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The airflow created by the users suctlon dlsplaces the membrane so that it touches the

25  electrical contact, which activates the aerolization mechanism. As long as the airflow is strong
enough to maintain the displacement of the membrane, the aerolization mechanism will remain
activated. The advantages of a passive sensor include the simplicity of design, the consequent
low cost, and the negligible energy consumption. Active sensors are often based on heat loss
as a result of the fluid flow. This type of active sensor is often referred to as a thermal

30 anemometer. The sensor comprises a resistor which is heated to a high temperature. When the
flow cools the resistor, the consequent decrease in temperature for a given power, or increase
in power to maintain a given temperature, indicates the air flow velocity. The resistor is typically
a silicon micro-electro-mechanical systems (MEMS) based resistor. The advantages of an
active sensor include the fact that the heat loss is proportional to flow velocity so the sensor can

35  be used to provide information on puff characteristics. In addition, the sensor is not so affected

by mechanical shocks during transportation and handling.
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25 The signal generator for supplying a pulsed driving signal preferably comprises a
microcontroller, the pulsed signal being provided on one output of the microcontroller. If the
signal generator comprises a microcontroller, preferably the microcontroller is programmed to
control the values of f; and f,. In other embodiments, the signal generator for supplying a pulsed
driving signal may be any type of programmable electronic circuitry.

30 Preferably, the flow sensor system further comprises a current source arranged to
supply a predetermined-value current through the sensing circuit, wherein the pulsed driving
signal S, is supplied to the current source. The predetermined-value current source allows the
sensing resistor in the sensing circuit to be used at a constant current, which provides the
method of operation having the lowest power consumption. Because the current source is

35  powered via the pulsed driving signal S,, the current source is not powered constantly, but is

only powered whenever the pulsed driving signal is high, which further reduces power
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may be chosen
another time, the pulsed driving signal S, changes from the first frequency f; to the higher

25  second frequency f,. This means that the maximum time to puff, when the sensor is operating in
1

the first mode, is A seconds. f; may be chosen to provide a suitable balance between power
consumption and sensitivity in the first mode. If a puff is detected while the sensor is operating
1

in the second mode, the maximum time to puff is 2 seconds. f, may be chosen to provide a
suitable balance between power consumption and sensitivity in the second mode. In one

30 embodiment, the first frequency f, is 3 Hz and the second frequency f, is 22 Hz.
Preferably, the predetermined period of time, in which the sensor operates in the second
mode, after detection of a puff, is equal to the mean time between puffs for a particular user.
Additionally, the predetermined time may be adaptive, such that it is continuously adjusted
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Preferably, the sensing resistor has a range of operating resistance (the range having a fixed
magnitude) and adjustment of the variable resistor changes the position of the range of
operating resistance of the sensing resistor, that is, the low point of the range of operating
resistance. This, in turn affects the voltage output of the sensing circuit in the absence of a puff,

30  which affects the sensitivity of the system. In a preferred embodiment, the variable resistor is
adjusted such that the sensing resistor range of operating resistance has a low point at or just
below zero. This provides the best sensitivity.

The self-adjusting offset circuit may be used to change the sensitivity of the sensor
system. The offset circuit may be formed by connecting an output of the microcontroller to the

35  non-inverting input of the differential amplifier and connecting the output of the differential

amplifier to an input of the microcontroller. The microcontroller may monitor the output of the
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conpri sThfgaerosoI generating system may be a smoking system. Preferably, the system is portable.

25  Preferably, the system comprises a housing for receiving the aerosol-forming substrate and
designed to be grasped by a user.

The aerosol-forming substrate may comprise a tobacco-containing material comprising
volatile tobacco flavour compounds which are released from the substrate upon heating. The
aerosol-forming substrate may further comprise an aerosol former. The aerosol-forming

30 substrate may be a solid substrate, a liquid substrate, a gas substrate, or a combination of two
or more of a solid, a liquid and a gas.

If the aerosol-forming substrate is a liquid substrate, the aerosol generating system may
comprise an aerolization mechanism in contact with the liquid substrate source. The aerolization
mechanism may comprise at least one heating element for heating the substrate to form the

35  aerosol; wherein the heating element may be activated when the aerosol generating system

senses fluid flow indicative of a puff. Alternatively, the heating element may be separate from
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aspect gfgthe invention, there is provided a nmethod for driving a flow
sensor systemfor sensing fluid flow indicative of a puff in an aerosol
gengr at i ng sAetosting tthe thjshaspeckgisthe inviestiony there dmpredided agpethat dor driving & flew

whi ch aeesaPk SRR B onclry, A RLE P ot T bP B s n W acrBed, AR BERm. e
suppl yi sepsar sustemdbelng \ariagged daadpeitetio & fissirmodry ioi whiah tnof puff po\wapectgd tdie
sensi ggdeg;é%tgg,: dng iﬁg;s%ﬁ{agtﬂrngggﬁﬂwai 28uff i SipebtebiBr BBRRIR i 1RBiHLE 2oRibHSAY
the steps of: supplying a pulsed driving signal S, to a sensing circuit for powering the sensing
25  circuit, such that the sensing circuit is powered when the pulsed driving signal S; is high and not
powered when the pulsed driving signal S, is low, the sensing circuit including a sensing resistor
and a voltage output, the sensing resistor being arranged to detect fluid flow based on a change
in resistance of the sensing resistor, the sensing circuit being arranged such that the change in
resistance of the sensing resistor causes a change in the voltage output; and switching the
30  sensor system between first and second modes of operation, wherein the pulsed driving signal
S, has a first frequency f;, in the first mode, and has a second frequency f,, greater than the first
frequency f,, in the second mode.
Driving the flow sensor system with a pulsed driving signal S; means that the sensing
circuit is not powered continuously, but is only powered when S, is high. This significantly
35  reduces power consumption while f; and f, can be chosen for a suitable sensitivity.

In one embodiment, the step of switching the sensor system between first and second
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The method may further comprise the step of adjusting the sensitivity of the sensor
system, comprising one or more of: periodically adjusting the resistance of a variable resistor in
the sensing circuit; providing a self-adjusting offset circuit; and supplying a pulsed calibration
signal Sc to the sensing circuit.

30 The method may further comprise the step of delivering an aerosol to a user in
dependence upon characteristics of a puff detected by the sensing circuit. Features described
in relation to one aspect of the invention may also be applicable to another aspect of the
invention.

The invention will be further described, by way of example only, with reference to the

35  accompanying drawings, in which:

Figure 1 shows an exemplary embodiment of a sensor system according to the



used to activate one or nore of: an aerolization nechanism an atom zer, a
heating el ement and a puff indicator. The nethod may further conprise the
step of awpustweegsbhe sensitivity of the sensor system PCOEPRISIONIF6HNE Or
nore of: periodically adjusting the resistance of a variable resistor in
the sensing circuit; providing a self-adjusting offset circuit; and
suppl yi ng a pul sed calhnégﬁypn signal Sc to the sensing circuit. The nethod
may further conprise the step of delivering an aerosol to a user in
dependefigregon char acteWssigReal Gff2 af [Hg4re Tdet ected by the sensing circuit.
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and 3, In case hange i n equilibriumof a sensing cCi
pr ofA dergsﬁq)é may be used wuth a constant current, as will be described below, with reference to

Figures 1 and 3, in which case the change in equilibrium of a sensing circuit provides the
indication of the fluid flow.
Figure 1 shows an exemplary embodiment of a sensor system according to the
invention. The sensor system 101 of Figure 1 includes a sensing circuit 103, a predetermined-
25  value current source in the form of a current mirror 105, a differential amplifier 107, and a signal
generator for supplying a pulsed driving signal S; in the form of a microcontroller 109 and a
driving transistor 111.
The sensor system 101 of Figure 1 includes sensing circuit103. The sensing circuit103
includes resistors R, R4 and variable resistor Ry in the left hand branch and resistors R, Rs and
30  sensing resistor Rs in the right hand branch. The sensing resistor Rs is the sensing resistor of a
sensor like that described above, or of another suitable type of sensor. Ry is an adjustable
resistance and may be used for establishing the relaxation setting point (for example, when
there is no air flow in the system), as will be discussed further below. Alternatively, a self-
adjusting offset circuit may be used to establish the relaxation setting point. In this embodiment,
35 an output of the microcontroller may be connected to the non-inverting input of the differential

amplifier (not shown in Figure 1) and Voyr of the differential amplifier may be connected to an



indication of the fluid flow Figure 1 shows an exenplary enbodi nent of a
sensor system according to the invention. The sensor system 101 of Figure 1
i ncl udes WOeHHBHoCci rcuit 103, a predeterm nedval ue cuPCEFP2@OMPIHE8 | N t he
formof a current mrror 105, a differential anmplifier 107, and a signal
generator for supplying a pulsed driving signal Sl in the formof a
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branch, - which results In R ber ng to zero. As soon
as Rs is cooled by fluid flow, there is a change in resistance of Rs, which
results in a change jn the voltage of the right hand branch B and a nonzero
val ue for VDFEy ily b sRewn| that, for the sensing ci rcuht) 103
of Figur@&™1: ff "Rt AR=+Rl+aRd Rs+@8 =RR2 then W DIFF = W 2 - V' -
- -1l

15 if R\+R4y = Ry and Ry+R; = R, then

1 1
Vowe =V2 =V, :VS(E-E)ZO
The difference measurement Vprr, provides an indication of the fluid flow that causes a
change in the resistance of Rs. Because Vper is a difference measurement, very accurate
20  measurements can be taken, even for a small change in fluid flow and hence resistance. The
configuration allows information, such as puff volume and intensity, to be recorded. Note, from
Equation (1), that Ve is not linearly dependent on the sensing resistance Rs.
In the Figure 1 embodiment, the predetermined-value current source is in the form of a
current mirror 105, which comprises two transistors T, and T, in a mirror configuration, plus a
25  resistor Rrer. The current Iy at T, must be equal to Iger at T4 (which is also the current passing

through the sensing circuit 103). And:
Vs = Reged per + Ve

30 Therefore:



- 0 The difference neasurenent VD| FF, provides an indication of the fluid
fl ow that causes a change in the resistance of R. Because VDIFF is a
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smal | change in fluid flow and hence resistance. The configuration all ows

I nformation, such as puff volume and intensity, to be recorded. Note, from
Equation (1), that VDFF is not linearly dependent on the sensing resistance
Rs . In the Figure 1 enbodinment, the predeterm ned-val ue current source is
in the form of _dscufgrent mirror 105, which conprises two transistorsz'}'l and
T2 in a Mirr8 comfiguration, plus a resistor RREF. The current IMa{
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hand, id¢hardaenistics and be placed close together and in S|m||ar packaging in order to minimise any
temperature difference between them.

Referring to the particular arrangement of current mirror 105, on the one hand, if there is

20 a temperature difference between T; and T,, because the two transistors have the same
potential across their base-emitter junctions (Vge), Vee is maintained constant. This means that,
if the two transistors are at different temperatures, the current through T, is different from the
current through T,, so as to maintain Vge. On the other hand, if the external temperature
changes so as to affect T, and T, equally, the current through both transistors changes equally

25  in order to maintain Vgg constant.

The sensor system 101 also includes a differential amplifier 107 at the output of the
sensing circuit 103, in order to amplify the output voltage Vpi, Which is typically only a few
millivolts. In Figure 1, an AD623 amplifier, made by Analog Devices, Inc of Massachusetts, USA
is used. Such an amplifier uses less than 0.5 mA and has a gain of up to 1000. However, any

30  suitable differential amplifier could be substituted. The amplifier 107 is connected to a supply

voltage Vs, and the gain of the amplifier is set by the resistor Rg, according to:

100000
Vour = {1 + _R_}VDIFF (3)

G
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25  (signal S;). Figure 2b shows how the GP2 signal affects the signal at Vour in the absence of a
puff. Figure 2a shows voltage against time for GP2. Figure 2b shows voltage against time for
Vour. The graphs of Figures 2a and 2b are not to scale. Each pulse of the signal at GP2 in
Figure 2a is split into three phases marked f, g and h in Figure 2a. These phases will be
discussed below. The signal at Voyr in Figure 2b is split into five phases, marked a, b, ¢, d and
30 ein Figure 2b.
In phase a, the GP2 signal is 0 V. This is before a pulse. Therefore, no current is
supplied to the sensing circuit 103. The sensing resistor Rg has no current flowing through it, so
it is at ambient temperature. The output of the sensing circuit 103, Vs is 0 V which produces
an output Vgour of 1.5V, as discussed above.
35 In phase b, the GP2 signal is 3 V. Current is now supplied to the sensing circuit 103

which means that the temperature of Rs begins to increase. The output Vper of the sensing



Figure 2a shows one pul se of the square wave signal at mcrocontroller

out put GP2 (signal S1) . Figure 2b shows how the GP2 signal affects the

si gnal atw@Quto/iozishe absence of a puff. Figure 2a shows PcolErPage/0essss nst
time for GP2. Figure 2b shows voltage against tinme for VOUT- The graphs of
Figures 2a and 2b are not to scale. Each pulse of the signal at GP2 in

FIL9uT e BfkultS| 7P ickedsB Aot Geffer AR O TRY K Glich and i inkarfhier ki, Viisse

phases W | scusse ow. The signal at VQut in Figure 2
into fisauigtessdls V.marked a, b, ¢, d and e in Figure 2b. In phase a, the GP2

signal is 0 4 ?Frgyesclm%l}eﬁﬁ@etaepw RE coﬁhﬁregf Blfte A% BHE b8 is!tS cfééPé%Isteemet 0

t he senS|ng circult 3 e senS|ng resi stor has no current | owm n
t hr oughoutput efothptsensingicirawbil 64t Varenfpls & belew ﬂnhesatwt@tmn legel @fh‘e5se¥1§im@at a

CI Tt {inkQB recHbh&disiobidined #th Ghe B@gﬁ&%ﬁ A VBYF B Vv RbIKrr ﬂne%rl\h/wuﬁsvo.pp as

di scusse ove. phase b, the rrent oW su
to the @er&tﬁ@peratwalrtseaos whi ch nmeans that the tenperature of Rs begl ns to

i ncr ease. m@%&s@% Y1 &Btu?%%f?@r}ﬁ r&ﬁ'ﬁc‘ieungr@\)&tr\%g%%?e%s tﬂargr?gtrﬁ,‘_r/

than 1.5 rrv means t at t fier out turates at
I n phas@d:thetamephflerrmeplatt\tmeagﬁmRatsmatet; rtnleémteoatrque and this begins to

decrease the, %a@@t ?’i%{)tﬂ%ﬁ of : haﬂa§bf1&éﬁ Lo M%3GP¥QEIF§ d i@la&ﬁ il & P! &Wrr%ﬁﬁg

saturation |l e I hear response ned from
anphd f i e Icmgtepatlpnllentto tl&)senﬁ@tg cifeuit t,Oibfwhl¢h' means$ yhatiting, oVIDuFWDaSISt hd Which

t |y
 orPe! S edd gl PRSP, et KRR il SR H bl A B
sat ur att@ée neKhlPléiSth me at O\/ I n phase e, the puI se on GP2 has ended so t he
GP2 | t ' ty r r | i '

72 o 39 I AIbeila By ca R Rk ol BISRTc BHORL S5 12 i O
out put r¢Sponssf of the differ¢niiat amplifien. mgen\eentimalcmmhgameet ithre sengiey aitauite1 G3nis

advasncesé?f %ﬁ}a?ﬁ{%%@hgrﬁﬁt V‘lﬁj'% 1 8 i{ﬁ%}éﬁe@%eﬁtr%ugefns&aﬁe &r r%glgga(h?:g (hagv ééﬂ?d

phase Cc O I near response O eren
ampl i f |e|constantatemmﬁélmelajrmro ﬁowah\gmnenonstamtecmmslthg roearsusuppd® cerremdtto

such thl‘ﬂe 5 r%o?%tllhp%i%{gué/ f e séﬁer 8&8,0' %@&Qn&@qps\%}ﬁ& %I‘Lée%tQEﬁIbrl

resi stance has reac tenpera ure at zero f conat ant
cur r enttemperaiungedhis sepns Wghtgp@\uerr eonsumptichef dbe sensdroin this g@needirgéntf afrthe he

sensor |n9@rtt%h &ﬁéﬁéo%@ﬁﬁu f ts‘%%ﬁbcé&‘ﬁy gt 'tlpé Haad & t#d'h te?pés?stgf?c%qg
6 pidih FRbA Y bR SRR e

hi gh power coh unption o € sensor. I AVention,
PO crmtswnppnbmuﬁt,sabt@mgm bs'eSleﬁtlhzrlumgtetrmermlt%es so that the heater

o ance ! Aghlac Gl i Ay et 8 RSNl Ml e v
Fi gur e @gainsh divee fpol\/ba]gétgaun, the graph of Figure 2c is not to scale. When a puff is taken, the
resulting fluid flow causes the Vour slope (phase c) to move to the right. The amount of shift of
the slope is proportional to the flow velocity. As the slope shifts to the right, this ultimately gives

25  the Vour signal the same form as the GP2 drive signal shown in Figure 2a. This is shown in
Figure 2c. The GP2 signal goes to zero before or at the same time as the phase c slope begins.
The puff is detected just before the end of the GP2 pulse. If the Vour signal is digitized (via
GPO0), if its value is above a threshold value, then a puff is deemed detected. So, it is important
that, without any fluid flow and before the measurement, Voyris O V.

30 Figure 3 shows an alternative arrangement for the sensing circuit 103, in the form of a
quarter Wheatstone bridge configuration 303 including sensing resistor Rs. The four sides of
the Wheatstone bridge include resistors Ry, Ry (in the left leg A’), R; and (R; + Rs) (in the right
leg B’) respectively. Again, Ry is an adjustable resistance and is used for establishing the
setting point of the Wheatstone bridge. The bridge arrangement is advantageous because it

35  allows small variations in the sensor resistance to be detected. Additionally, this arrangement

reduces variations caused by changes in the ambient temperature.
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detected, and the signal is operating in a first mode. The pulse frequency, whilst the signal is

operating in a first mode, in this embodiment is 3Hz, that is, a pulse approximately every 330

ms. This frequency provides a good compromise between sensitivity and power consumption.

The pulse width of GP2 is 12.1 ms in this embodiment. Accordingly, the voltage Vour has the

30  form shown in the left hand side of Figure 5. Note that each pulse of Voyrin the lower half of the

left hand side of Figure 5 has the shape shown in Figure 2b, but the pulse shape is shown only

schematically in Figure 5. In the left hand side of Figure 5, no puff has been detected so the
pulse shape is like that shown in Figure 2b, rather than that shown in Figure 2c.

The right hand side of Figure 5 shows the method of operation when a puff is detected

35  and the signal is operating in a second mode. The puff is detected at time 501. As can be seen

in the centre third of the right hand side of Figure 5, the puff is detected because the lower
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been properly calibrated hi s can be seen
This time period 501 to 507 can either be preset or based on user habits. For example, the time

period could correspond to the mean time period between two puffs.
Thus, during the first mode, when the GP2 pulse frequency is 3 Hz, in the worst case
scenario, the time to first puff is approximately 330 ms. If a puff is taken during the second
30  mode, when the GP2 pulse frequency is 22 Hz, the maximum response time is much faster, and
in the worst case scenario, the time to puff is approximately 45 ms.
The Vour signal, which represents the puff, may be recorded and may be used to
ascertain various data. For example, the mean entire time for a puff can be recorded from the
Vour signal. This is the time 501 to 505 in Figure 5. Also, the slope of the curve 503 can be used
35  to calculate the force or intensity with which the user is taking the draw. Also, the puff volume
can be determined from the puff profile 503 across time 501 to 505. Also, the mean time
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If Vour is not greater than 0.1 V, a puff is no longer being detected. This corresponds to
time 505 in Figure 5. In that case, V¢t is set to low. Then, if the countdown timer is non-zero,
the time period during which the GP2 pulse should remain at the high frequency has not yet
expired, that is the time 507 in Figure 5 has not yet been reached. In that case, the GP2 pulsed

30  signal S; remains at the high frequency.

If the countdown timer is zero, the time period during which the GP2 pulse should
remain at the high frequency has expired, that is, the time 507 in Figure 5 has been reached. In
that case, the GP2 pulsed signal S, returns to the first low frequency.

As discussed above, the sensitivity of the system may be set by adjusting Ry or injecting

35  voltage into the non-inverting input of the differential amplifier until the output of the amplifier

Vour is 0 V. Another way is to use a calibration signal Sc. A pulse on calibration signal S¢ may



is not greater than 0.1 V, a puff was not detected, in which case the G2
signal Si is set at a first pulse frequency, in this case 3 Hz. The
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In normal operating node, the total pulse width of GP2 is f + g + h. The
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system accor Ing to any” prece er conp
amplifier arranged to amplify the voltage output of the sensing c:rcwt

4. A flow sensor system according to claim 3 wherein the differential amplifier output is

25  proportional to the voltage output of the sensing circuit within a range of values of the voltage
output of the sensing circuit, and saturates when the voltage output of the sensing circuit is less
than or greater than the range.

5. A flow sensor system according to any preceding claim, further comprising means for
30 adjusting the sensitivity of the sensor system, the means for adjusting the sensitivity comprising
one or more of:
a variable resistor in the sensing circuit;
a self adjusting offset circuit; and

a signal generator for supplying a pulsed calibration signal Sc to the sensing circuit.
35



adjusting the sensitivity of the sensor system the neans for adjusting the
sensitivity conprising one or nore of: a variable resistor in the sensing
circuit; woeloooagpusti ng of fset circuit; and a signal gem@aPaion0Fc68
supplying a pul sed calibration signal Sto the sensing circuit.6. A flow
sensor system according to any preceding clai mwherein the sensing circuit
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sensi ng resi stor rranged to detect fluid fl ow based on a change in
resi stance of the sensing resistor, the sensing circuit belng arranged such
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and a voltage output, the sensing resistor being arranged to detect fluid flow based on a change
in resistance of the sensing resistor, the sensing circuit being arranged such that the change in
resistance of the sensing resistor causes a change in the voltage output; and

25 switching the sensor system between first and second modes of operation, wherein the

pulsed driving signal S, has a first frequency fy, in the first mode, and has a second frequency

f,, greater than the first frequency f;, in the second mode.

10. A method according to claim 9, wherein the step of switching the sensor system
30 between first and second modes of operation comprises switching the sensor system from the
first mode wherein the pulsed driving signal S; has a first frequency f, to the second mode

wherein the pulsed driving signal S; has a second frequency f,, when a puff is detected.

11. A method according to claim 9 or claim 10, wherein the step of switching the sensor
35  system between first and second modes of operation comprises switching the sensor system

from the first mode wherein the pulsed driving signal S; has a first frequency f; to the second



system between first and second nodes of operation conprises switching the
sensor systemfromthe first node wherein the pul sed driving signal S1 has
a first fwequemoyssbo t he secondnode wherein the pul sed e#cirmErPe@ISIFHR] Sl
has a second frequency f2, when a puff is expected, based on user habits.
12. A method according to any one of clainms 9 to 11, further conprising the
step of } t { Ng
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ci r cui t basedianatses habitsuf f |s bel ng detected, and the signal S2 being | ow
when the vol tage output of the sensing circuit indicates a puff is not
being detected. 13. A nethod according to any of clainms 9 to 12, further
conpri sihg tAemsthed adcordijaideiany ohe deslainsi 9itoy1bf further semposingytbeestep of
co is l: t f e
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circuitg 1 i C ng
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characU@ﬂe@Bﬂcs of a puff detected by the sensing circuit.

10 13. A method according to any of claims 9 to 12, further comprising the step of adjusting the
sensitivity of the sensor system, comprising one or more of:
periodically adjusting the resistance of a variable resistor in the sensing circuit;
providing a self-adjusting offset circuit; and |
supplying a pulsed calibration signal Sc to the sensing circuit.
15
14. A method according to any of claims 9 to 13 further comprising the step of delivering an

aerosol to a user in dependence upon characteristics of a puff detected by the sensing circuit.



