with radiant heating

Radio-frequency identification (RFID) authentication system for
aerosol delivery devices

Trigger-based wireless broadcasting for aerosol delivery devices

Vaporizer With Multiple-Chamber Heating

Disposable assembly for vaporizing e-liquid and a method of
using the same

Open-pore sintered glasses for use in electronic cigarettes

Power supply section configuration for an electronic vaping
device and electronic vaping device

Electronic smoking device with capillary buffer

Material for use with apparatus for heating smokable material

Atomising head, atomizer and electron cigarette

PERSONAL STEAM RETURN AIR INHIBITOR

Vaporizer and detachable power source

Vaping heat map system and method for electronic vapour
provision systems

Aerosol provision system

Method for assembling an aerosol delivery device

Rechargeable Lithium-lon Capacitors for Aerosol Transfer
Devices

Induction charging for an aerosol delivery device

Rechargeable lithium-ion capacitor for an aerosol delivery device

Induction charging for aerosol delivery equipment

Power supply for an aerosol delivery device

Application specific integrated circuit (asic) for an aerosol
delivery device

User interface for an aerosol delivery device

Vaporizer case

Vaporizer
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2021-05-18
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2019-03-26
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Aerosol delivery device including a wirelessly-heated atomizer
and related method

Electronic smoking device with cavity for liquid reservoir

E-vapor device including puncture device and sealed packet of
pre-vapor formulation

Camera for an aerosol delivery device

Motion sensing for an aerosol delivery device

Proximity sensing for an aerosol delivery device

Atomizer and electronic smoking device

Aerosol delivery device including a housing and a coupler

The battery rod of electronic cigarette

Capacitive sensing input device for an aerosol delivery device

Aerosol delivery device with improved fluid transport

Hall effect current sensor for an aerosol delivery device

Control for an induction-based aerosol delivery device

Electronic cigarette with a blocking module

One-way valve for refilling an aerosol delivery device

Electronic cigarette atomizer and electronic cigarette
rechargeable vaporizer cartridge and refill method
Securely attaching cartridges for vaporizer devices.

Adapters for refilling an aerosol delivery device

Aerosol-generating system with electrodes

Aerosol generation system with electrodes

Cartridge Capable of Regulating the Inhaled Amount for Electrical
Cigarette

Hookah vaporizor machine

Flexible display for an aerosol delivery device

Accessory configured to charge an aerosol delivery device and
related method

Vaporization device with lip sensing
E-vaping cartridge and device
Personal carrying case for electronic vaping device

Electronic vaping device
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Electronic vaping device
aerosol delivery device

Aerosol production assembly including surface with micro-
pattern

Aerosol delivery device including connector comprising extension
and receptacle

Electronic vaping device
Aerosol-generating system with separate capsule and vaporizer

Aerosol generating system with separate capsule and vaporizing
unit

Detachable power source for an aerosol delivery device

Charger for an aerosol delivery device

Aerosol delivery device, and associated apparatus and method of
formation thereof

Connector and contain power supply , atomizer, electron cigarette
of this connector

Methods for assembling a cartridge for an aerosol delivery
device, and associated systems and apparatuses

The control of electronic anesthetic vaporizer

Liquid storage bottle and liquid storage bottle assembly

Aerosol precursor composition mixing system for an aerosol
delivery device

Heat diffuser for an aerosol-generating system
Aerosol generating article with heat diffuser
Heat diffuser for an aerosol-generating system

Device for heat dissipation for aerosol generating system

Jet-type atomization device

Upper core full-closed electronic tobacco atomizer and electronic
cigarette device out

Vaporizer cartridge

Aerosol delivery device including an electrical generator
assembly

Combined vaporizer tamp and pick tool
Battery utilizing device cavity

Lid for a vaporizer

Charging device

Flavor inhaler cartridge and flavor inhaler having flavor inhaler
cartridge

Aerosol delivery device with a reservoir housing and a vaporizer
assembly

Non-combustible vaping element with tobacco insert oy .
VPR Exhibit

Gas sensing for an aerosol delivery device
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Radio frequency to direct current converter for an aerosol delivery
device

Aerosol delivery device with condensing and non-condensing
vaporization

Aerosol delivery device with a unitary reservoir and liquid
transport element comprising a porous monolith and related
method

Electronic vaping device

Aerosol delivery device with a liquid transport element
comprising a porous monolith and related method

Electronic smoking device

Electronic cigarette

Vaporizer cartridge
Vaporizer device with cartridge

Aerosol delivery devices including a selector and related methods

Electronic cigarette

Electronic cigarette

Electronic vaping device, battery section, and charger
Electronic cigarette

Collapsible fiber matrix reservoir for an e-vaping device
Medication Delivery System

Aerosol generation and exposure system
Boost converter for an aerosol delivery device

Wis. Chris Katomizer

Atomizing tube subassembly, atomizer and have electron
cigarette of this atomizer

Methods and systems for cartridge identification

Power source for an aerosol delivery device

Analog control component for an aerosol delivery device
Fluidic control for an aerosol delivery device

Device with liquid flow restriction

Disposable cartridge with resealable trapdoor

Aerosol delivery device with replaceable wick and heater
assembly

Flavor inhaler and atomizing unit

Photodetector for measuring aerosol precursor compos\foPRaE x hibit
aerosol delivery device
2016
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Aerosol provision article
Real-time temperature control for an aerosol delivery device

Aerosol delivery device with integrated wireless connectivity for
temperature monitoring

Photoelectric proximity sensor for gesture-based control of an
aerosol delivery device

Induction-based aerosol delivery device

Near field communication for a tobacco-based article or package
therefor

Two-wire authentication system for an aerosol delivery device
Satellite navigation for an aerosol delivery device

Pressure sensing for an aerosol delivery device

Charger for an aerosol delivery device

Humidity sensing for an aerosol delivery device

Power source for an aerosol delivery device

Rechargeable lithium-ion battery for an aerosol delivery device

Aerosol-generating system having an outer housing.

Aerosol delivery device sensory system including an infrared
sensor and related method

Smoking article for selective delivery of an aerosol precursor
composition, a cartridge, and a related method

Smoking article for on-demand delivery of an increased quantity
of an aerosol precursor composition, a cartridge, and a related
method

Heater assembly and aerosol generating apparatus having the
same

Aerosol generation method and apparatus

The aerosol for forming matrix and liquid transmission element
including a variety of aerosols generates system

Vapor-generating systems

Aerosol-generating system comprising multiple aerosol-forming
substrates and a transfer element

Aerosol generation system with external cartridge

Product display systems and related methods

Self-locking cartridge

Aerosol delivery device including a shape-memory allo b
related method YVPR EXhlblt
2016
31/4
Page 395



9/1/2021
US10517326B2

USD829370S1

US10827783B2

US10440995B2

US10674765B2

US10314340B2

US10285444B2

CN107006896B *

W02021137139A1

US10517330B2

US10779576B2

CN207040875U *

US10383369B2

US10575562B2

US10842197B2

US10349674B2

US20190014823A1

US10201189B1 *

US10791761B2

CN207927762U *

USD887632S1

US10667554B2

US10505383B2

US11039645B2

US10157265B1

DE102017123000B4 *

US10772356B2

2017-01-27

2017-01-27

2017-02-27

2017-03-29

2017-03-29

2017-04-21

2017-04-27

2017-05-05

2019-12-30

2017-05-23

2017-05-24

2017-05-25

2017-06-07

2017-06-30

2017-07-12

2017-07-17

2017-07-17

2017-08-02

2017-08-17

2017-09-04

2017-09-14

2017-09-18

2017-09-19

2017-09-19

2017-09-21

2017-10-04

2017-10-11

WO02007131450A1 - Emulation aerosol sucker - Google Patents

2019-12-31

2018-09-25

2020-11-10

2019-10-15

2020-06-09

2019-06-11

2019-05-14

2019-04-09

2021-07-08

2019-12-31

2020-09-22

2018-02-27

2019-08-20

2020-03-03

2020-11-24

2019-07-16

2019-01-17

2019-02-12

2020-10-06

2018-10-02

2020-06-16

2020-06-02

2019-12-10

2021-06-22

2018-12-18

2021-05-12

2020-09-15

Rai Strategic Holdings,
Inc.

Altria Client Services Llc

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

WAEPRE T AREER
5

Rai Strategic Holdings,
Inc.

RAI Stategic Holdings,
Inc.

VMR Products, LLC

W IHETTRHERAE

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Joyetech Europe Holding
Gmbh

Rai Strategic Holdings,
Inc.

HETRI R YRS
PRRE]

Pax Labs, Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Rai Strategic Holdings,
Inc.

Schott Ag

Altria Client Services Llc

https://patents.google.com/patent/\W02007131450A1/en?0q=W02007131450A1

Secondary battery for an aerosol delivery device

Electronic cigarette

Digital compass for an aerosol delivery device

Aerosol delivery device including substrate with improved
absorbency properties

Aerosol delivery device with improved atomizer

Refillable aerosol delivery device and related method

Aerosol delivery device including a ceramic wicking element

A kind of compound ceramic atomizer and preparation method
thereof
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Flavor disk

It is a kind of can upside-down mounting suction nozzle
electronic cigarette
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Aerosol delivery device including a control body, an atomizer
body, and a cartridge and related methods

E-vaping device using a jet dispensing cartridge, and method of
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Method for formulating aerosol precursor for aerosol delivery
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Induction heated aerosol delivery device

Electronic cigarette

Quasi-resonant flyback converter for an induction-based aerosol
delivery device

Aerosol delivery device with multiple aerosol delivery pathways
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Aerosol generators, cartridges and e-cigarettes

Atomizer and atomization device
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Buck regulator with operational amplifier feedback for an aerosol
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Smoking article with heat transfer component
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Portable water smoking pipe
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Articles and formulations for smoking products and vaporizers

Methods and products to facilitate smokers switching to a
tobacco heating product or e-cigarettes

Charge circuitry for an aerosol delivery device

Aerosol delivery device with segmented electrical heater
Aerosol delivery device with integrated thermal conductor
Wicking element for aerosol delivery device

Flavorants

Aerosol delivery device with conductive inserts

Aerosol delivery device with improved connectivity, airflow, and
aerosol paths

Aerosol delivery device with visible indicator

Heater assembly and aerosol generating apparatus including the
same

Power supply unit of aerosol generation device, control method of
power supply unit of aerosol generation device, and program for
power supply unit of aerosol generation device

Smoking article cartridge

Evaporator apparatus having more than one heating element

Power control for an aerosol delivery device
Charging control for an aerosol delivery device
Temperature control in an aerosol delivery device

Conductive aerosol generating composite substrate for aerosol
source member

Overwrap material containing aerosol former for aerosol source
member

Micropump for an aerosol delivery device

Electronic cigarette tank

Cartridge tube

Susceptor arrangement for induction-heated aerosol delivery
device

Air pressure sensor for an aerosol delivery device
Buck-boost regulator circuit for an aerosol delivery device

Non-inverting amplifier circuit for an aerosol delivery device
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