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[57] ABSTRACT

A smoking article and method is provided in which a liquid 
tobacco flavor generating system is used to deliver a liquid 
tobacco flavor medium to a heater to generate a predeter­
mined quantity of tobacco flavor substance for delivery to a 
smoker. The article includes an electrical heating means, a 
tobacco flavor medium delivery system, a source of electri­
cal energy and a control means to generate the tobacco flavor 
substance for delivery to a smoker.

128/200.14 27 Claims, 15 Drawing Sheets4,334,531 6/1982 Reichl et al.
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FIG. 3B
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FIG. 4A



U.S. Patent Sep. 16, 1997 Sheet 6 of 15 5,666,977

52

57
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FIG. 4C
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FIG. 4D
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FIG. 4E
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1
ELECTRICAL SMOKING ARTICLE USING 

LIQUID TOBACCO FLAVOR MEDIUM 
DELIVERY SYSTEM

RELATED APPLICATIONS
This is a continuation of U.S. Ser. No. 08/074,948 : 

Jun. 10, 1993, which is abandoned.

BACKGROUND OF THE INVENTION
This invention relates to articles in which a tobacco flavor 

medium is heated to release tobacco flavors. More 
particularly, this invention relates to an electrical smoking 
article in which the tobacco flavor medium is a liquid.

Electrical smoking articles are well known. Such articles 
generally include a plurality of electrical heating elements 
disposed adjacent tobacco flavor medium containing, for 
example, tobacco or tobacco-derived material. In such 
smoking articles the plurality of heating elements can be 
either disposable (see, e.g, commonly-assigned U.S. Pat. 
Nos. 5,060,671 and 5,095,921, which are hereby incorpo­
rated by reference in their entirety) or permanent (see, e.g, 
copending, commonly-assigned United States patent appli­
cation Ser. No. 07/943,504, which is hereby incorporated by 
reference in its entirety). The tobacco flavor medium may 
be, for example, a solid material that is inserted into a cavity 
of the electrical smoking article. If the heaters are 
disposable, then the tobacco flavor medium would be depos­
ited on the electrical heating elements that are inserted. After 
a finite number of “puffs” on the article by the smoking (e.g., 
eight or ten), the tobacco flavor medium, along with the 
electrical heating elements if disposable, is removed from 
the cavity and replaced with fresh tobacco flavor medium 
(and heaters).

It has been found that with the types of electrical smoking 
articles described above, the number of puffs available to the 
smoker for each loading of tobacco flavor medium is gen­
erally limited by the number of heating elements in the 
smoking article. For example, if the smoking article has 
eight heaters, then a smoker will derive eight puffs before 
having to replace the used tobacco flavor medium with fresh 
tobacco flavor medium (and heaters).

Additionally, because the above smoking articles have a 
plurality of heaters, the design and manufacture of such 
smoking articles can be complicated. For example, the 
plurality of heaters generally must be spaced sufficiently far 
apart from each other that each heater is thermally isolated 
from the other heaters. Also, the total number of heaters that 
can be placed in the smoking article may be limited since 
increasing the number of heaters generally results in an 
increase in the volume of the smoking article.

Furthermore, the physical arrangement of the plurality of 
spaced-apart heaters may also complicate placement of the 
tobacco flavor generating material which generally must be 
placed in thermal communication with each heater. In 
particular, the shape and construction of the tobacco flavor 55 
medium may be limited by the arrangement of the plurality 
of heaters. For example, the tobacco flavor generating 
material would have to extend over a volume that reaches 
each individual heater. This can result in the use of a greater 
volume of tobacco flavor generating material than is actually 60 
heated by the heaters and, thus, may result in the waste of 
tobacco flavor generating material that is not heated. Also, 
such excess tobacco flavor generating material may serve as 
a heat sink which may unnecessarily increase the power 
consumption of the article.

In light of the above, it would therefore be desirable to be 
able to provide an electrical smoking article in which the
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2
number of puffs from the smoking article is not limited by 
the number of heating elements.

It would also be desirable to be able to provide such a 
smoking article in which the design and manufacturing of 
the smoking article is simplified.

It would further be desirable to be able to provide such a 
smoking article in which the amount of tobacco flavor 
medium that is wasted is reduced.

ίο SUMMARY OF THE INVENTION

It is an object of this invention to provide an electrical 
smoking article in which the number of puffs from the 
smoking article is not limited by the number of heating 
elements.

It is also an object of this invention to provide such a 
smoking article in which the design and manufacturing of 
the smoking article is simplified.

It is a further object of this invention to provide such a 
smoking article in which the amount of tobacco flavor 
medium that is wasted is reduced.

In accordance with this invention, there is provided an 
electrical smoking article for delivering to'a smoker a 
tobacco flavor substance. The smoking article includes an 
electrical heating means, a tobacco flavor medium delivery 
system including an inlet adapted to be coupled to a liquid 
tobacco flavor medium cartridge and an outlet having one or 
more openings adapted for dispensing liquid tobacco flavor 
medium toward the heating means, and a means coupled 
between the inlet and outlet and adapted to transfer a 
predetermined amount of liquid tobacco flavor medium from 
the liquid tobacco flavor medium cartridge to the one or 
more openings. When the electrical heating means is 
activated, a predetermined amount of liquid tobacco flavor 
medium is dispensed from the outlet and is heated, gener­
ating a predetermined quantity of tobacco flavor substance 
for delivery to the smoker.

In accordance with the present invention, a method for 
delivering to a smoker a tobacco flavor substance is also 
provided. The method includes the step of transferring a 
predetermined amount of liquid tobacco flavor medium from 
a liquid tobacco flavor medium cartridge to an outlet. The 
outlet is adapted to dispense the liquid towards an electrical 
heater. The method also includes the step of activating the 
heater so as to heat the predetermined amount of liquid 
tobacco flavor medium dispensed from the outlet and sub­
sequently generate a predetermined quantity of tobacco 
flavor substance for delivery to the smoker.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects and advantages of the present 
invention will be apparent upon consideration of the fol­
lowing detailed description, taken in conjunction with 
accompanying drawings, in which like reference characters 
refer to like parts throughout, and in which:

FIG. 1 is a perspective view of a first preferred embodi­
ment of an electrical smoking article according to the 
present invention;

FIG. 2 is a partially fragmentary exploded perspective 
view of the electrical smoking article of FIG. 1;

FIG. 3Ais a cross-sectional view of the electrical smoking 
article of FIG. 1, taken from line 3A—3A of FIG. 1;

FIG. 3B is a radial cross-sectional view of the electrical 
smoking article of FIG. 1, taken from line 3B—3B of FIG 
2;
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FIGS. 4A-4F are cross-sectional views of the Equid jet 
deEvery system of the electrical smoking article of FIG. 1 
ihustrating the operation of the deEvery system;

FIG. 5 is a partially fragmentary exploded perspective 
view of a second preferred embodiment of an electrical 
smoking article of the present invention;

FIG. 6 is a radial cross-sectional view of the electrical 
smoking article of FIG. 5, taken from Ene 6—6 of FIG. 5;

FIG. 7 is a cross-sectional view of the electrical smoking 
article of FIG. 5, taken from Ene 7—Ί of FIG. 5;

FIG. 8 is a partially fragmentary exploded perspective 
view of a third preferred embodiment of an electrical smok­
ing article of the present invention; and

FIG. 9 is a schematic diagram of a preferred embodiment 
of a control circuit for use in the embodiment of the 
electrical smoking article shown in FIG. 8.

DETAILED DESCRIPTION OF THE 
INVENTION

5
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The electrical smoking article of the present invention 

includes a liquid tobacco flavor medium deEvery system for 
transferring the Equid tobacco flavor medium from a pref­
erably replaceable Equid medium cartridge to a heater for 
subsequent generation of a predetermined quantity of ' 
tobacco flavor substance for deEvery to a smoker. Such an 
electrical smoking article can be used, for example, to 
simulate a cigarette. In such a case, the Equid tobacco flavor 
medium would be a Equid material containing cigarette 
tobacco or cigarette tobacco derivatives.

The replaceable Equid medium cartridge of the electrical 
smoking article of the present invention is inserted into a 
reusable “permanent” portion including a source of electri­
cal energy, a permanent heating element, and control cir- 
cuitry for energizing the heater, in response to manual 
actuation or puff-induced actuation. Preferably, the present 
invention also includes control circuitry for deEvering a 
predetermined amount of electrical energy to the heater 
upon actuation, independent of the power supply loaded 
voltage. Suitable control circuitry is described in more detail 
below and in above-incorporated U.S. patent appEcation 
Ser. No. 07/943,504.

The reusable or permanent portion preferably includes a 
permanent cavity at the mouth end thereof for insertion of a 
preferably disposable filter unit for providing desirable 
pressure drop, air flow and filtration for flavor deEvery to the 
smoker. A permanent heater preferably is disposed in the 
permanent cavity in Equid transfer relationship with the 
Equid tobacco flavor medium deEvery system of the present 
invention.

The Equid tobacco flavor medium which is contained 
within the replaceable Equid medium cartridge of the 
present invention can be any Equid material that Eberates 
tobacco flavors when heated and is able to be deEvered to 
the permanent heater by the Equid tobacco flavor medium 
deEvery system. Such Equid materials may or may not 
contain tobacco or tobacco-derived materials. It is desirable, 
however, that the Equid tobacco flavor medium contain an 
aerosol precursor so that when the tobacco flavor medium is 
heated to form the tobacco flavor substance, the substance 
formed is an aerosol. When the smoker exhales such a 
tobacco flavor substance, a visible condensed aerosol may 
mimic the appearance of conventional cigarette smoke.

Tn electrical smoking articles with a pluraEty of heaters, 
when any given heater is activated, any of the remaining 
inactivated cool heaters may be susceptible to condensation
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of aerosol. Subsequent heating of those remaining heaters 
may result in the generation of undesirable compounds, 
including off-tastes, if aerosol condensation is significant. In 
the preferred embodiment of the present invention, with 
only one permanent heater, there is no cool heater on which 
aerosol can condense. Although residual aerosol may remain 
after the heater cools, and thus may condense on the heater, 
the amount of such condensation is negligible. In any event, 
if desired, such residual aerosol which condenses onto the 
permanent heater of the present invention can be at least 
partly removed by heating the heater without activating the 
Equid deEvery system.

The parameters of the permanent heater are chosen to 
aUow deEvery of an effective amount of tobacco flavor 
substance—e.g., an aerosol containing tobacco flavors—to 
the smoker under standard conditions of use. For example, 
it may be desirable to deEver 1 mg to 2 mg of aerosol to a 
smoker during a 35 ml puff having a two-second duration.

In order to achieve such deEvery, the heater should 
preferably be able to reach a temperature of between about 
200° C. and about 700° C., more preferably between about
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300° C. and about 450° C. Furthermore, the heater should 
preferably consume between about 5 loules and 40 Joules of 
energy.

The material of which the heater is made is preferably 
chosen to assure reEable repeated uses and is also chosen 
based on its reactivity, to assure that it wiU not react with the 
Equid tobacco flavor medium at any temperature likely to be 
encountered to form any undesired compounds. Similarly, 
the heater itself should not evolve any undesired compounds 
even when heated out of the presence of the tobacco flavor 
medium. Alternatively, a heater that might otherwise evolve 
undesired compounds could be encapsulated in an inert 
heat-conducting material such as a suitable ceramic mate­
rial.

Based on these criteria, preferred materials for the heater 
of the present invention include siEcon, carbon, graphite, 
stainless steel, tantalum, metal ceramic matrices, and metal 
alloys, such as iron alloys, and nickel-chromium alloys. 
Suitable metal-ceramic matrices include siEcon carbide alu­
minum and siEcon carbide titanium. Of the Ested materials, 
stainless steel and the iron or chromium alloys should 
preferably be encapsulated in a suitable ceramic material 
because of their poor oxidation and corrosion resistance at 
high temperatures. Suitable ceramic materials for encapsu­
lation include siEca, alumina, and sol gels.

A first preferred embodiment of an electrical smoking 
article 10 according to the present invention is shown in 
FIGS. 1-4. Smoking article 10 includes reusable or “per­
manent” portion 20 and disposable filter insert 21 which is 
received in a permanent cavity 30 at the mouth end of 
portion 20. Portion 20 of the embodiment shown in FIGS. 
1-4 includes Equid jet deEvery system 32, power source 22, 
heater 23, control circuit 24 and Equid medium cartridge 28. 

; Power source 22, at the end remote from the mouth end, 
could include a battery, a capacitor or both. The battery 
could be replaceable, rechargeable or both. If the battery is 
rechargeable, or if the power source 22 is a capacitor alone, 
then article 10 is provided with charging contacts 11 on its 
outer surface, for connection to an external power supply 
(not shown) for charging power source 22. Power source 22 
provides power for heater 23 (through heater leads 23A and 
23B), which preferably is activated by puff-actuated sensor 
14A. In the alternative, control circuit 24 is actuated by 
pushbutton 14.

Indicator 26, which could be a right-emitting diode, 
seven-segment Equid crystal display or other visual

65
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indicator, indicates the status of the amount of liquid tobacco 
flavor medium left in liquid medium cartridge 28 and, if 
desired, the status of power source 22 (e.g., whether it needs 
to be recharged, whether it has been fully recharged during 
recharging, or an approximation of the amount of charge 
remaining).

Power source 22 also provides power (through electrical 
connector 25) for liquid jet delivery system 32 which 
operates under the control of control circuit 24. Liquid jet 
delivery system 32 includes one or more nozzles 33 (FIG. 3). 
Delivery tube 28A connects to liquid jet delivery system 32. 
Nozzles 33 are oriented towards heater 23 and spray a 
predetermined amount of liquid tobacco flavor medium, in 
the form of droplets, towards heater 23. Heater 23 subse­
quently heats the droplets to generate aerosol which is then 
drawn through preferably disposable filter insert 21 for 
delivery to the smoker. If desired, heater 23 can be activated 
just prior to activation of liquid jet delivery system 32 to 
allow time for the heater to reach its operating temperature 
before it is sprayed with liquid tobacco flavor medium.

Preferably, replaceable liquid medium cartridge 28 should 
have a volume capable of holding at least enough liquid to 
provide about 160 puffs by a smoker before having to 
replace the cartridge. In order to replace cartridge 28, lock 
28B is slid to an unlocked position to allow removal of 
cartridge 28. A puncture device (not shown) attached to 
medium delivery tube 28A can be used to puncture a seal in 
each newly-inserted cartridge 28 to allow liquid flow from 
cartridge 28 to liquid jet delivery system 32.

Portion 20 is covered by removable housing 31. Housing 
31 is comprised of heat-resistive heavy paper, plastic or 
aluminum. Air flow channels 12 may be provided in region 
20B of cylindrical wall portion 20A of portion 20 to allow 
outside air to be drawn in during puffing (see FIG. 3A). Air 
flow channels 12 are adapted to provide the air flow contours 
labelled “AR” in FIG. 3A.

As shown in FIG. 3A, disposable filter insert 21 includes 
wall portion 21A only where aerosol may condense, reduc­
ing the condensation of aerosol onto permanent structural 
components of article 10. Subsequent reheating of such 
condensation can produce undesirable compounds causing 
off-tastes to be delivered to a smoker. In accordance with the 
present invention, wall portion 21A substantially surrounds 
heater 23 and liquid jet delivery system 32 and therefore 
minimizes such condensation. Replacing disposable filter 
insert 21 with a fresh filter insert reduces the effects of 
aerosol condensation in the present invention.

In accordance with the present embodiment, liquid jet 
delivery system 32 is preferably a “bubble jet” delivery 50 
system that operates similarly to bubblejet systems used in 
ink jet printing technology. FIGS. 4A-4F illustrate the 
operation of liquid jet delivery system 32.

FIGS. 4A-4F are cross sectional views of liquid jet 
delivery system 32 in a region adjacent a nozzle 33. Nozzle 55 
33 is defined by chamber 51 having a opening region 53 and 
bottom region 55. Adjacent bottom region 55 of chamber 51 
is resistor 57. Coupled to chamber 51 is liquid supply 59 for 
filling chamber 51 with liquid tobacco flavor medium. 
Liquid jet delivery system 32 works as follows.

As shown in FIG. 4B, liquid supply 59 is adapted to fill 
chamber 51 with liquid tobacco flavor medium 52. As shown 
in FIG. 4C, resistor 57 is used to heat a thin layer of liquid 
medium 52 in bottom region 55 of chamber 51. The liquid 
boils and forms a bubble 62 of vapor. As shown in FIG. 4D, 65 
vapor bubble 62 expands upward towards opening region 53 
of chamber 51 to form a portion 52A of liquid medium 52

6
which protrudes out of nozzle 33. This expansion farces 
liquid medium 52 through nozzle 33. As shown in FIG. 4E, 
upon further expansion of vapor bubble 62, protruding 
portion 52A overcomes the surface tension of liquid medium 

5 52 in chamber 51 to form a droplet 52B that jets away from 
nozzle 33. As shown in FIG. 4F, as resistor 57 cools, the 
vapor bubble collapses and the resulting suction pulls fresh 
liquid medium 52 from liquid supply 59 into chamber 51. 
The above process is repeated if resistor 57 is again heated.

10 The total amount of liquid delivered to the heater per puff 
will of course depend upon the size and number of nozzles 
employed in the jet delivery system in addition to the 
number of droplets released per puff. Preferably, the total 
amount of liquid delivered to the heater, per puff, is in the 

15 range from about 1 mg to about 10 mg, to provide a heated 
condensation aerosol having a mass in the range from about 
0.05 mg to about 3.5 mg, as in conventional cigarettes. 
Accordingly, liquid jet delivery system 32 preferably 
includes about 10 to 100 nozzles, more preferably, 30 to 50 

20 nozzles, over an area of approximately 15 mm2 to approxi­
mately 25 mm2.

In accordance with the present invention, because the 
tobacco flavor medium presented to the heater is in liquid 

25 form, less tobacco flavor medium is wasted than would 
otherwise be the case if the tobacco flavor medium were in 
solid form. The amount of liquid delivered to the heater is 
controlled so that substantially no excess liquid is delivered 
beyond that needed to generate the desired amount of 
tobacco flavor substance for consumption by the smoker. 
Because excess tobacco flavor medium can serve as a heat 
sink, the present invention also minimizes the power con­
sumption of the article by minimizing the exposure of the 
heater to unheated tobacco flavor medium.

Because the electrical smoking article of the present 
invention includes a single heater, instead of a plurality of 
heaters, the control circuitry for operating the article can be 
simplified. For example, the control circuitry discussed in 
above-incorporated U.S. Pat. No. 5,060,671 includes a 
BCD-to-dedmal decoder for activating, under control of a 
logic circuit, a particular one of a plurality of heaters. 
Control circuit 24 of the present invention does not require 
the use of such a decoder if only one heater is employed. 
Thus, the control circuitry can be simplified.

Preferably, control circuit 24 includes the features 
described in above-incorporated U.S. patent application Ser. 
No. 07/943,504, except for the BCD-to-decimal decoder. 
For example, it is preferably that control circuit 24 include 
a logic circuit, voltage detector circuit and timing network 
circuit as described therein. The purpose of the logic circuit 
is to control the overall operation of control circuit 24. The 
purpose of the voltage detector circuit is to monitor the 
voltage of power source 22 and to provide a signal to the 
logic circuit indicative of the need for recharging or, during 
recharging, indicative of the completion of recharging. The 
purpose of the timing network circuit is to provide a shut-off 
signal to the logic circuit after the heater has been activated 
for a predetermined time period, depending upon the amount 
of energy that is delivered to the heater.

Of course, other control circuits than those described in 
above-incorporated U.S. patent application Ser. No. 07/943, 
504 can be used in the electrical smoking article of the 
present invention, if desired.

Thus, a liquid jet delivery system for an electrical smok­
ing article has been described which is capable of delivering 
a predetermined amount of liquid tobacco flavor medium 
onto a heater surface under electronic control.
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A second preferred embodiment of an electrical smoking 
article 100 according to the present invention is shown in 
FIGS. 5-7. Article 100 is similar to article 10 shown in 
FIGS. 1-4 except that liquid jet delivery system 32 and 
heater 23 of article 10 have been replaced with valve 
delivery system 132 and heater 123, as shown in FIGS. 5-7. 
Valve delivery system 132 employs a nozzle 133 having an 
opening 133A oriented toward center region 123A of heater 
123. Upon exiting opening 133A, a droplet of liquid tobacco 
flavor medium becomes heated to generate an aerosol which 
is then drawn through disposable filter insert 21 for delivery 
to the smoker.

With reference to FIG. 7, a preferred embodiment of valve 
delivery system 132 is described. Liquid delivery tube 28A 
fills chambers 152 and 154 with liquid tobacco flavor 
medium (not shown). Valve delivery system 132 includes 
plunger 142 having a seat 146 for forming a Equid seal with 
end 133B of nozzle 133. Spring 144 is used to maintain the 
valve closed when not electrically activated. Plunger 142 is 
pulled in direction 158 by solenoid action. Plurality of wires 
140A are wound to form coil 140 for generating a magnetic 
field in region 140B. Upon the application of a potential 
across leads 132A and 132B, coil 140 is energized and 
plunger 142 is pulled in direction 158. As a result, the liquid 
seal is opened to allow the liquid tobacco flavor medium in 
chamber 154 to exit the valve through end 133B of nozzle 
133. Valve 132 closes when coil 140 is de-energized.

In accordance with the present embodiment, a preferred 
valve deEvery system 132 is model INKX0500000AC 
(8VDC, 0-10PSI) drop-on-demand microvalve, available 
from The Lee Company of Westbrook, Conn. This particular 
microvalve has a nozzle opening diameter of about 0.7 mm 
and has a solenoid that can be driven with a voltage 
waveform of less than 20 volts peak, for periods of up to 
about 20 miUiseconds, to provide adequate Equid flow rates 
for use in the electrical smoking article of the present 
invention.

Thus, a second preferred embodiment of an electrical 
smoking article which includes a Equid deEvery system has 
been described The Equid deEvery system employs sole­
noid action to deEvery a predetermined quantity of a Equid 
tobacco flavor medium towards a heater under electrical 
control. The total amount of Equid deEvered to the heater for 
a given puff wifi of course depend upon the size of the 
opening in the Equid deEvery system nozzle and length of 
time that the solenoid is activated.

A third preferred embodiment of an electrical smoking 
article 200 according to the present invention is shown in 
FIG. 8. Article 200 is similar to articles 10 and 100 shown 
in FIGS. 1-7 except the Equid deEvery system is an elec­
trospray liquid deEvery system. FIG. 9 is a schematic 
diagram of a preferred embodiment of a control circuit for 
use in the embodiment of the electrical smoking article 
shown in FIG. 8.

Article 200 includes capillary spray tip 210 oriented 
towards heater 215. High voltage power supply 220 is used 
to provide a high voltage (e.g., about 1,000 volts to about 
3000 volts) between spray tip 210 and heater 215. Such a 
high voltage creates an electrostatic potential between tip 6o 
210 and heater 215 that is capable of transferring a Equid 
droplet from tip 210 to heater 215. Article 200 operates as 
follows.

AS shown in FIG. 9, sensor 14A (or, in the alternative 
pushbutton 14) is used to activate heater control circuit 24A 65 
and electrospray control circuit 24B, both of which are 
powered by battery 22. Electrospray control 24B is coupled

to high voltage power supply 220 which generates the high 
voltage potential across capillary tip 210 (through lead 
210A) and heater 215 (through lead 215A) in response to 
smoker activation by sensor 14. Capillary tip 210 is coupled 

5 to Equid supply cartridge 28 through optional Equid feed 
control 225 (not shown in FIG. 8) which is used to control 
the flow of liquid from supply 28 to tip 210 if needed.

Thus, during smoker activation, electrospray control cir­
cuit 24B appties a high voltage potential between tip 210 and 

10 heater 215, while heater control circuit 24A energizes heater 
215 (through leads 24B). Thereafter, Equid tobacco flavor 
medium is transferred from Equid supply 28 out through 
capillary tip 210 to heater 215, where the transferred drop­
lets are heated to generate an aerosol which is then drawn 

15 through disposable filter insert 21 for deEvery to the smoker.
Tn accordance with the present embodiment, high voltage 

power supply 220 is a conventional circuit that steps up the 
battery voltage to the desired operating voltage (e.g., mul­
tiple thousands of volts). The high voltage can be either 

20 direct current (DC), of either polarity, or alternating current 
(AC) and can be apptied directly at capifiary tip 215 or, if 
desired, at a location farther up stream at Equid medium 
cartridge 28 (as shown in FIG. 8). If AC high voltage is used, 
power supply 220 generally includes chopping circuits for 

25 providing the alternating polarity at the chosen frequency.
Of course, article 200 must be sufficiently electricafiy insu­
lated to prevent high-voltage current from flowing outside 
the capillary tip-heater loop.

If desired, electrostatic control circuit 24B could include 
30 conventional timing circuitry (not shown) to initiate and 

terminate the apptication of high voltage across tip 215 at 
fixed times after smoker activation of sensor 14A.

In accordance with the third embodiment, the amount of 
Equid transferred from the Equid reservoir to the heater 

35 surface upon appfication of a given electrostatic potential 
will be determined by the resistance to flow of the capillary 
tube, the capillary tip dimensions, the distance between the 
tip and the heater, the surface tension of the Equid and the 

40 viscosity of the Equid.
For example, with a water-filled 1 mm glass tube having 

a capillary tip diameter of 200 microns, the flow rate of 
relatively large, discrete water droplets was approximately 
10 microtiters per second with a 3,000 volt DC electrostatic 

45 potential apptied across a distance of 10 mm. With a 50 
micron capillary tip at 5,000 volts across 15 mm, the flow 
was reduced to approximately 2 microliters per second with 
the spray approaching the appearance of an aerosol, as 
opposed to a spray of larger discrete droplets. Electrical 

5q currents required to provide the above flow rates were 
typically below 30 microamps.

Thus, a third preferred embodiment of a Equid deEvery 
system for an electrical smoking article has been described 
which is capable of detivering a predetermined amount of 

55 Equid tobacco flavor medium towards a heater under elec-
trical control.

Although the electrical smoking article of the present 
invention has been discussed above with respect to particu­
lar Equid deEvery systems and particular heater geometries, 
it will be apparent that other methods of transferring the 
Equid tobacco flavor medium from the reservoir to the 
heater can be used as well.

Thus, it is seen that an electrically-heated smoking article 
is provided in which the tobacco flavor medium is a liquid. 
The electrical smoking article includes an electrical heater in 
conjunction with a means for transferring a predetermined 
amount of a tobacco flavor generating Equid to the heater.
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One skilled in the art will appreciate that the present 
invention can be practiced by other than the described 
embodiments, which are presented for purposes of illustra­
tion and not of limitation, and the present invention is 
limited only by the claims which follow. 5

What is claimed is:
1. An electrical smoking article for delivering to a smoker 

a tobacco flavor substance, said article comprising:
an electrical heater;
a tobacco flavor medium delivery system in a liquid 10 

transfer relationship with said heater, said deliveiy 
system comprising:
(a) inlet means for coupling to a supply of liquid 

tobacco flavor medium;
(b) outlet means having one or more openings for 

dispensing liquid tobacco flavor medium in droplet 15 
form onto said heater;

(c) means coupled between said inlet means and said 
outlet means, said coupled means for transferring a 
predetermined amount of liquid tobacco flavor 
medium from said supply of liquid tobacco flavor 20 
medium to said outlet;

a source of electrical energy;
control means for applying said electrical energy to said 

heater to generate heat and for activating said tobacco 25 
flavor medium delivery system such that upon activa­
tion of said delivery system, said delivery system 
dispenses said predetermined amount of liquid tobacco 
flavor medium in droplet form onto said heater, said 
dispensed tobacco flavor medium being heated suffi- 30 
ciently to release an aerosol therefrom which includes 
a predetermined quantity of tobacco flavor substance; 
and

means for drawing air together with said released aerosol 
from the electrical smoking article upon puffing action 35 
by a smoker;

wherein said control means applies sufficient energy to 
said heater to achieve a temperature in said heater in the 
range of about 300° C. to about 450° C. during a puff 
and. . 40

wherein said means for drawing air together with said 
released aerosol includes a disposable filter insert and 
air channels arranged to admit air into said electrical 
smoking article.

2. The article of claim 1 wherein the transferring means 45 
comprises a valve.

3. The article of claim 2 wherein the valve includes a 
solenoid for actuating transfer of the liquid tobacco flavor 
medium.

4. The article of claim 3 wherein the heater comprises a 50 
coil of wire forming a center region and wherein the outlet 
means dispenses liquid tobacco flavor medium onto said 
center region.

5. The article of claim 4 wherein each of the one or more 
openings has an opening diameter of less than about 1 mm. 55

6. The article of claim 3 wherein transfer is actuated by 
applying a voltage waveform to said solenoid for a prede­
termined period of time.

7. The article of claim 6 wherein said voltage waveform
is substantially a DC voltage signal. 60

8. The article of claim 7 wherein said DC voltage signal 
is less than about 20 volts DC.

9. The article of claim 6 wherein said predetermined 
period of time is in a range from about 1 ms to about 20 ms.

10. The article of claim 1 wherein the outlet means 65 
comprises a capillary tip and the transferring means com­
prises:

10
an electrostatic potential delivery system adapted to have 

a high-voltage potential applied between said heater 
and said capillary tip for transferring the liquid tobacco 
flavor medium therebetween.

11. The article of claim 10 wherein the high-voltage 
potential is in the range from about 2000 volts to about 6000 
volts.

12. The article of claim 10 wherein said high-voltage 
potential is substantially a DC voltage.

13. The article of claim 10 wherein said high-voltage 
potential is substantially an AC voltage.

14. The article of claim 10 wherein said capillary tip has 
a diameter in the range from about 20 micrometers to about 
250 micrometers.

15. The article of claim 1, wherein aerosol is released 
from the same heater during each activation of said delivery 
system.

16. The electrical smoking article as claimed in claim 1 
wherein air together with aerosol is drawn in a first direction 
through said filter insert, said outlet means dispensing liquid 
flavor medium in a second direction transverse to said first 
direction.

17. The electrical smoking article of claim 1 further 
comprising a puff sensor in communication with said control 
means.

18. The electrical smoking article of claim 1, wherein said 
supply of liquid flavor medium comprises a cartridge.

19. The electrical smoking article of claim 1, wherein said 
electrical heater consists of a single heater element.

20. The electrical smoking article of claim 1, wherein the 
tobacco flavor medium delivery system delivers liquid 
tobacco flavor medium at a rate per puff in the range of from 
about 1 milligram to about 10 milligram.

21. The electrical smoking article of claim 20, wherein the 
heater element is adapted to achieve a temperature in the 
range of about 300° C. to about 450° C. during a puff.

22. An electrical smoking article for delivering to a 
smoker a tobacco flavor substance, said article comprising:

an electrical heater;
a tobacco flavor medium delivery system in a liquid 

transfer relationship with said heater, said delivery 
system comprising:
(a) inlet means for coupling to a supply of liquid 

tobacco flavor medium;
(b) outlet means having one or more openings for 

dispensing liquid tobacco flavor medium in droplet 
form onto said heater;

(c) means coupled between said inlet means and said 
outlet means, said coupled means for transferring a 
predetermined amount of liquid tobacco flavor 
medium from said supply of liquid tobacco flavor 
medium to said outlet;

a source of electrical energy;
control means for applying said electrical energy to said 

heater to generate heat and for activating said tobacco 
flavor medium delivery system such that upon activa­
tion of said delivery system, said delivery system 
dispenses said predetermined amount of liquid tobacco 
flavor medium in droplet form onto said heater, said 
dispensed tobacco flavor medium being heated suffi­
ciently to release an aerosol therefrom which includes 
a predetermined quantity of tobacco flavor substance; 
and

means for drawing air together with said released aerosol 
from the electrical smoking article upon puffing action 
by a smoker;
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wherein the transferring means comprises a bubble jet 
delivery system.

23. The article of claim 22 wherein the bubble jet delivery 
system includes one or more chambers and one or more 
integral heaters each positioned respectively at a bottom of 
a chamber for transferring the liquid tobacco flavor medium.

24. The article of claim 23 wherein said heater has a 
substantially flat surface and wherein said outlet means 
dispenses liquid tobacco flavor medium onto said flat sur­
face.

12
25. The article of claim 23 wherein each of the one or 

more integral heaters comprises a resistor.
26. The article of claim 25 wherein transfer is actuated by 

applying a potential to said one or more resistors for a 
5 predetermined period of time.

27. The article of claim 26 wherein said potential is 
substantially a DC voltage signal.
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