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[571 ABSTRACT

A smoking system is provided in which a replaceable
cigarette containing tobacco flavor material is electri-
cally heated by a set of electrical heater elements con-
tained within a lighter to evolve tobacco flavors or
other components in vapor or aerosol form for delivery
to a smoker. The cigarette and lighter are adapted to

" provide air flow patterns through the smoking system
such that air flows transversely into the cigarette. Such
patterns improve aerosol and flavor delivery to the
smoker and reduce the condensation of residual heater-
region vapor/aerosol in the smoking system.
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ELECTRICAL SMOKING SYSTEM FOR
DELIVERING FLAVORS AND METHOD FOR
MAKING SAME

This application is a continuation-in-part of copend-
ing, commonly-assigned U.S. patent application Ser.
No. 07/943,504, filed Sep. 11, 1992, which is a continua-
tion-in-part of copending, commonly-assigned U.S.
patent application Ser. No. 07/666,926, filed Mar. 11,
1991, now abandoned in favor of file wrapper continua-
tion application Ser. No. 08/012,799, filed Feb. 2, 1993,
now U.S. Pat. No. 5,249,586.

BACKGROUND OF THE INVENTION

This invention relates to smoking systems in which
cigarettes are used with lighters, and methods for mak-
ing the same.

An electrical smoking article is described in common-
ly-assigned U.S. Pat. No. 5,060,671, which is hereby
incorporated by reference in its entirety. That patent
describes a smoking article which is provided with a
disposable set of electrical heating elements, A charge
of tobacco flavor medium containing, for example, to-
bacco or tobacco-derived material is deposited on each
of the heating elements. The disposable heater/flavor
unit is mated to a source of electrical energy such as a
battery or capacitor, as well as to control circuitry to
actuate the heating elements in response to a puff by a
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smoker on the article or in response to the depression of 30

a manual switch. The circuitry is designed so that at
least one, but less than all of the heating elements are
actuated for any one puff, and so that a predetermined
number of puffs, each containing a pre-measured
amount of tobacco flavor substance, e.g., an aerosol
containing tobacco flavors or a flavored tobacco re-
sponse, is delivered to the smoker. The circuitry also
preferably prevents the actuation of any particular
heater more than once, to prevent overheating of the
tobacco flavor medium thereon.

With such articles, the heater is thrown away with
the spent remainder of tobacco material. Also, the elec-
trical connections between the heaters and the battery
must be able to endure repeated release and reconnec-
tion as flavor units are replaced.

In copending, commonly-assigned U.S. patent appli-
cation Ser. No. 07/666,926, filed Mar. 11, 1991, now
abandoned in favor of Continuing application Ser. No.
08/012,799, filed Feb. 2, 1993, an electrical smoking
article is disclosed that has reusable heating elements
and a disposable portion for tobacco flavor generation.
The disposable portion preferably includes a flavor
segment and a filter segment, attached by a tipping
paper or other fastening arrangement. Certain opera-
tional difficulties are, however, associated with reusable
heating elements, particularly in that residual aerosol
tends to settle and condense on the heating elements and
other permanent structural components of the article.

U.S. patent application Ser. No. 07/943,504, filed
Sep. 11, 1992, which is hereby incorporated by refer-
ence in its entirety, describes another electrical smoking
article that has reusable heating elements and a dispos-
able portion for tobacco flavor generation. That appli-
cation addresses problems relating to the long-term use
of heating elements and other permanent structural
components of the article. That application also de-
scribes a manufacturing process for making the dispos-
able portion of the smoking article using conventional
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high-volume assembly machinery. More specifically,
that application describes a disposable tobacco flavor
unit having a “tube-in-tube” construction, wherein to-
bacco flavor material positioned on a carrier and
formed into a cylinder around free-flow, back-flow, and
mouthpiece filters is disposed within an aerosol barrier
tube. Heater elements are placed between the aerosol
barrier tube and the tobacco flavor unit to heat the
tobacco flavor unit. The aerosol barrier tube prevents
aerosols formed during heating of the tobacco flavor
unit and the heaters from condensing on permanent
portions of the electrical smoking article. That applica-
tion also describes the use of phosphorous doped silicon
heater elements having the ability to cycle to tempera-
tures of between 200° C. and 900° C. and deliver be-
tween 5 and 40 Joules of energy repeatedly without
failure.

In light of the above, it is therefore desirable to be
able to provide an improved smoking system in which
the heating elements of the lighter are reusable.

It is also desirable to be able to provide such a system
in which condensation of aerosol onto the heating ele-
ments and other structural components of the lighter is
minimized.

It is further desirable to provide a smoking article
which is easier to manufacture.

It is still further desirable to provide a smoking article
which provides improved flavor delivery to the
smoker.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the present inven-
tion is to provide a novel smoking system which pro-
vides advantages over prior systems.

Another object of the present invention is to provide
improved flavor delivery from a smoking system in
which cigarettes are used with lighters.

It is also an object of this invention to provide a
smoking system in which the heating elements of a
lighter are reusable, and of which the volume of dispos-
able portions is minimized.

It is also an object of this invention to provide a sys-
tem in which condensation of aerosol onto heating ele-
ments and other structural components of a lighter is
minimized.

It is a further object of this invention to provide a
smoking article and manufacturing processes for mak-
ing the same that are easier and cost effective, even at
state-of-the-art mass production speeds.

It is a still further object of this invention to provide
improved aerosol and flavor delivery to the smoker.

In accordance with one aspect of the present inven-
tion, a cigarette for use in a smoking system for deliver-
ing a flavored tobacco response to a smoker, the system
including heating means, is provided. The cigarette
includes a carrier having first and second ends spaced
apart in a longitudinal direction and having first and
second surfaces. The first surface defines a cavity be-
tween the first and second ends, and the second surface
includes an area for being disposed adjacent heating
means. Tobacco flavor material is disposed on the first
surface of the carrier. The tobacco flavor material gen-
erates the flavored tobacco response in the cavity for
delivery to a smoker when the tobacco flavor material
is heated by the heating means. The carrier and the
tobacco flavor material allow transverse air flow into
the cavity.

NJOY Exhibit 1014.018
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In accordance with another aspect of the present
invention, a lighter for use in combination with a re-
movable cigarette in a smoking system that delivers a
flavored tobacco response to a smoker is provided. The
lighter includes a heater fixture for receiving, through a
first end, a removable cigarette. The heater fixture has
means for providing a transverse flow of air to at least
a portion of the cigarette. A plurality of electrical
heater elements are disposed in the heater fixture. Each
of the heater elements has a surface for being disposed
adjacent a surface of the portion of the cigarette to
which the transverse flow of air is provided. Means are
provided for activating one or more of the plurality of
electrical heating means such that a predetermined
quantity of flavored tobacco response is generated in
the cigarette. The transverse flow of air is generated
when a smoker draws on a cigarette inserted in the
lighter.

In accordancé with another aspect of the present
invention, a smoking system for delivering a flavored
tobacco response to a smoker is provided. The system
includes a removable cigarette, a lighter, and, means for
individually activating the plurality of electrical heating
means such that a predetermined quantity of flavored
tobacco response is generated in a cavity in the ciga-
rette.

In accordance with yet another aspect of the present
invention, a heater element for use in a smoking system
for delivering a flavored tobacco response to a smoker
is provided. The heater element includes a first end, a
second end, and a plurality of curved regions between
the first and second ends for increasing electrical resis-
tance of the heater element. The heater clement is
formed from resistive material having first and second
surfaces substantially oriented in a plane and having an
overall length L, overall width W, and thickness T. The
effective electrical length of the heater element is
greater than the length L and the effective electrical
cross-sectional area of the heater element is less than the
product of W and T.

In accordance with still another aspect of the present
invention, a method for manufacturing an integrated
heater assembly for use in a smoking system for deliver-
ing a flavored tobacco response to a smoker is de-
scribed. According to the method, a sheet of resistive
material is cut to form a plurality of heater elements
connected to one another at least one end. The sheet is
formed into a cylindrical shape.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be further understood with
reference to the following description in conjunction
with the appended drawings, wherein the same ele-
ments are provided with the same reference numerals.
In the drawings:

FIG. 1is a schematic perspective view of a smoking
system according to an embodiment of the present in-
vention;

FIG. 2 is a partially broken, schematic perspective
view of a smoking system according to an embodiment
of the present invention;

FIG. 3A is a side, cross-sectional view of a heater
fixture according to an embodiment of the present in-
vention;

FIG. 3B is an end view of taken at section 3B—3B of
FIG. 3A;
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FIG. 4A is a schematic perspective view of a ciga-
rette according to an embodiment of the present inven-
tion;

FIG. 4B is a side cross-sectional view taken at section
4B—4B of FIG. 4A;

FIG. § is a schematic assembly view of a heater fix-
ture according to another embodiment of the present
invention;

FIG. 6 is a perspective view of a heater assembly
according to an embodiment of the present invention;

FIG. 7 is an outline of a heater assembly according to
an embodiment of the present invention;

FIG. 8 is a perspective view of a portion of a heater
element according to an embodiment of the present
invention;

FIG. 9 is a perspective view of a pin assembly ac-
cording to an embodiment of the present invention;

FIG. 10A is a schematic, side cross-sectional view of
a spacer according to an embodiment of the present
invention;

FIG. 10B is a schematic view taken at section
10B—10B of FIG. 10A;

FIG. 10C is a schematic view takem at section
10C—10C of FIG. 10A;

FIG. 11A is a schematic, side cross-sectional view of
2 base according to an embodiment of the present inven-
tion;

FIG. 11B is a schematic view taken at section
11B—11B of FIG. 11A;

FIG. 11C is a schematic view taken at section
11C—11C of FIG. 11A;

FIG. 12A is a schematic, perspective view of a com-
bined spacer base member according to an embodiment
of the present invention;

FIG. 12B is a schematic, side cross-sectional view
taken at section 12B—12B of FIG. 12A;

FIG. 12C is a schematic view taken at section
12C—12C of FIG. 12A;

FIG. 12D is a schematic view taken at section
12D—12D of FIG. 12A;

FIG. 13 is an end view of a ring according to an
embodiment of the present invention;

FIG. 14A is a schematic, perspective view of a cap
according to an embodiment of the present invention;

FIG. 14B is a schematic, side cross-sectional view
taken at section 14B—14B of FIG. 12A;

FIG. 14C is a schematic view taken at section
14C—14C of FIG. 14A;

FIG. 14D is a schematic view taken at section
14D—14D of FIG. 14A;

FIG. 15A is a schematic side view of a heater sleeve
according to an embodiment of the present invention;

FIG. 15B is an end view taken at section 15B—15B of
FIG. 15A;

FIGS. 16 and 17 are schematic side cross-sectional
views of portions of a smoking system showing air flow
paths in the smoking system; and

FIG. 18 is a schematic circuit diagram showing cir-
cuitry according to an embodiment of the invention.

DETAILED DESCRIPTION

A smoking system 21 according to the present inven-
tion is seen with reference to FIGS. 1 and 2. The smok-
ing system 21 includes a cigarette 23 and a reusable
lighter 25. The cigarette 23 is adapted to be inserted in
and removed from an orifice 27 at a front end 29 of the
lighter 25. The smoking system 21 is used in much the
same fashion as a conventional cigarette. The cigarette

NJOY Exhibit 1014.019
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23 is disposed of after one or more puff cycles. The
lighter 25 is preferably disposed of after a greater num-
ber of puff cycles as the cigarette 23.

The lighter 25 includes a housing 31 and has front and
rear portions 33 and 35. A power source 37 for supply-
ing energy to heating elements for heating the cigarette
23 is preferably disposed in the rear portion 35 of the
lighter 25. The rear portion 35 is preferably adapted to
be easily opened and closed, such as with screws or
with snap-fit components, to facilitate replacement of
the power source 37. The front portion 33 preferably
houses heating elements and circuitry in electrical com-
munication with the power source 37 in the rear portion
35. The front portion 33 is preferably easily joined to
the rear portion 35, such as with a dovetail joint or by
a socket fit. The housing 31 is preferably made from 2
hard, heat-resistant material. Preferred materials in-
clude metal-based or, more preferably, polymer-based
materials. The housing 31 is preferably adapted to fit
comfortably in the hand of a smoker and, in a presently
preferred embodiment, has overall dimensions of 10.7
cm by 3.8 cm by 1.5 cm.

The power source 37 is sized to provide sufficient
power for heating elements that heat the cigareite 23.
The power source 37 is preferably replaceable and re-
chargeable and may include devices such as a capacitor
or, more preferably, a battery. In a presently preferred
embodiment, the power source is a replaceable, re-
chargeable battery (actually four nickel cadmium bat-
tery cells connected in series) with a total, non-loaded
voltage of approximately 4.8 to 5.6 volts. The charac-
teristics required of the power source 37 are, however,
selected in view of the characteristics of other compo-
nents in the smoking system 21, particularly the charac-
teristics of the heating elements. U.S. Pat. No. 5,144,962
describes several forms of power sources useful in con-
nection with the smoking system of the present inven-

_ tion, such as rechargeable battery power sources and
quick-discharging capacitor power sources that are
charged by batteries, and is hereby incorporated by
reference.

A substantially cylindrical heating fixture 39 for heat-
ing the cigarette 23, and, preferably, for holding the
cigarette in place relative to the lighter 25, and electri-
cal control circuitry 41 for delivering a predetermined
amount of energy from the power source 37 to heating
elements (not seen in FIGS. 1 and 2) of the heating
fixture are preferably disposed in the front 33 of the
lighter. In the presently preferred embodiment, the
heating fixture 39 includes eight radially spaced heating
elements 43, seen in FIG. 3A, that are individually ener-
gized by the power source 37 under the control of the
circuitry 41 to heat eight areas around the periphery of
the cigarette 23 to develop eight puffs of a flavored
tobacco response. While other numbers of heating ele-
ments 43 may be provided, eight heater elements are
preferred, at least because there are nominally eight
puffs on a conventional cigarette and because eight
heater elements lend themselves to electrical control
with binary devices.

The circuitry 41 is preferably activated by a puff-
actuated sensor 45, seen in FIG. 2, that is sensitive either
to pressure changes or air flow changes that occur
when a smoker draws on the cigarette 23. The puff-
actuated sensor 45 is preferably disposed in the front 33
of the lighter 25 and communicates with a space inside
the heater fixture 39 and near the cigarette 23 through a
passageway 47 extending through a spacer 49 and a base
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50 of the heater fixture and, if desired, a puff sensor tube
(not shown). A puff-actuated sensor 45 suitable for use
in the smoking system 21 is described in U.S. Pat. No.
5,060,671, the disclosure of which is incorporated by
reference, and is in the form of a Model 163PC01D35
silicon sensor, manufactured by the MicroSwitch divi-
sion of Honeywell, Inc., Freeport, Ill., which activates
an appropriate one of the heater elements 43 as a result
of a change in pressure when a smoker draws on the
cigarette 23. Flow sensing devices, such as those using
hot-wire anemometry ‘principles, have also been suc-
cessfully demonstrated to be useful for activating an
appropriate one of the heater elements 43 upon detec-
tion of a change in air flow.

An indicator 51 is preferably provided on the exterior
of the lighter 25, preferably on the front 33, to indicate
the number of puffs remaining on a cigarette 23 inserted
in the lighter. The indicator 51 preferably includes a
seven-segment liquid crystal display. In the presently
preferred embodiment, the indicator 51 displays the
digit “8” when a light beam emitted by a light sensor 53,
seen in FIG. 2, is reflected off of the front of a newly
inserted cigarette 23 and detected by the light sensor.
The light sensor 53 is preferably mounted in an opening
55 in the spacer 49 and the base 50 of the heater fixture
39, seen, for example, in FIG. 3A. The light sensor 53
provides a signal to the circuitry 41 which, in turn,
provides a signal to the indicator 51. The display of the
digit “8” on the indicator 51 reflects that the preferred
eight puffs provided on each cigarette 23 are available,
i.e., none of the heater elements 43 have been activated
to heat the new cigarette. After the cigarette 23 is fully
smoked, the indicator displays the digit “0”. When the
cigarette 23 is removed from the lighter 25, the light
sensor 53 does not detect the presence of a cigarette 23
and the indicator 51 is turned off. The light sensor 53 is
modulated so that it does not constantly emit a light
beam and provide an unnecessary drain on the power
source 37. A presently preferred light sensor 53 suitable
for use with the smoking system 21 is a Type OPR5005
Light Sensor, manufactured by OPTEK Technology,
Inc., 1215 West Crosby Road, Carrollton, TX 75006.

As one of several possible alternatives to using the
above-noted light sensor 53, a mechanical switch (not
shown) may be provided to detect the presence or ab-
sence of a cigarette 23 and a reset button (not shown)
may be provided for resetting the circuitry 41 when a
new cigarette is inserted in the lighter 25, e.g., to cause
the indicator 51 to display the digit “8”, etc Power
sources, circuitry, puff-actuated sensors, and indicators
useful with the smoking system 21 of the present inven-
tion are described in U.S. Pat. No. 5,060,671 and U.S.
patent application Ser. No. 07/943,504, both of which
are incorporated by reference. The passageway 47 and
the opening 55 in the spacer 49 and the heater fixture
base 50 are preferably air-tight during smoking.

A presently preferred cigarette 23 for use with the
smoking system 21 is seen in detail in FIGS. 4A and 4B,
although the cigarette may be in any desired form capa-
ble of generating a flavored tobacco response for deliv-
ery to a smoker when the cigarette is heated by the
heating elements 43. The cigarette 23 includes a tobacco
web 57 formed of a carrier or plenum 59 which supports
tobacco flavor material 61, preferably including to-
bacco. The tobacco web 57 is wrapped around and
supported by a cylindrical back-flow filter 63 at one end
and a cylindrical first free-flow filter 65 at an opposite
end. The first free-flow filter 65 is preferably an “open-
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tube” type filter having a longitudinal passage 67 ex-
tending through the center of the first free-flow filter
and, hence, provides a low resistance to draw or free
flow.

If desired, cigarette overwrap paper 69 is wrapped
around the tobacco web 57. Types of paper useful as the
overwrap paper 69 include a low basis weight paper,
preferably a paper with a tobacco flavor coating, or a
tobacco-based paper to enhance the tobacco flavor of a
flavored tobacco response. A concentrated extract li-
quor in full or diluted strength may be coated on the
overwrap paper 69. The overwrap paper 69 preferably
possesses a minimal base weight and caliper while pro-
viding sufficient tensile strength for machine processes.
Presently preferred characteristics of a tobacco-based
paper include a basis weight (at 60% relative humidity)
of between 20-25 grams/m?2, minimum permeability of
0-25 CORESTA (defined as the amount of air, mea-
sured in cubic centimeters, that passes through one
square centimeter of material, e.g., a paper sheet, in one
minute at a pressure drop of 1.0 kilopascal), tensile
strength=2000 grams/27 mm width (1 in/min), caliper
1.3-1.5 mils, CaCOj3 content =5%, citrate 0%. Materi-
als for forming the overwrap paper 69 preferably in-
clude=75% tobacco-based sheet (non-cigar, flue- or
flue-/air-cured mix filler and bright stem). Flax fiber in
amounts no greater than that necessary to obtain ade-
quate tensile strength may be added. The overwrap
paper 69 can also be conventional flax fiber paper of
basis weight 15-20 g/m?2 or such paper with an extract
coating. Binder in the form of citrus pectin may be
added in amounts less than or equal to 1%. Glycerin in
amounts no greater than necessary to obtain paper stiff-
ness similar to that of conventional cigarette paper may
be added.

The cigarette 23 also preferably includes a cylindrical
mouthpiece filter 71, which is preferably a conventional
RTD-type (Resistance To Draw) filter, and a cylindri-
cal second free-flow filter 73. The mouthpiece filter 71
and the second free-flow filter are secured to one an-
other by tipping paper 75. The tipping paper 75 extends
past an end of the second free-flow filter 73 and is at-
tached to the overwrap paper 69 to secure an end of the
first free-flow filter 65 in position adjacent an end of the
second free-flow filter. Like the first free-flow filter 65,
the second free-flow filter 73 is preferably formed with
a longitudinal passage 77 extending through its center.
The back-flow filter 63 and the first free-flow filter 65
define, with the tobacco web 57, a cavity 79 within the
cigarette 23.

1t is preferred that the inside diameter of the longitu-
dinal passage 77 of the second free-flow filter 73 be
larger than the inside diameter of the longitudinal-pas-
sage 67 of the first free-flow filter 65. Presently pre-
ferred inside diameters for the longitudinal passage 67
are between 1-4 mm and for the longitudinal passage 77
are between 2-6 mm. It has been observed that the
different inside diameters of the passages 67 and 77
facilitates development of a desirable mixing or turbu-
lence between the aerosol developed from the heated
tobacco flavor material and air drawn in from outside
the cigarette 23 during drawing on the cigarette, result-
ing in an improved flavored tobacco response and facili-
tating exposure of more of an end of the mouthpiece
filter 71 to the mixed aerosol. The flavored tobacco
response developed by heating the tobacco flavor mate-
rial 61 is understood to be primarily in a vapor phase in
the cavity 79 and to turn into a visible aerosol upon
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mixing in the passage 77. In addition to the above-
described first free-flow filter 65 having a longitudinal
passage 67, other arrangements capable of generating
the desired mixing of the vapor phase flavored tobacco
response with introduced air include those in which a
first free-flow filter is provided in the form of a filter
having a multitude of small orifices, i.e., the first free-
flow filter may be in the form of a honeycomb or a
metal plate having multiple holes formed therein.

Air is preferably drawn into the cigarette 23 predomi-
nantly through the tobacco web 57 and the overwrap
paper 69, in a transverse or radial path, and not through
the back-flow filter 63 in a longitudinal path. As ex-
plained below, however, it is desirable to permit air
flow through the back-flow filter during a first puff on
the cigarette to lower the RTD. It is presently under-
stood that drawing air into the cigarette 23 longitudi-
nally tends to result in the aerosol developed by heating
the tobacco web 57 with the heater elements 43 ar-
ranged radially around the tobacco web not being prop-
erly removed from the cavity 79. It is presently pre-
ferred to produce a flavored tobacco response as a func-
tion almost entirely of the makeup of the tobacco web
57 and the energy level of the heater elements 43. Ac-
cordingly, the portion of the air flow through the ciga-
rette resulting from longitudinal flow through the back-
flow filter 63 is preferably minimal during smoking,
except during the first puff. Further, the back-flow filter
63 preferably minimizes the flow of aerosol in a back-
ward direction out of the cavity 79 after heating of the
tobacco flavor material 61, so that the potential for
damage to components of the lighter 25 from aerosol
flowing backward from the cigarette 23 is minimized.

The carrier or plenum 59 which supports the tobacco
flavor material 61 provides a separation between the
heating elements 43 and the flavor material, transfers
heat generated by the heater elements to the flavor
material, and maintains cohesion of the cigarette after
smoking. Preferred carriers 59 include those composed
of a non-woven carbon fiber mat, preferred because of
its thermal stability. Such carriers are discussed in
greater detail in U.S. patent application Ser. No.
07/943,504 and copending commonly-assigned U.S.
patent application Ser. No. 07/943,747, filed Sep. 11,
1992, which are incorporated by reference.

Other carriers 59 include low mass, open mesh metal-
lic screens or perforated metallic foils. For example, a
screen having a mass in the range from about 5 g/m? to
about 15 g/m? and having wire diameters in the range
from about 0.038 mm (about 1.5 mils) to about 0.076 mm
(about 3.0 mils) is used. Another embodiment of the
screen is formed of a 0.0064 mm (about 0.25 mil)-thick
foil (e.g., aluminum) having perforations with diameters
in the range from about 0.3 mm to about 0.5 mm, to
reduce the mass of the foil by about 30 percent to about
50 percent, respectively. Preferably, the perforation
pattern of such a foil is staggered or discontinuous (i.e.,
not in straight arrangement) to reduce the lateral con-
duction of heat away from the tobacco flavor material
61.

Such metallic screens and foils are incorporated into
a cigarette 23 in a variety of ways including, for exam-
ple, (1) casting a tobacco flavor slurry on a belt and
overlaying the screen or foil carrier on the wet slurry
prior to drying, and (2) laminating the screen or foil
carrier to a tobacco flavor base sheet or mat with a
suitable adhesive. Because of the possibility of electrical
shorting in or between the heater elements 43 where a
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metallic carrier is used, such carriers should generally
not be in direct contact with the heating elements.
Where a metallic carrier is used, suitable binders and
low basis weight paper, such as the overwrap paper 69,
are preferably used to provide electrical insulation be-
tween the metallic carrier 59 and the electrical heater
elements 43.

A presently preferred tobacco web 57 is formed using
a paper making-type process. In this process, tobacco
strip is washed with water. The solubles are used in a
later coating step. The remaining (extracted) tobacco
fiber is used in the construction of a base mat. Carbon
fibers are dispersed in water and sodium alginate is
added. Any other hydrocolloid which does not inter-
fere with the flavored tobacco response, is water solu-
ble, and has a suitable molecular weight to impart
strength to the tobacco web 57 may be added in lieu of
the sodium alginate. The dispersion is mixed with the
slurry of extracted tobacco fibers and optional flavors.
The resultant mixture is wet-laid onto a fourdriner wire
and the web is passed along the remainder of a tradi-
tional paper making machine to form a base web. The
solubles removed by washing the tobacco strip are
coated onto one side of the base web, preferably by a
standard reverse roll coater located after a drum or
Yankee dryer. The tobacco solubles/tobacco dust or
particulate ratio is preferably varied between a 1:1 and
a 20:1 ratio. The slurry may also be cast or extruded
onto the base mat. Alternatively, the coating step is
produced off-line. During or after the coating step,
flavors that are conventional in the cigarette industry
are added. Pectin or another hydrocolloid is added,
preferably in a range of between 0.1 to 2.0%, to im-
prove the coatability of the slurry.

Whichever type of carrier 59 is used, tobacco flavor
material 61 which is disposed on the inner surface of the
carrier liberates flavors when heated and is able to ad-
here to the surface of the carrier. Such materials include
continuous sheets, foams, gels, dried slurries, or dried
spray-deposited slurries, which preferably, although
not necessarily, contain tobacco or tobacco-derived
materials, and which are more fully discussed in the
above-incorporated U.S. patent application Ser. No.
07/943,747.

Preferably, a humectant, such as glycerin or propy-
lene glycol is added to the tobacco web 57 during
processing in amounts equalling between 0.5% and 10%
of humectant by the weight of the web. The humectant
facilitates formation of a visible aerosol by acting as an
aerosol precursor. When a smoker exhales an aerosol
containing the flavored tobacco response and the hu-
mectant, the humectant condenses in the atmosphere,
and the condensed humectant provides the appearance
of conventional cigarette smoke.

The cigarette 23 is preferably a substantially constant
diameter along its length and, like conventional ciga-
rettes, is preferably between approximately 7.5 mm and
8.5 mm in diameter so that a smoker has a similar
“mouth feel” with the smoking system 21 as with a
conventional cigarette. In the presently preferred em-
bodiment, the cigarette 23 is 58 mm in length, overall,
thereby facilitating the use of conventional packaging
machines in the packaging of such cigarettes. The com-
bined length of the mouthpiece filter 71 and the second
free-flow filter 73 is preferably 30 mm. The tipping
paper 75 preferably extends 5 mm past the end of the
second free-flow filter 73 and over the tobacco web 57.
The length of the tobacco web 57 is preferably 28 mm.
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The tobacco web 57 is supported at opposite ends by
the back-flow filter 63, which is preferably 7 mm in
length, and the first free-flow filter 65, which is prefera-
bly 7 mm in length. The cavity 79 defined by the to-
bacco web 57, the back-flow filter 63, and the first free-
flow filter 65 is preferably 14 mm in length.

When the cigarette 23 is inserted in the orifice 27 in
the first end 29 of the lighter 25, it abuts or nearly abuts
an inner bottom surface 81 of the spacer 49 of the heater
fixture 39, seen in FIG. 3A, adjacent the passageway 47
communicating with the puff-actuated sensor 45 and the
opening 55 for the light sensor 53. In this position, the
cavity 79 of the cigarette 23 is preferably adjacent the
heater elements 43 and substantially all of that portion
of the cigarette including the second free-flow filter 73
and the mouthpiece filter 71 extends outside of the ligh-
ter 25. Portions of the heater elements 43 are preferably
biased radially inward to facilitate holding the cigarette
23 in position relative to the lighter 25 and so that they
are in a thermal transfer relationship with the tobacco
web 57, either directly or through the overwrap paper
69. Accordingly, the cigarette 23 is preferably com-
pressible to facilitate permitting the heater elements 43
to press into the sides of the cigarette.

Air flow through the cigarette 23 is accomplished in
several ways. For example, in the embodiment of the
cigarette 23 shown in FIGS. 4A and 4B, the overwrap
paper 69 and the tobacco web 57 are sufficiently air
permeable to obtain a desired RTD such that, when a
smoker draws on the cigarette, air flows into the cavity
79 transversely or radially through the overwrap paper
and the tobacco web. As noted above, an air-permeable
back-flow filter 69 may be used to provide longitudinal
air flow into the cavity 79.

If desired, transverse air flow into the cavity 79 is
facilitated by providing a series of radial perforations
(not shown) through the overwrap paper 69 and the
tobacco web 57 in one or more regions adjacent the
cavity. Such perforations have been observed to im-
prove the flavored tobacco response and aerosol forma-
tion. Perforations having a density of approximately 1
hole per 1-2 square millimeters and a hole diameter of
between 0.4 mm and 0.7 mm are provided through the
tobacco web 57. This results in preferred CORESTA
porosity of between 100-500. The overwrap paper 69,
after perforation, preferably has a permeability of be-
tween 100 and 1000 CORESTA. Of course, to achieve
desired smoking characteristics, such as resistance to
draw, perforation densities and associated hole diame-
ters other than those described above may be used.

Transverse air flow into the cavity 79 is also facili-
tated by providing perforations (not shown) through
both the overwrap paper 69 and the tobacco web 57. In
forming a cigarette 23 having suchperforations, the
overwrap paper 69 and the tobacco web 57 are attached
to one another and then perforated together or are
perforated separately and attached to one another such
that the perforations in each align or overlap.

A presently preferred embodiment of the heater fix-
ture 39 is seen with reference to FIGS. 3A-3B. An
exploded view of a modified embodiment of a heater
fixture 39A having a combined spacer and base member
49A is seen with reference to FIG. §. The member 49A
of the heater fixture 39A replaces the spacer 49 and base
50 of the heater fixture 39 shown in FIG. 3A. The gen-
eral functions of providing a space for receiving a ciga-
rette 23 and of providing heater elements for heating the
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cigarette may, of course, be accomplished with heater
fixtures other than those shown in FIGS. 3A-3B and 5.

With reference to FIGS. 3A-3B, the heater fixture 39
is disposed in the orifice 27 in the lighter 25. The ciga-
rette 23 is inserted, back-flow filter 63 first, in the orifice
27 in the lighter 25 into a substantially cylindrical space
of the heater fixture 39 defined by a ring-shaped cap 83
having an open end for receiving the cigarette, an op-
tional, cylindrical protective heater sleeve 85, a cylin-
drical air channel sleeve 87, a heater assembly 89 includ-
ing the heater elements 43, an electrically conductive
pin or common lead assembly 91, which serves as a
common lead for the heater elements of the heater as-
sembly, and the spacer 49. The bottom inner surface 81
of the spacer 49 stops the cigarette 23 in a desired posi-
tion in the heater fixture 39 such that the heater ele-
ments 43 are disposed adjacent the cavity 79 in the
cigarette. In the heater fixture 39A shown in FIG. 5, the
bottom inner surface 81A of the member 49A stops the
cigarette 23 in the desired position in the heater fixture.

Substantially all of the heater fixture 39 is disposed
inside and secured in position by a snug fit with the
housing 31 of the front 33 of the lighter 25. A forward
edge 93 of the cap 83 is preferably disposed at or ex-
tending slightly outside the first end 29 of the lighter 25
and preferably includes an internally beveled or
rounded portion to facilitate guiding the cigarette 23
into the heater fixture 39. Portions of the heater ele-
ments 43 of the heater assembly 89 and pins 95 of the pin
assembly 91 are secured around an exterior surface 97 of
the spacer 49 in a friction fit by a ring 99. Rear ends 101
of the heater elements 43 and rear ends 103 of, prefera-
bly, two of the pins 95 are preferably welded to pins 104
securely fitted in and extending past a bottom outer
surface 105, seen in FIG. 3B, of the base 50 through
holes 107 in the base for connection to the circuitry 41
and the power source 37. The pins 104 are preferably
sufficiently well attached to the base 50 so that they
block air flow through the holes 107. The pins 104 are
preferably received in corresponding sockets (not
shown), thereby providing support for the heater fix-
ture 39 in the lighter 25, and conductors or printed
circuits lead from the socket to the various electrical
elements. The other two pins 95 provide additional
support to strengthen the pin assembly 91. The passage-
way 47 in the spacer 49 and the base 50 communicates
with the puff-actuated sensor 45 and the light sensor 53
senses the presence or absence of a cigarette 23 in the
lighter 25.

Similarly, in the heater fixture 39A shown in FIG. 5,
portions of the heater elements 43 of the heater assem-
bly 89 and pins 95 of the pin assembly 91 are secured
around an exterior surface 97A of the member 49A in a
friction fit by a ring 99. Rear ends 101 of the heater
elements 43 and rear ends 103 of preferably two of the
pins 95 extend past a bottom outer surface 105A of the
member 49A for connection to the circuitry 41 and the
power source 37.

The member 49A is preferably formed with a flanged
end 109 in which at least two grooves or holes 107A are
formed and through which the rear ends 103 of two of
the pins 95 extend past the bottom outer surface 105A.
The other two pins 95 provide additional strength to the
pin assembly 91. The rear ends 101 of the heater ele-
ments 43 are bent to conform to the shape of the flanged
end 109 and extend past the bottom outer surface 105A
radially outside of an outer edge 111 of the flanged end.
The passageway 47 in the member 49A. communicates
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with the puff-actuated sensor 45 and the light sensor 53
senses the presence or absence of a cigarette 23 in the
lighter 25.

The heater assembly 89, seen in FIGS. 3A, 5, and 6,
is preferably formed from a single, laser-cut sheet of a
so-called super-alloy material exhibiting a combination
of high mechanical strength and resistance to surface
degradation at high temperatures. The sheet is cut or
patterned, such as by being stamped or punched or,
more preferably, by means of a CO; laser, to form at
least a general outline 115, seen in FIG. 7, of the heater
assembly 89.

In the outline 115, the heater elements 43 are attached
to one another at their rear ends 101 by a rear portion
117 of the cut sheet outline 115 and, at front ends 119,
by a portion that forms a front portion 121 of the heater
assembly 89. Two side portions 123 extend between the
rear portion 117 and the front portion 121. The rear
portion 117 and the side portions 123, while not forming
a part of the finished heater assembly 89, facilitate han-
dling of the outline 115 during processing.

After the outline 115 is formed, the heater elements
43 each have a wide portion 125, which, in the finished
heater assembly 89, is disposed adjacent the tobacco
web 57, and a narrow portion 127 for forming electrical
connections with the circuitry 41. If desired, the narrow
portion 127 of each heater element 43 is provided with
tabs 129 near the rear end 101 to facilitate forming
welded connections with the pins 104 or for being fixed
in sockets (not shown) for electrical connection with
the circuitry 41. The general outline 115 is further pro-
cessed, preferably by further cutting with a laser, to
form a serpentine-shaped “footprint” 131, seen in FIGS.
6 and 8, from the wide portion 125. Of course, if desired,
the footprints 131 may be cut at the same time as the
general outline 115.

The cut or patterned sheet is preferably electropol-
ished to smooth the edges of the individual heater ele-
ments 43. The smoothed edges of the heater elements 43
facilitate insertion of the cigarette 23 in the lighter 25
without snagging. The cut or patterned sheet is rolled
around a fixture (not shown) to form a cylindrical
shape. The rear portion 117 and the side portions 123
are cut away and edges 133 of the front portion 121 are
welded together to form a single piece, or integrated,
heater assembly 89, such as is shown in FIG. 6.

The heater assembly 89 may also be made by any one
of various other available methods. For example, in
accordance with one alterpative method, the heater
assembly 89 is formed from a sheet that is initially
formed into a tube (not shown) and then cut to form a
plurality of individual heater elements as in FIG. 6.
Further, the heater assembly 89 may be formed from a
plurality of discrete heater elements 43 that are at-
tached, such as by spot-welding, to a common ring or
band (not shown) serving the same functions, such as
serving as an electrical common for the heater elements
and providing mechanical support for the heater ele-
ments, as the front portion 121. Further still, the for-
ward portion 121 of the heater assembly 89 may be
welded or otherwise attached around a sizing ring (not
shown) having an inside diameter substantially equal to
the cigarette 23. The sizing ring facilitates maintaining
the cylindrical heater assembly in a desired shape and
offers additional strength.

The pin assembly 91 seen in FIG. 9 is preferably
formed by any one of several methods similar to those
described above with reference to the heater assembly
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89. Like the heater assembly 89, the individual pins 95
and a band-shaped portion for forming a front portion
135 of the pin assembly 91 are also preferably cut from
a flat sheet of electrically conductive material, and are
rolled and welded to form a cylindrical shape. The pin
assembly 91 is preferably formed with an inside diame-
ter substantially equal to the outside diameter of the
heater assembly 89. The front portion 121 of the heater
assembly 89 is then fitted inside the front portion 135 of
the pin assembly 91 and the two portions are secured to
one another, preferably by spot welding, such that the
four pins 95 are disposed in open spaces between adja-
cent pairs of heater elements 43. As seen in FIG. 3B, the
four pins 95 (only two of which are actually electrically
connected to pins 104 extending through the base 50 in
the preferred embodiment) are preferably radially dis-
posed at 22.5° angles to adjacent ones of the eight heater
elements 43 and their connected pins 104 extending
through the base.

The various embodiments of the lighter 25 according
to the present invention are all designed to allow deliv-
ery of an effective amount of flavored tobacco response
to the smoker under standard conditions of use. Particu-
larly, it is presently understood to be desirable to deliver
between 5 and 13 mg, preferably between 7 and 10 mg,
of aerosol to a smoker for 8 puffs, each puff being a 35
ml puff having a two-second duration. It has been found
that, in order to achieve such delivery, the heater ele-
ments 43 should be able to reach a temperature of be-
tween about 200° C. and about 900° C. when in a ther-
mal transfer relationship with the cigarette 23. Further,
the heater elements 43 should preferably consume be-
tween about 5 and about 40 Joules of energy, more
preferably between about 10 Joules and about 25 Joules,
and even more preferably about 15 Joules. Lower en-
ergy requirements are enjoyed by heater elements 43
that are bowed inwardly toward the cigarette 23 to
improve the thermal transfer relationship.

Heater elements 43 having desired characteristics
preferably have an active surface area of between about
3 mm? and about 25 mm? and preferably have a resis-
tance of between about 0.5 ) and about 3.0 Q. More
preferably, the heater elements 43 should have a resis-
tance of between about 0.8 Q and about 2.1 Q. Of
course, the heater resistance is also dictated by the par-
ticular power source 37 that is used to provide the nec-
essary electrical energy to heat the heater elements 43.
For example, the above heater element resistances cor-
respond to embodiments where power is supplied by
four nickel-cadmium battery cells connected in series
with a total non-loaded power source voltage of ap-
proximately 4.8 to 5.8 volts. In the alternative, if six or
eight such series-connected batteries are used, the
heater elements 43 should preferably have a resistance
of between about 3 Q and about 5 Q or between about
5 Q and about 7 Q, respectively.

The materials of which the heater elements 43 are
made are preferably chosen to ensure reliable repeated
uses of at least 1800 on/off cycles without failure. The
heater fixture 39 is preferably disposable separately
from the lighter 25 including the power source 37 and
the circuitry, which is preferably disposed of after 3600
cycles, or.more. The heater element materials are also
chosen based on their oxidation resistance and general
lack of reactivities to ensure that they do not oxidize or
otherwise react with the cigarette 23 at any temperature
likely to be encountered. If desired, the heater elements
43 are encapsulated in an inert heat-conducting material
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such as a suitable ceramic material to further avoid
oxidation and reaction.

Based on these criteria, materials for the electric heat-
ing means include doped semiconductors (e.g., silicon),
carbon, graphite, stainless steel, tantalum, metal ceramic
matrices, and metal alloys, such as, for example, nickel-,
chromium- , and iron-containing alloys. Suitable metal-
ceramic matrices include silicon carbide aluminum and
silicon carbide titanium. Oxidation resistant intermetal-
lic compounds, such as aluminides of nickel and alumi-
nides of iron are also suitable.

More preferably, however, the electric heater ele-
ments 43 are made from a heat-resistant alloy that exhib-
its a combination of high mechanical strength and resis-
tance to surface degradation at high temperatures. Pref-
erably, the heater elements 43 are made from a material
that exhibits high strength and surface stability at tem-
peratures up to about 80 percent of their melting points.
Such alloys include those commonly referred to as
super-alloys and are generally based on nickel, iron, or
cobalt. Preferably, the super alloy of the heater ele-
ments 43 includes aluminum to further improve the
heater element’s performance (e.g., oxidation resis-
tance). Such a material is available from Haynes Inter-
national, Inc. of Kokomo, Ind., under the name Hayn-
es® 2141 alloy. This high-temperature material
contains, among other elements, about 75% nickel,
about 16% chromium, about 4.5% aluminum and about
3% iron by weight.

As noted above, the individual heater elements 43 of
the heater assembly 89 preferably include a “footprint”
portion 131 having a plurality of interconnected curved
regions—substantially S-shaped—to increase the effec-
tive resistance of each heater element. The serpentine
shape of the footprint 131 of the heater elements 43
provide for increased electrical resistance without hav-
ing to increase the overall length or decrease the cross-
sectional width of the heater element. Heater elements
43 having a resistance in the range from about 0.5 Q to
about 3 Q and having a foot-print length adapted to fit
in the heater fixture 39 of FIG. 3A and the heater fixture
39A of FIG. 5 preferably have N interconnected S-
shaped regions, wherein N is in the range from about
three to about twelve, preferably, from about six to
about ten.

If the heater footprint 131 shown in FIG. 8 is first cut
into the shape of the wide portion 125 of FIG. 7, such
that the wide portion has a width W1, length L1 and
thickness T, the resistance from one end 125’ to the
opposite end 125" of the wide portion is represented by
the equation:

p-Ll
R=%r7

where p is the resistivity of the particular material being
used. After forming the footprint 131, the resistance of
the footprint is increased since the effective electrical
length of the resistance heater element 43 is increased
and the cross-sectional area is decreased. For example,
after the footprint is formed in the heater element 43,
the current path through the heater element is along a
path P. The path P has an effective electrical length of
approximately 9 or 10-W1 (for the nearly five complete
turns of the footprint of the heater element), in contrast
to the initial electrical length of L1. Furthermore, the
cross-sectional area has decreased from W1-T to W2.T.
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In accordance with the present invention, both the
increase in electrical length and decrease in cross-sec-
tional area have a tendency to increase the overall elec-
trical resistance of the heater element 43, as the electri-
cal resistance is proportional to electrical length and
inversely proportional to cross-sectional area.

Thus, forming the footprint 131 in the heater element
43 allows a smaller volume of conducting material to be
used to provide a given predetermined resistance over a
given heated surface area, e.g. 3 mm?2 to 25 mm?2. This
feature of the present invention provides at least three
benefits.

First, for a given resistance, the heater element 43 is
formed from a rectangular sheet having a length that, if
formed as a linear element, would have to be longer.
This allows a more compact heater fixture 39 and ligh-
ter 25 to be manufactured at a lower cost.

Second, because the energy required to heat a heater
element 43 to a_given operating temperature in still air
increases as the mass of the heater element increases, the
serpentine heater element is energy-efficient in that it
provides a given resistance at reduced volumes. For
example, if the volume of a heater element 43 is reduced
by a factor of two, the mass is also reduced by the same
factor. Thus, since the energy required to heat a heater
element 43 to a given operating temperature in still air is
substantially proportional to the mass and heat capacity
of the heater element, reducing the volume by a factor
of two also reduces the required energy by two. This
results in a2 more energy-efficient heater element 43.

A third benefit of the reduced volume of the serpen-
tine heater element 43 is related to the time response of
the heater element. The time response is defined as the
length of time it takes a given heater element 43 to
change from a first temperature to a second, higher
temperature in response to a given energy input. Be-
cause the time response of a heater element 43 is gener-
ally substantially proportional its mass, it is desirable
that a heater element with a reduced volume also have
a reduced time response. Thus, the serpentine heater
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elements 43, in addition to being compact and energy- -

efficient, are also able to be heated to operating temper-
atures quicker. This feature of the present invention also
results in a more efficient heater element 43.

Thus, by providing a plurality of turns in the heater
elements 43 (e.g., in the shape of a serpentine pattern),
the resistance of the heater element is increased without
the need to increase the length or decrease the cross-
sectional area of the heater element. Of course, patterns
other than that of the heater element 43 shown in FIG.
8 are available to employ the principles embodied in
that configuration and thereby also provide a2 compact
and efficient heater element.

The footprint 131 is cut into the heater elements 43 by
any compatible method, preferably by a laser (prefera-
bly a CO;laser). Because of the small geometries used in
the serpentine heater elements 43 (for example, gap B in
FIG. 8 is preferably on the order of from about 0.1 mm
to about 0.25 mm) laser cutting is preferable over other
methods for cutting the footprint 131. Because laser
energy is adapted to be concentrated into small vol-
umes, laser energy facilitates versatile, fast, accurate
and automated processing. Furthermore, laser process-
ing reduces both the induced stress on the material
being cut and the extent of heat-affected material (i.e.,
oxidized material) in comparison to other methods of
cutting (e.g., electrical discharge machining). Other
compatible methods include electrical discharge ma-
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chining, precision stamping, chemical etching, and
chemical milling processes. It also possible to form the
footprint portion 131 with conventional die stamping
methods, however, it is understood that die wear makes
this alternative less attractive, at least for serpentine
designs.

In addition to employing a laser for cutting the ser-
pentine heater elements 43, a laser is preferably also
used to efficiently bond together various components of
the lighter (preferably an yttrium-aluminum-garnet
(YAG) laser). For example, the heater assembly 89 and
the pin assembly 91 are preferably spot-welded to one
another employing a CO; or YAG laser. Additionally,
the rear ends 101 or the tabs 129 of the heater elements
43 are also preferably laser welded to the electrical
terminal pins 104 in the base 50 or to appropriate circuit
elements or sockets. Of course, various conventional
bonding methods exist for bonding together various
components of the lighter.

Potentially damaging thermally induced stresses in
the heating elements 43 are minimized in accordance
with the present invention. As seen with reference to
FIG. 6, the rear end portions 101 (or the tabs 129)
which are welded to the pins 104 or other electrical
circuitry or components, and the footprint portions 131,
which generate heat, are formed as a single-piece heater
element 43, thereby avoiding the necessity of welding
together separate footprint portions and end portions.
Such welding has been observed to produce undesired
distortions during heating of heater elements. Longitu-
dinal centerlines of the end portions 101 or tabs 129 are
preferably aligned with centerlines of the footprint por-
tions 131. Non-aligned centerlines have also been ob-
served to cause distortions during heating of heater
elements. Further, the opposite ends 131’ and 131" of
the footprints 131 preferably meet with the non-serpen-
tine portions of the heater element 43 in a symmetrical
fashion, i.e., each points in the same direction. The
symmetry of the ends 131’ and 131" tends to prevent the
ends of the footprints 131 from twisting in opposite
directions during heating and thereby damaging the
footprint. The transition areas 137’ and 137" at the ends
131" and 1317, respectively, of the footprint 131 and
between the non-serpentine portions of the heater ele-
ment 43 and the ends are preferably beveled, as seen in
FIG. 6. The beveled transition areas 137’ and 137" are
also presently understood to reduce thermally induced
stresses.

The heater elements 43 and the heater fixture 39 are
provided with additional characteristics to avoid other
problems associated with heating and repeated heating.
For example, it is expected that, during heating, the
heater elements 43 tend to expand. As the heater ele-
ments 43 are fixed between the positionally fixed front
end 135 of the pin assembly 91 attached to the front
portion 121 of the heater assembly 89 and the ring 99
near the rear ends 101 of the heater elements, expansion
of the heater elements tends to result in either desired
inward bending of the heater elements toward the ciga-
rette 23 or undesired outward bending away from the
cigarette. Outward bending tends to leave a thermal gap
between the heater element 43 and the cigarette 23. This
results in inefficient and inconsistent heating of the to-
bacco web 57 because of the varying degree of interfa-
cial contact between the heater element surfaces and the
cigarette.

To avoid outward bowing, the individual heater ele-
ments 43 of the heater assembly 89 are preferably
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shaped to have a desired inward bowing, seen in FIG.
3A. The inward bowing facilitates ensuring a snug fit
and good thermal contact between the heater elements
43 and the cigarette 23. The inwardly bowed shape of
the heater elements 43 is provided by any desired one of
a number of possible methods, such as by shaping a
cylindrical heater, such as that shown in FIG. 6, on a
fixture (not shown) having the desired inward bow.
Preferably, the inwardly bowed shape is formed in the
heater elements 43 in a die and press (not shown) prior
to shaping the heater assembly 89 into a cylinder. The
inwardly bowed shape of the heater elements 43 tends
to result in further inward bowing if the heater elements
expand during heating. The bowing is preferably fairly
gentle over the length of the footprint 131. The beveled
transition areas 137’ and 137" may be more sharply bent
than the more delicate footprint 131. In this manner, it
is understood that concentration of thermal stresses at
more vulnerable portions of the heater elements 43 is
avoided.

If desired, a ring (not shown) is provided around the
footprint 131 of the heater elements 43. The ring is
understood to serve as a heat sink and, when the foot-
prints 131 of the heater elements 43 expand upon heat-
ing, the footprints are caused to expand inwardly,
toward the cigarette 23.

In addition to the above-described heater assembly
89, the heater fixture 39 shown in FIG. 3A also includes
the spacer 49 and the heater fixture base 50. The spacer
49, seen alone in FIGS. 10A-10C, has a cylindrical
outer surface 97 to which the pins 91 and the heater
elements 43 are secured in a friction fit by the ring 99.
The spacer 49 further includes a bottom wall 139, the
bottom inner surface 81 of which serves to block further
movement of the cigarette 23 into the lighter 25 so that
the cigarette is properly positioned relative to the
heater elements 43, and a cylindrical inner wall 141 to
permit passage of the cigarette into the spacer. A por-
tion 47" of the passageway 47 for communication with
the puff-actuated sensor 45 is formed in the bottom wall
139. The portion 47’ is preferably in the form of a hole
or bore extending through the bottom wall 139 parallel
to a centerline of the spacer 49. Also, a portion 55’ of the
opening 55 for the light sensor 53 is formed in the bot-
tom wall 139. A first puff orifice 143 extends from the
outer surface 97 of the spacer 49 to the portion 55’ of the
opening. The first puff orifice 143 facilitates providing a
preferred RTD during a first draw on a cigarette 23 by
providing an additional passage for air flow from the
area surrounding the cigarette to an area adjacent the
back-flow filter 63. Because the tobacco web 57 and the
overwrap paper 69 tend to restrict air flow into the
cigarette 23 until after a heater element 43 has heated an
area of the cigarette, the first puff orifice 143 provides
air flow to the area of the heater fixture 39 by the back-
flow filter 63 of the cigarette. The back-flow filter 63
permits sufficient air flow into the cigarette 23 to pro-
vide a lower RTD than would otherwise be experi-
enced. The back-flow filter 63 is, however, preferred to
be as “tight” as possible, while still permitting the
above-mentioned air flow during the first puff, so that
aerosol remaining in the cavity 79 after a draw on the
cigarette 23 does not pass back into the lighter 25
through the back-flow filter. After the first puff on the
cigarette 23, the area of the tobacco web 57 and the
overwrap paper 69 that was heated by the firing of a
heater element 43 becomes more air-transmissive. Ac-
cordingly, the air flow through the first puff orifice 143
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and the back-flow filter becomes insignificant for puffs
on the cigarette 23 after the first puff.

The base 50, seen alone in FIGS. 11A-~11C, is sub-
stantially cylindrical in shape and includes a bottom
wall 151, the pins or leads 104 for connection with the
pins 95 and the heater elements 43 extending through
the holes 107 formed in the bottom wall and past the
bottom outer surface 105 of the base. The base 50 is
preferably formed with a cylindrical outer surface 153
and a cylindrical inner wall 155, the inner wall having a
diameter larger than the outside diameter of the spacer
49 and substantially equal to the outside diameter of the
ring 99. The spacer 49 is preferably held in place rela-
tive to the base 50 by a friction fit between an inner wail
169 of the air channel sleeve 87, the ring 99, and the
outer surface 97 of the spacer. As discussed further
below, means are provided for securing the air channel
sleeve 87 to the base 50. The spacer and base 50 may be
secured by other or additional means, such as by adhe-
sive, by screws, and by snap-fits. Further, one or more
longitudinal ridges and grooves (not shown) may be
formed on the spacer and the base 50 to facilitate ensur-
ing a desired angular relationship between the spacer
and the base. A portion 47" of the passageway 47 is
formed in the bottom wall 151 and preferably extends
from near a centerline of the base 50 to a peripheral
edge of the base. If desired, the portion 47" is partially
in the form of a groove in the bottom inner surface 157
of the base, the groove being made air-tight upon instal-
lation of the spacer 49. Preferably, the portion 47" is in
the form of intersecting longitudinal and radial bored
holes in the bottom wall 151. A portion 55” of the open-
ing 55 is formed in the bottom wall. The portions 47
and 55’ of the spacer 49 are aligned with the portions
47" and 55", respectively, of the base 50 to form the
passageway 47 and the opening 55.

The member 49A in the embodiment of the heater
fixture 39A shown in FIG. 5 is further seen with refer-
ence to FIGS. 12A-12D. The member 49A has a cylin-
drical outer surface 97A to which the pins 95 and the
heater elements 43 are secured by the ring 99. The mem-
ber 49A further includes a bottom wall 139A, the bot-
tom inner surface 81A of which serves to block further
movement of the cigarette 23 into the lighter 25 so that
the cigarette is properly positioned relative to the
heater elements 43 and a cylindrical inner wall 141A of
the member to permit passage of the cigarette into the
member. A first puff orifice (not shown) may also be
provided in the member 49A. The passageway 47A for
communication with the puff-actuated sensor 45 is
formed in the bottom wall 139A. The passageway 47A
is preferably in the form of a hole or bore extending
through the bottom wall 139A parallel to a centerline of
the member 49A. Also, the opening 55A for the light
sensor 53 is formed in the bottom wall 139A. As noted
above, rear ends 101 of the heater elements 43 and rear
ends 103 of, preferably, at least two of the pins 95 ex-
tend past a bottom outer surface 105A of the member
49A for connection to the circuitry 41 and the power
source 37. The member 49A is preferably formed with
a flanged end 109 in which at least two grooves or holes
107A are formed and through which the rear ends 103
of two of the pins 95 extend past the bottom outer sur-
face 105A. The rear ends 101 of the heater elements 43
are bent to conform to the shape of the flanged end 109
and extend past the bottom outer surface 105A radially
outside of an outer edge 111 of the flanged end. The air
channel sleeve 87A fits around the outer edge 111 of the
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flanged end 109 to further secure the ends 101 of the
heater elements 43 in position.

Except where otherwise noted, the following discus-
sion of the smoking system 21 refers, for purposes of
ease of reference, primarily to components of the heater
fixture 39 shown in FIG. 3A-3B. It is, however, under-
stood that the discussion is generally applicable to the
embodiment of the heater fixture 39A shown in FIG. 5,
as well as to other embodiments not specifically shown
or discussed herein. As noted above, the heater fixture
can include other devices capable of performing the
various functions of the heater fixture, such as provid-
ing a space adjacent to heater elements for heating the
cigarette.

An end view of the ring 99 that secures the heater
elements 43 and pins 95 around exterior surface 97 of
the spacer 49 of FIG. 3A is seen with reference to FIG.
13. The inside diameter of the ring 99 is sufficiently
large to permit_the ring to surround and secure the
heater elements 43 to the cylindrical exterior surface 97
by a friction fit. Longitudinal grooves 159 are formed at
90° angles to one another around the inner periphery of
the ring 99 to receive the generally thicker pins 95 so
that the ring is adapted to surround and secure the pins
to the exterior surface 97.

The air channel sleeve 87 is attached, at a first end
161, to the base 50 and, at a second end 163, to the cap
83. The first end 161 of the air channel sleeve 87 is
preferably formed with an external ridge 165 for engag-
ing an internal groove 167 on the inner wall 155 of the
base 50. Likewise, the second end 163 of the air channel
sleeve 87 is preferably formed with an external ridge
171 for engaging an internal groove 173 on an inner rim
175 of the cap 83. The air channel sleeve 87A of the
embodiment of the heater fixture 39A shown in FIG. 5
differs from the embodiment of the air channel sleeve 87
shown in FIG. 3 in that the first end 161A of the air
channel sleeve 87A is preferably formed with an inter-
nal groove 165A for engaging an external ridge 167A
on the outer edge 111 of the flanged end 109 of the
member 49A. Portions of the heater elements 43 near
the rear ends 101 extend between the engaging portions
of the member 49A and the air channel sleeve 87A. As
discussed further below with reference to FIG. 17, if
desired to increase air flow, one or more radial holes or
bores may be provided through portions of the heater
fixture 39 such as the air channel sleeve 87, preferably at
points along the length of the air channel sleeve where
air flow is not blocked or caused to travel through a
tortuous path by the cap 83 or the spacer 49 before
reaching the cigarette 23.

The cap 83 of the heater fixture 39 seen in FIG. 3A
and the cap 83A of the heater fixture 39A seen in FIG.
5 are similar in all respects except that the cap 83 in-
cludes a longer inner wall 177 than the inner wall 177A
of the cap 83A. The inside diameter of the inner wall
177 of the cap 83 is preferably no larger than the outside
diameter of the cigarette 23, and is preferably slightly
smaller so that the cigarette is compressed upon inser-
tion in the lighter 25 and held securely in place in an
interference fit. The longer inner wall 177 of the cap 39
is preferred and provides added support to the cigarette
23. For purposes of discussion, the cap 83A is shown
alone in FIGS. 14A-14D.

The cap 83A is formed with a plurality longitudinal
holes or passages 179A extending through the cap from
the rounded or beveled forward end 93A to a rear face
181A for providing a flow of air into the space in the
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heater fixture 39A for receiving the cigarette 23, be-
tween the cigarette and the air channel sleeve 87 so that
a transverse (i.e., radially inward) flow of air passes
through the tobacco web 57 by the footprints 131 of the
heater elements 43. As seen in FIG. 3A, in the preferred
embodiment of the cap 83 of the heater fixture 39, the
holes or passages 179 are formed to be larger near the
rear face 181 than near the forward end 93 to facilitate
obtaining a desired RTD. In another embodiment of the
cap, the longitudinal holes or bores are replaced with
longitudinal grooves (not shown) that are formed on the
inner wall of the cap. With reference to FIGS.
14A-14D, a circumferential groove 183A is formed in
the rear face 181A to receive and support the optional
protective heater sleeve 85, seen alone in FIGS.
15A-15B. The heater sleeve 85 is a tubular member
having first and second ends 185 and 187, either one of
which are adapted to be received in the groove 183A.
The circumferential groove 183A is formed on a larger
radius than the bores or passages 179A to facilitate
introduction of air into the heater fixture 39 when a
smoker draws on the cigarette 23.

The cap 83, seen in FIG. 3A, may be formed by a
molding or a machining process. The cap is preferably
formed by molding a single piece cap, such as the cap
83A in FIG. 5. If formed by machining, the cap 83 is
preferably formed in two pieces, an outer piece 83’ and
an inner piece 83", seen in FIG. 3A, that are fitted to-
gether. A circumferential recess is formed in the outer
surface of the inner piece 83" prior to fitting the inner
piece inside the outer piece 83’ the recess forming the
groove 183 when the inner and outer pieces are at-
tached. The machined two piece cap 83 thereby avoids
the necessity of machining a single piece cap to form the
groove 183.

The heater sleeve 85 is removed, discarded and re-
placed with a new heater sleeve by the smoker at any
desired smoking interval (e.g., after smoking 30-60
cigarettes 23). The heater sleeve 85 prevents exposing
the inner wall 169 of the air channel sleeve 87 to resid-
ual aerosol that is generated in the region between the
heating elements 43 and the air channel sleeve. Such
aerosol is, instead, exposed to the heater sleeve 85.

The heater sleeve 85 is made from a heat-resistant
paper- or plastic-like material that is replaced by the
smoker after a plurality of cigarettes 23 have been
smoked. Thus, in contrast to the “tube-in-tube” con-
struction including an aerosol barrier tube attached to
the tobacco flavor unit described in above-incorporated
U.S. patent application Ser. No. 07/943,504, which is
discarded with the flavor unit after it has been smoked,
the heater sleeve 85 of the present smoking system 21 is
adapted to be re-used. Accordingly, manufacturing of
the cigarette 23 is simplified and the volume of material
to be discarded after each cigarette has been smoked is
reduced.

FIG. 16 schematically shows the preferred air flow
patterns that are developed in the heater fixture 39 and
the cigarette 23 when a smoker draws through the
mouthpiece filter 71. Air is drawn, as a result of suction
at the mouthpiece filter 71, through the longitudinal
bores or passages 179, into the interior of the heater
fixture 39 between the air channel sleeve or the heater
sleeve (not numbered in this view), past the heater ele-
ments (not shown) in contact with the cigarette 23, and
through the air permeable outer wrapper 69 and the
tobacco web 57 (or through perforations formed
therein) and into the cavity 79 in the cigarette. From the
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cavity 79, the air flows into the longitudinal passage 67
in the first free-flow filter 65, the longitudinal passage
77 in the second free-flow filter 73, and through the
mouthpiece filter 71 to the smoker. The quantity and
size of the passages 179 are selected to optimize total
particulate matter (TPM) delivery to the smoker. In the
presently preferred embodiment, six or eight passage-
ways 179 are formed in the cap 83.

As seen in FIG. 17, if desired, other air passages are
provided, instead of or in addition to the passages 179,
to permit air to enter the interior of the heater fixture 39
and the cavity 79 of the cigarette 23. For example, one
or more radial passages 189 may be formed in the heater
fixture 39, at any desired position, usually in the air
channel sleeve. Longitudinal passageways 191 may be
formed in the heater fixture 39 through the base or the
base and the spacer (not shown in the drawing). Also,
the passageways 179 in the cap 83 may be in the form of
holes or bores, as discussed above, or longitudinal
grooves formed in the inner wall 177 of the cap. As
discussed above, if desired, a back-flow filter 63 that
permits longitudinal flow into the cavity 79 when a
smoker draws on the cigarette may be provided.

If desired, the lighter 25 includes an optional sharp-
ened tube (not shown) positioned inside the heater fix-
ture 39 for piercing the back-flow filter 63 of the ciga-
rette 23 upon insertion of the cigarette. The tube is
adapted to terminate inside the cavity 79 and provide
direct air flow into this cavity when a smoker draws on
the cigarette 23. The tube is provided with one or more
orifices at a leading end, the orifices preferably being
formed in sides of the tube, as opposed to the leading
end of the tube, for establishing high-velocity air flow in
directions that facilitate swirling of air flow inside the
cavity. Such swirling improves mixing of inlet air with
the aerosol and vapor generated in the cigarette 23.

The electrical control circuitry 41 of the smoking
system 21 is shown schematicaily in FIG. 18. The cir-
cuitry 41 includes a logic circuit 195, which is an appli-
cation specific integrated circuit or ASIC, the pufi-
actuated sensor 45 for detecting that a smoker is draw-
ing on a cigarette 23, the light sensor 53 for detecting
insertion of a cigarette in the lighter 25, the LCD indi-
cator 51 for indicating the number of puffs remaining on
a cigarette, a power source 37, and a timing network
197. The logic circuit 195 is any conventional circuit
capable of implementing the functions discussed herein.
A field-programmable gate array (e.g., 2 type ACTEL
A1010A FPGA PL44C, available from Actel Corpora-
tion, Sunnyvale, Calif.) can be programmed to perform
the digital logic functions with analog functions per-
formed by other components, while an ASIC is re-
quired to perform both analog and digital functions in
one component. Features of control circuitry and logic
circuitry similar to the control circuit 41 and logic cir-
cuit 195 of the present invention are disclosed, for exam-
ple, in U.S. Pat. No. 5,060,671 and U.S. patent applica-
tion Ser. No. 07/943,504, the disclosures of which are
incorporated by reference.

In the preferred embodiment, eight individual heater
elements 43 (not shown in FIG. 18) are connected to a
positive terminal of the power source 37 and to ground
through corresponding field effect transistor (FET)
heater switches 201-208. Individual ones of the heater
switches 201-208 will turn on under control of the logic

circuit 195 through terminals 211-218, respectively..

The logic circuit 195 provides signals for activating and
deactivating particular ones of the heater switches
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201-208 to activate and deactivate the corresponding
ones of the heaters.

The puff-actuated sensor 45 supplies a signal to the
logic circuit 195 that is indicative of smoker activation
(i.e., a continuous drop in pressure or air flow over a
sufficiently sustained period of time). The logic circuit
195 includes debouncing means for distinguishing be-
tween minor air pressure variations and more sustained
draws on the cigarette to avoid inadvertent activation
of heater elements in response to the signal from the
puff-actuated sensor 45. The puff-actuated sensor 45
may include a piezoresistive pressure sensor or an opti-
cal flap sensor that is used to drive an operational ampli-
fier, the output of which is in turn used to supply a logic
signal to the logic circuit 195. Puff-actuated sensors
suitable for use in connection with the smoking system
include 2 Model 163PC01D35 silicon sensor, manufac-
tured by the MicroSwitch division of Honeywell, Inc.,
Freeport, Ill., or a type NPH-5-02.5G NOVA sensor,
available from Lucas-Nova, Freemont, Calif., or a type
SLP004D sensor, available from SenSym Incorporated,
Sunnyvale, Calif.

The cigarette insertion detecting light sensor 53
supplies a signal to the logic circuit 195 that is indicative
of insertion of a cigarette 23 in the lighter 25 to a proper
depth (i.e., a cigarette is within several millimeters of
the light sensor mounted by the spacer 49 and base 50 of
the heater fixture 39, as detected by a reflected light
beam). A light sensor suitable for use in connection with
the smoking system is a Type OPR5005 Light Sensor,
manufactured by OPTEK Technology, Inc., 1215 West
Crosby Road, Carrollton, Tex. 75006.

In order to conserve energy, it is preferred that the
puff-actuated sensor 45 and the light sensor 53 be cycled
on and off at low duty cycles (e.g., from about 2 2 to
10% duty cycle). For example, it is preferred that the
puff actuated sensor 45 be turned on for a 1 millisecond
duration every 10 milliseconds. If, for example, the puff
actuated sensor 45 detects pressure drop or air flow
indicative of a draw on a cigarette during four consecu-
tive pulses (i.e., over a 40 millisecond period), the puff
actuated sensor sends a signal through a terminal 221 to
the logic circuit 195. The logic circuit 195 then sends a
signal through an appropriate one of the terminals
211-218 to turn an appropriate on of the FET heater
switches 201-208 ON.

Similarly, the light sensor 53 is preferably turned on
for a 1 millisecond duration every 10 milliseconds. If,
for example, the light sensor 53 detects four consecutive
reflected pulses, indicating the presence of a cigarette
23 in the lighter 25, the light sensor sends a signal
through terminal 223 to the logic circuit 195. The logic
circuit 195 then sends a signal through terminal 225 to
the puff-actuated sensor 45 to turn on the puff-actuated
sensor. The logic circuit also sends a signal through
terminal 227 to the indicator 51 to turn it on. The above-
noted modulation techniques reduce the time average
current required by the puff actuated sensor 45 and the
light sensor 53, and thus extend the life of the power
source 37.

The timing network 197 is preferably a constant
Joules energy timer and is used to provide a shut-off
signal to the logic circuit 195 at terminal 229, after an
individual one of the heater elements that has been
activated by turning ON one of the FET heater
switches 201-208 has been on for a desired period of
time. In accordance with the present invention, the
timing network 197 provides a shut-off signal to the
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logic circuit 195 after a period of time that is measured
as a function of the voltage of the power source, which
decreases during heating of the heater elements. The
timing network 197 is also adapted to prevent actuation
of one heater element 43 to the next as the battery dis-
charges. Other timing network circuit configurations
may also be used, such as those described in U.S. patent
application Ser. No. 07/943,504, the disclosure of which
is incorporated by reference.

During operation, a cigarette 23 is inserted in the
lighter 25 and the presence of the cigarette is detected
by the light sensor 53. The light sensor 53 sends a signal
to the logic circuit 195 through terminal 223. The logic
circuit 195 ascertains whether the power source 37 is
charged or whether there is low voltage. If, after inser-
tion of a cigarette 23 in the lighter 25, the logic circuit
195 detects that the voltage of the power source 37 is
low, the indicator 51 blinks and further operation of the
lighter will be blocked until the power source is re-
charged or replaced. Voltage of the power source 37 is
also monitored during firing of the heater elements 43
and the firing of the heater elements is interrupted if the
voltage drops below a predetermined value.

If the power source 37 is charged and voltage is suffi-
cient, the logic circuit 195 sends a signal through termi-
nal 225 to the puff sensor 45 to determine whether a
smoker is drawing on the cigarette 23. At the same time,
the logic circuit 195 sends a signal through terminal 227
to the indicator 51 so that the LCD will display the digit
“8”, reflecting that there are eight puffs available.

. When the logic circuit 195 receives a signal through

terminal 221 from the puff-actuated sensor 45 that a
sustained pressure drop or air flow has been detected,
the logic circuit locks out the light sensor 53 during
. puffing to conserve power. The logic circuit 195 sends
a signal through terminal 231 to the timer network 197
to activate the constant Joules energy timer. The logic
circuit 195 also determines, by a downcount means,
which one of the eight heater elements is due to be
heated and sends a signal through an appropriate termi-
nal 211-218 to turn an appropriate one of the FET
heater switches 201-208 ON. The appropriate heater
stays on while the timer runs.

When the timer network 197 sends a signal through
terminal 229 to the logic circuit 195 indicating that the
timer has stopped running, the particular ON FET
heater switch 211-218 is turned OFF, thereby removing
power from the heater element. The logic circuit 195
also downcounts and sends a signal to the indicator 51
through terminal 227 so that the indicator will display
that one less puff is remaining (i.e., , “7”, after the first
puff) When the smoker next puffs on the cigarette 23,
the logic circuit 195 will turn ON another predeter-
mined one of the FET heater switches 211218, thereby
supplying power to another predetermined one of the
heater elements. The process will be repeated until the
indicator 51 displays “0” meaning that there are no
more puffs remaining on the cigarette 23. When the
cigarette 23 is removed from the lighter 25, the light
sensor 53 indicates that a cigarette is not present, and
the logic circuit 195 is reset.

Other features, such as those described in U.S. patent
application Ser. No. 07/943,504, which is incorporated
by reference, may be incorporated in the control cir-
cuitry 41 instead of or in addition to the features de-
scribed above. For example, if desired, various disabling
features may be provided. One type of disabling feature
includes timing circuitry (not shown) to prevent succes-
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sive puffs from occurring too close together, so that the
power source 37 has time to recover. Another disabling
feature includes means for disabling the heater elements
43 if an unauthorized product is inserted in the heater
fixture 39. For example, the cigarette 23 might be pro-
vided with an identifying characteristic that the lighter
25 must recognize before the heating elements 43 are
energized.

While this invention has been illustrated and de-
scribed 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.

What is claimed is:

1. A smoking system for delivering a flavored to-
bacco response to a smoker, the system comprising:

a removable cigarette, the cigarette including

a carrier having first and second ends spaced apart
in a longitudinal direction and having first and
second surfaces, the first surface defining a cav-
ity between the first and second ends, and

tobacco flavor material for generating a flavored
tobacco response in the cavity, the tobacco fla-
vor material being disposed on the first surface
of the carrier;

a lighter, the lighter including

a heater fixture for receiving, through a first end,
the removable cigarette, and

a plurality of electrical heater elements disposed in
the heater fixture, each of the heater elements
having a surface for being disposed adjacent the
second surface of the cigarette, the heater ele-
ments heating the tobacco flavor material to
generate a flavored tobacco response in the cav-
ity; and

means for individually activating the plurality of

heater elements such that a predetermined quantity

of flavored tobacco response is generated in the
cavity,

wherein the carrier and the tobacco flavor material

allow a transverse flow of air into the cavity.

2. The smoking system of claim 1, wherein the carrier
is in the form of a substantially hollow cylinder, the first
surface forming an inside surface and the second surface
forming an outside surface.

3. The smoking system of claim 1, wherein the ciga-
rette further includes a free-flow filter adjacent the
second end of the carrier, the free-flow filter providing
structural support to the cigaretie and allowing longitu-
dinal air flow from the cavity, and a back-flow filter
adjacent the first end of the carrier, the back-flow filter
providing structural support to the cigarette and limit-
ing longitudinal air flow through the cigarette.

4. The smoking system of claim 3, wherein the free-
flow filter and back-flow filter are substantially cylin-
drical and each has a surface defining a part of the cav-
ity.

5. The smoking system of claim 3, wherein the ciga-
rette includes a mouthpiece filter.

6. The smoking system of claim 5, wherein the ciga-
rette includes tipping paper wrapped around the mouth-
piece filter and at least a portion of the carrier to secure
the mouthpiece filter to the carrier.

7. The smoking system of claim 3, wherein the ciga-
rette includes a second free-flow filter adjacent the first
free-flow filter, and wherein the first free-flow filter and
the second free-flow filter are each formed with longi-
tudinal passageways, the longitudinal passageway of the
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second free-flow filter having a greater inside diameter
than the longitudinal passageway of the first free-flow
filter.

8. The smoking system of claim 1, wherein the ciga-
rette includes overwrap paper wrapped around the
carrier.

9. The smoking system of claim 1, wherein the carrier
is composed of a non-woven carbon fiber mat.

10. The smoking system of claim 1, wherein the to-
bacco flavor material comprises tobacco material.

11. The smoking system of claim 1, wherein the to-
bacco flavor material comprises a continuous sheet of
tobacco material.

12. The smoking system of claim 1, wherein the to-
bacco flavor material comprises a dried slurry of to-
bacco material.

13. The smoking system of claim 1, wherein a plural-
ity of perforations are formed in the carrier and tobacco
flavor material and permit a desired transverse air flow
during smoking,.

14. The smoking system of claim 1, wherein the per-
meability of the carrier and the tobacco flavor material
are predetermined and permit a desired transverse air
flow during smoking.

15. The smoking system of claim 1, wherein the
heater fixture includes a cap at the first end, the cap
having an open end for receiving the cigarette.

16. The smoking system of claim 15, wherein the cap
provides an interference fit with the cigarette.

17. The smoking system of claim 15, wherein one or
more air passageways for providing a flow of air to at
least a portion of the cigarette are formed in the cap.
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18. The smoking system of claim 17, wherein the one
or more air passageways are holes formed through the
cap.

19. The smoking system of claim 17, wherein the one
or more air passageways are grooves formed on an
inner wall of the cap, and wherein the grooves are
bounded by the cigarette upon insertion of the cigarette
into the lighter.

20. The smoking system of claim 15, wherein the
heater fixture includes a substantially cylindrical wall
defining, with the cap, a space in which at least a por-
tion of the cigarette is received.

21. The smoking system of claim 20, wherein one or
more air passageways for providing a flow of air to the
cigarette are formed in the cap and permit air flow to
the space.

22. The smoking system of claim 1, wherein the
heater fixture includes a substantially cylindrical wall
defining a space in which at least a portion of the ciga-
rette is received.

23. The smoking system of claim 22, wherein, upon
insertion of a cigarette in the lighter, air is permitted to
flow between the cylindrical wall and the cigarette.

24. The smoking system of claim 22, wherein one or
more air passageways for providing a flow of air to at
least a portion of the cigarette are formed through the
substantially cylindrical wall.

25. The smoking system of claim 24, wherein the one
or more air passageways are formed adjacent the first
end of the heater fixture.

26. The smoking system of claim 24, wherein the one
or more air passageways are formed near a second end
of the heater fixture.

27. The smoking system of claim 24, wherein a plural-
ity of air passageways are distributed across the cylin-
drical wall. :
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