WO 2010/003480PCT/EP2009/003668 A FLOW SENSOR SYSTEM The present invention relates

to a flow sensor system. Patrticularly, but not exclusively, the present invention relates to a flow sensor

system for an aerosol3g4enerating system. The 5present invention finds particular aé)g)lication as a flow
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sensor system for a smoking system, for example an electrically heated smioKing system. A

number of prior art documents, for example US-A-5 060 671, US-A-5 388 594, US-A5 505 214,

US-A-5 591 368, WO-A-20041043175, %Pngé Q&@ﬁ?ﬁ% 122, EP-A-1 618 803, EP-A-1
736 065 and WO-A-2007/131449, disclose electrically operated smoking 10systems, having a number

of advantages. One advantage is that they significantly reduce sidestream smoke, while permitting the

smoker to selectivedyruspanevantbrersititie Bnaokiigsensof E7eRMh JRAEKATINY SYataTBs &XCiavBIOr art
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the aerolization mechanism’will remain activated. The advantages of a Passwe sensor inclu
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When the flow cools the resistor, the consequent decrease in temperature for a given power, o

increase IS & ASiRiEh HgeHAR AL SRISHIdIRA RSO NS dIFAolPvelbrisarnie cirlp &
typically a=sicer fivetoieldetreemechgaicabtystepste(V HNS sbasedwegistore Eneiagheantdge ahan
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used to provide information on puff char cteristlc?. In addition, the sensor is not so affected b
mechnicAPUREURY dUF G SFArKBBrEAREN A RLRKARIGN mechansm, which may include the heating

element or elements, or any type of atomizer, is activated to provide the aerosol for that puff.

The flow sensor may be a passive (that is, mechanical) sensor or an active sensor.
 Passive sensors typically include a displacement membrane and an electrical contact.
The airflow created by the user's suction dispiaces 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 dispiacément of the membrane, the aerclization mechanism will remain
activated. The advantages of a passive sensor include the simplicity of design, the consequent
tow 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 veiocity. 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 fo 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.



2 Because the flow sensors provided in the aerosol generating systems of the prior art, including
those described above, do have a number of disadvantages, it is an object of the invention to provide
an improved flow sensor system, suitable for an aemsol generating system. According to one
embodiment of the invention, there is provided a flow sensor system for sensing fluid flow indicative of

a puff in an aegasol ARNERANBE LHET: BIBEIPH WSERRBINGALANAsSIoRarate] gégﬁtamode’ in

which no puff is expected or detected, and in a second mode, in which a puff is expected or detected,
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mode, in which a puff is expected or detected, and comprising: a sensgng circuit comprising a sensing
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arranged to supply a pulse dnvw:gg(lgna I'to the sensing circuit for powering nsing circuit,
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the second mode and wherein hnéoga'nal generator is arranged to switch from the first mode to the

second mode raeerdinsui is Brgpesnatiottisradtcpreddsy thdiaussingpeisyaies B censtw thadlngor
system iRgikilee »EeNBINY f;eséﬁt%vagerr&ﬁée&akgosm,siaqa%@s%rw&larhaéeﬂ{g oMRHEY¥eItRge that
e

is a difference v,oltagf_e, the sensitivity is high apd small changes in the flow can be detected. The use
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active, which means that 2a there is no needfor a separate on/off switch. The frequencies t, an
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driving Sd@r?@a%??r?%%’eﬁ%@@ﬂé&? g pulsed driving signal S, fo the sensing circuit for powering the
sensing circuit, such that the sensing circuit is powered by the signal S; when the pulsed driving

25 signal S is high and not powered when the pulsed driving signal S, is low, wherein the pulsed
driving signal S, has a first frequency f in the first mode, and a second frequency f,, greater
than the first frequency f; in the second mode and wherein the signal generator is arranged to
switch from the first mode to the second mode when a puff is expected or is detected by the
sensing circuit.

30 Because the sensor system includes a sensing resistor incorporated into a sensing
circuit, which has an output voltage that is a difference voltage, the sensitivity is high and small
changes in the flow can be detected. The use of a pulsed driving signal S; means that the
sensing circuit is not powered constantly, but is only powered whenever the pulsed driving
signal S¢ is high, that is, when the square-wave signal S, is 1, rather than 0. This significantly

35  reduces power consumption. The sensor system can be constantly active, which means that



5 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 f2. In other embodiments, the signalzgenerator for supplying a pulsed driving signal
may be any type of programmable electronic circuitry. Preferably, the flow sensor system further
comprises a current source arranged to io 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 SIFcE BAGWEIHE" &rrpRipIe QRIS Rviinh sErkiferLretietd i desaat 28 CHIRSRINORAPSRE which
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powered Vi Vi [ [ﬂﬁl %:h currept source is not powered constantly, but is 150nly
powereg%ﬁteéﬁg(%ﬁ?gj gﬂﬁféﬁ“ gr%/mg &g?\@ig%%fgﬁﬁwhich further reduces power WO
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further comprises a differential amplifier arranged to amplify the voltage output of the sensing circuit.
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thesensitly dirovires! grdweebaniiendsesk, dhdrifferemialiarhigifiewbigpuiuhhasra reolistntpestee; and
when the voltage output of the sensing circuit is within the range, there is a linear relationship between
the output 200f the sensing circuit and the output of the differential amplifier. Preferably, the sensor
system operates in the second mode for a predetermined period of time after a change in the voltage
output of the sensing circuit indicative of a puff, has been detected, and operates in the first mode at
all other times. Thus, when a puff is detected, or at another time, the pulsed driving signal Si changes
from the first frequency fl to the higher 25 second frequency f2. This means that the maximum time to
puff, when the sensor is operating in 1



the first mode, is f seconds. fl 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 f2 geconds. f2 may be chosen to provide a suitable

balance betWERAUpYNE I onsumption and sensitivity in the second mode PRIFHES08MHSdiment, the

first frequency fl is 3 Hz and the second frequency 2 is 22 Hz. Preferably, the predetermined
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adjusting the sensitivity of the sensor system, the means for adjustin the senslﬂvlt_y comprising.one or
more of: sAPHEBICHRIS S 7 tFsaRtivR)usr viea the v allnae Pyt S ther BaRSTRA FEC Yt iSaTgaleErator
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20  of the sensing circuit and the output of the differential amplifier. '
Preferably, the sensor system operates in the second mode for a predetermined period
of time after a change in the voltage output of the sensing circuit indicative of a puff, has been
detected, and operates in the first mode at ail other times. Thus, when a puff is detected, or at
another time, the pulsed driving signal S, changes from the first frequency f; to the higher
25  second frequency fé. This means that the maximum time to puff, when the sensor is operating in

1

the first mode, is /i 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
i

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

3 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



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 $oint of the range of operating resistance. This, in
turn affects the’ \%8%‘334 ?Jtput of the sensing circuit in the absence of a paﬁ?@gz{}?ﬁll‘gﬁﬁéﬁects the
sensitivity of the system. In a preferred embodiment, the variable resistor is adjusted such that the

sensing r sistcg range of o,ﬁl%ratgn resistgpqﬁehas a low pb)int atté)ertJ\l/Jaset belo sze}m.er'l'his erov%ﬂgs the
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invention, there is provided an_aerosol generatlng( )
output a low signal S,. The othercomponents in the aerosol generating system may include, but

are not limited to, an aerclization mechanism (which may be a vaporization mechanism, a
vaporization engine, an atomisation mechanism or an atomisation engine), an atomizer, a
20 heating element, and a puff indicator. ' |
The flow sensor system may further comprise means for 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 S¢ to the sensing circuit.

25 The variable resistor is adjustable to change the sensitivity of the sensor system.
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 microcontrolier. The microcontrolier may monitor the output of the



20 system for receiving an aerosol-forming substrate, the system including a flow sensor system for
sensing fluid flow in the aerosol generating system indicative of a puff, the flow sensor system being
according to‘mlf ' ct of the invention. Bhe aerosol generating P)ést}am may be an electrically

T/EE20G0M0 03668
heated aerosol generating system. The aerosol generating system may be a’'smo ystem.

Preferably, the system is portable 25Preferably, the system comprises a housing for receiving the
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electrically resistive material he aerolization mechanism may include one or mo
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may comprise a ¢RRdenSALBsFRGMES be a silicon MEMS based resistor. in another embodiment, the
sensing resistor may form part of a silicon MEMS based sensor. The sensor may further
15 comprise a reference resistor. '

The sensing circuit may comprise a Wh.eatstone bridge having a first leg and a second
leg and wherein the voltage output is the difference between a voltage across the first leg and a
volitage across the second leg.

According to a second aspect of the invention, there is provided an aerosol generating

20 system for receiving an aerosol-forming substrate, the system including a flow sensor system
for sensing fluid flow in the aerosol generating system indicative of a puff, the flow sensor
system being according to the first aspect of the invention.

The aerosol generating system may be an electrically heated aerosol generating system.
The aerosol generating system may be a smoking system. Preferably, the system is portable.

25  Preferably, the system comprises a housing for recelving 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 systerﬁ
senses fluid flow indicative of a puff. Alternatively, the heating element may be separate from



During operation, the substrate may be completely contained within the aerosol generating system. In
that case, a user may puff on a mouthpiece of the aerosol generating system. Alternatively, during
operation, the substrate may be partially contained Svithin the aerosol generating system. In that case,
the substrate may form part of a separate article and the user may puff directly on the separate article.
The aerosol generating system may comprise a power supply. The power supply may be a Lithium-ion

battery eupecehitsumciidis inhexanaplolizatishimaciamipaly Mes Baltert, sHeardithel-snatalyside
battery, a Nickel cadmigrﬂe%%tgergl a super r%%pa%gr, or a fuel cell. In an errl?a]ttive e[%godiment, the

aerosol Generatng cyten ma cc’)er?\qp?rri‘se circuitry cﬂ&Pgeea%?é‘%%{ﬁ‘%%& PR oMBh%nd
arrangedlenngrividwpdakesr foyaspiedicionnédn auebtr ofquifiifectivelycbemtinbetaameritodingent of

the invegiion,dherenis IRERIMBIR HIab A BiRGAHOWSERERISNF RTJNSRslRg fluid flow

indicative of a puff in an aerosol generating system, the sensor system being arranged to operate in a
first mode, in V&ESW?\@;&%‘?Q ORIUED AN 48 RY BB BIsG AR RNGRIEIP Y BR feXpected
or detectedptaeatathicd eemepnising tee stegizafivauppyirgarmpulaed dhisingesigealsbistaraisensing
circuit f ing t ' ikcuit, s .1h fﬁg&])si iIrcyit is power. e ulsed
driving %ﬁ%%é?g ’h%?ﬁéaﬁr?? ﬁgrt]%ltﬁ)gwg;eg ’;\?/vgﬁgr?lttﬁegpulsed ﬁ(\é/ir%%éﬁ;ggil xsve% |s(gl%ﬂvg, t%ésqsggﬁsﬁ%circuit
includin@%@éﬁ%iﬁg’?@gﬁiﬁ"é’ﬁbcg%hﬁ@e output, the sensing resistor being arranged to detect fluid
flow based on pehangeérdesistancesobihaisersRgFesigeihibie seRsitgeiCHitthping&reRgad such
that the cgaer}gﬁnin S[esstigtanl%e Rg tt&gs%ergsinsqetresgstoru uses a c%rlﬁn e in ¥ht% voltaﬁe:%e output; {and
switching the Sersor sy@t’em i)egween’flrs%I And Secbhd RModesd o%e?gti n, WSS O{rPe Bﬁﬁ@é@driving
signal S¥¥en fidefrevelicyuting inpreatiess risdeubsithitagasdsondridiyuenciziizsdyreitiier than the

first frecatpgyi fhdRiBBRESPAEMYIenat caRCEREUNDICRtRI, ASRETPT 4he ISt athaLeiS

provide%a method for %rivin&la flow sensor ?%ste,m for sensing fluid flow indicative of a puff in an

aerosol YEHERITGYsHlaTionE QR A% PEPRRI Y arranged to operate in a first mode, in which no
puff is expecte_ﬁf_wr aéeodeltgetedatmyl ém@sem;dam@gig@w@dmhsaqupﬁ@s @hpq:ﬁ@d@@tﬁ@t@gi, th_e
method comprieilg 107 BITRRCL SHRLYIRG RUREHAGYINANONA IR ERSALIEHILID! ayvering 5

the sensm?g circuit, such thatthe sensing circuit is powered by the signal S1'when the pu iving
l.

signal SYEHigieiah@¥isERERsY RNNARe s atmRise Rl styfiepesi sanaRitan@safemgelirdniemcluding
a sensingteasisier andalivaitagho wptisdhgsrnsing weisior haingoaipreestoigetess deisbilowy
indicative o ed on a change,in resistance of the sensing resistor, the sensjng cifcuit being
arrangezcai%sé)(ﬁme[%ﬁgt ﬁér%ﬁgn%%%ﬁr}e%gtfﬁ?g %ﬁhg fé%\gﬁr% Fﬁgg‘ﬁg’{gff’ Egugé%d%ea[rgwgége n %'écé)oltage
output; 8HtiSswitching the sensor system between first and second modes of operation, wherein the

pulsed driving aigiaiphhasn Brsbdasiepney e inVaRibrstnaedes anRdiaas a seannd freareney-2.
greater hhan the first fre%u]-;nfcg?fgt,gjn tfg}?@(zfond mode, when a puff is exPected or is detected by the
0 0

sensing QPSR EHiVinY THe Ae R DeliERLVS RE SaPAfiVin S iBRAET BRRSHYASEYAE Bensing
15circuithis aetpomsgstircbathgutshgaoiuto s perlyte dwe rigdtvete Sinisvhigh . ibhisSignéficentbdreduces
power cansuBptianavhile,Niardid ¢andRe Fhoseanof %éﬁf"‘i@b@cﬁé’&éﬁ'v&y D ORELHROIRBY the
step of switching the sensor system between first and second

comprising the steps of” supplying a pulsed driving signal S. to a sensing circuit for powering

the sensing 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 sensor system befween 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 {4, in the second mode.

According fo a third aspect of the invention, there is provided a method for driving a
flow sensor system for sensing fluid flow indicative of a puff in an aerosol generating system,

the sensor system being arranged to operate in a first mode, in which no puff is expected or



WO 2010/003480PCT/EP2009/003668 modes of operation comprises switching the sensor system
from the first mode wherein the pulsed driving signal SI has a first frequency fl to the second mode
wherein the pulsed driving signal Si has a second frequency 2, when a puff is detected. The puff is
detected by a change in the voltage output of the sggsing circuit. Alternatively, or in addition, the step
of switching the 5 sensor system between first and second modes of operation comprises switching
the sensor system from the first mode wherein the pulsed driving signal Si has a first frequency fl to
the secaetentede aviceigirathhe quigecholtiving signet S pasf dsesprdtéie gereysiReayher anpifds
expecte s j [ ff is expected may be predicted based on user
abits, o B B i g Pl Cebne e
oneor riffrSefsRpEteibriviplihpbivisshnging sfctire psreeeetiney phef algaal Bredegarthinedisitle of

day. Thejsagdeigrairmdedac el iepmayree ihemeantinseiwes RighiisForthpuass andigis may
be adaptive so t Stéiit IS continuousl}/s%djuséed be}?ed ona runnin%av_era%%_of the time between puffs.

Alternati/ely the predetermnad [Erod Sf finfe ey h VP H i STARIBS TR RRIBARTRNRI f8cause,

if the sepgiectisieiriy opmattisgoiretheflBassbnd mounpefioresigaliced fespensiedinsistill, eemuch
shorter.sensiRgeipsaRbeieanatied sanfses s WwRRGheRWsRH drivingsigngl é&g&&hsaﬁeggnd

frequency f2 for a predetermined period of time after a change in the voltage output of the sensing
cirdbit irftiEaRR ol a PR HRIB ARG ARE VIR BB R iRGTTRS SURIEE RRINRREIJheh Bndustioffst
frequencyofiext afl atkertimewh2Birafer ghlisetheimiziatl furdtisrieompfisesittaustey 6f Iopplyinga
signal 5 t 0, i ol ' , [ 5 ing_high,when the
R S A R AT S AT R T
when th&RRSIage bR SEPeFibEdhdrig LAY thaisarsia pitfris not being detected. Signal S2 may be

used to activateemegohe ot afeasbaeretizationimeshrBis Mianss MM &3, dBaating-elemerkand 25a
puff indicator. . _The method may further comprise the step of adjustin tfhe ensitivity of the sensor
syé?em,cérgrl%rllssiﬁ%t dne SFer%oCr%n%ﬁuggélgdicgm} a8f‘u§tPn°g‘,"’ t%eeér)evs%s%gn éqgf 'Qié'rri]fﬂl% %%?g{?)?q the
sensingreffeests provedivnavsuttionjusimb efidd: crobie cimseupulyingitaldalseastidiyration signal Sc to
the sensing cirgyigndQHhsomeibiad iayéyrbessampgsedheaier §fHalveERGan AR QaHger 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 35accompanying
drawings, in which: Figure 1shows an exemplary embodiment of a sensor system according to the
WO 2010/0034808PCT/EP2009/003668



invention; Figure 2ashow$ signal 3P2 of Figure 1; Figure 2bshows signal \four of Figure 1 in the
absence of a puff; Figure 2cshows signal \four of Figure 1 when a puff is detected; 5Figure 3shows an
alternative arran%)ement for the sensing circuit of Rigure 1, in the form of a Wheatstone bridge; Figure

4shows how HEZ e setting point may be established; and Figure Bk BRARMEhod of

operation of the Figure 1 sensor system. A suitable sensor for use in the sensor system of the present
invention may comprise ? i0 silicon substrate, a.silicon nitride membrane op the sybstrate, and two
A t

platinum hnég%ensg BISRERts OITthe e ‘?’gﬁéﬁ?ﬁgetvﬁgrﬁgraﬁa € errprﬁ%rﬁtsmgrﬁrrsgs% g?sfmgﬁréé'gc%ﬁg

simultaneeulsigdadrzing sionabP ahdsas B diespienhie foth dhei secpatbrartiae whergind e pulse s driving

advantageqiasBiorall BroMdRs Requislcp e saTreanIse. dothaesutab s sansRIsedisly aferuire, be
used. Durlngonetation, (here 3,3 iande I [eqisince pihe ssnsing esitorduc ocaoing pan
adjacent 15 wdvﬁoager?ﬁsp chgngg TR AN 5 dte 10 ﬁlyé fetmarioskess SeHRSEERAIN resistor
may be usessit sreastdratwaepérsiiand reoandinagss H{copririgscePrariinrsSHEENRG Hsaangpr

measuredspadRrevidasan-sndicatiamefsherhsliguilay. Alipinatively sthessensiaoresisiasmag eused
at a constant he tirgg1 Lower inty‘\/hicl'%c%sgrjthe decref\geq‘g%mpergé%efprovides 1the 'Wdicatio% %f the

fluid flow. Alternative y,“%’hé’“%%‘n5|%§’ Y35 Tesistor may be Lsed with a constant curent, as will be

described BRWEd BRI HEE 1 BAPIurERe TiERPS WRIHIFoPHEdS e metedumiy ibccefarisiadnhased
sensing cispuilsprovidas. therisdieationtas thenBoidsfiom malriperastehavnwroan wxairplaydenadiment
of a %%“Sos%%%%eéﬂ?%%‘f%rﬁé”& ;%&Peefa‘ﬂva?%‘r;‘é’é&tgﬂﬁn%%ﬁﬁ%osaf Seima kel @@ﬁ?%ée&%‘jg_'g@u a%@%”sm.g
circul _103, aJore etermined- value current source in the form of a curren ‘mirror 105, a differential
amplifier FO¢RIGETHNSH HAIyeheRutdNR PLRISMARNG RS Reded e M7y BRnee JEimese fBne bityeen
microcontgeifer fdrandsardrvimgrisangigtoe Lkthptive Ehetianses systminlol atifdgutethiagiudes
sensing CahiAg%, ThisensiRg HCIRAR INSIHE SR ASRISIONS Rhe At HANRRIBIASILPLRY Inde lef
hand branch and resistors R2, I523 an
have a fixed value. This is advantageous because, if the sensor system is operating in the
15 second mode before a puff, the response time will be much shorter.
Preferably, the method comprises supplying the pulsed driving signal S, at the second
frequency f, for a predetermined period of time after a change in the voltage output of the
sensing circuit indicative of a puff has been detected, and supplying the pulsed driving signal S,
at the first frequency f, at all other times.
20 Preferably, the method further comprises the step of supplying a signal S, to other
components in the aerosol generating system, the signal S; being high when the voltage output
of the sensing circuit indicates a puff is being detected, and the signal S, being low when the
voltage output of the sensing circuit indicates a puff is not being detected. Signal S, may be
used to activate one or more of: an aerolization mechanism, an atomizer, a heating element and
25  a puff indicator.
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 seEf~ad§usting offset circuit; and supplying a pulsed calibration
signal S¢ 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 alsoc be applicable to another aspect of the
invention.
The invention will be further described, by way of exampie only, with reference to the
35 accompanying drawings, in which:

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



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. Rv is an adjustable resistance
and may be used for establishing the relaxation sgtting point (for example, when there is no air flow in
the system), K& W88 cussed further below. Alternatively, a self-adjustifidBRRAPEIRAE may be
used to establish the relaxation setting point. In this embodiment, 35an output of the microcontroller
may be connected to the ”0”'{9\‘,’93,{{',%‘,9 input of the differential amplifier (not shown in Figure 1) and
Vow- of the differential amplifier may Be connected to an 9 WO 2010/003480PCT/EP2009/003668
input of thE'Bti&E@ontroller. THEWTREBHESIRPITIgHSTUsed to monitor the output of the differential
amplifier Vogdrarm inject a voltiagevosigheal RRp:iBVERIRG NpUhe e sifferengakamplifier until Vour = 0.

The volta&jdm%afgred V DIBB.s a diffeg?gce napgsure %r?]te in thi ex%wg%%% case, the 5difference

between VZ27in the right hand gpgr%%sgrén %.ln the left han %Pé‘ncﬁ n the R, sensing
circuit103 EgBqilibrium, theSRAWSANedietanties #Inagetetdad brapensing sRUIRE Riguredudhto the
ratio of resistances in the rightiafeheaachvatstorestiyi) R2  VDIFF = V2 -V being equal to zero.
As soon ag;Rs ds,cooled by fl q \|19 RQ ' hange,in resistance of Rs, which results in a change
in the volta !%%f the right hanlcjié bcgar%l(\gw B%é%é%égﬁ%tﬁglggegﬁén\%?&é”ﬁ)”?@[?ﬁﬁéﬁ%%ﬁ %aasnllfiy be shown that,
for the se é%ec?rcuit 103 of ang\p@ gne method of operation of the Figure 1 sensor system.

A suitable sensor for use in the sensor system of the present invention may comprise a
10 silicon substrate, a sificon nitride membrane on the substrate, and two platinum heating
elements on the membrane. The two heating elements are resistors, one acting simultaneousty
as an actuator and as a sensor, the other as a reference. Such a sensor is advantageous since
it provides a quick sensor response. Other suitable sensors could, of course, be used. During
operation, there is a change in resistance of the sensing resistor due to cooling by an adjacent

15 fluid flow. This change in resistance is due to the thermal losses.

. The sensing resistor may be used at a constant temperature, in which case the
increased required heating power is measured and provides an indication of the fiuid flow.
Alternatively, the sensing resistor may be used at a constant heating power, in which case the
decreased temperature prbvides' the indication of the fluid flow. Alternatively, the sensing

20 resistor may be used with 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 io 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 c{:rrent 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,, Ry and variable resistor Ry, in the left hand branch and resistors R, R; and

30  sensing resistor Rg in the right hand branch. The sensing resistor Rg is the sensing resistor of a
sensor like that described above, or of another suitabie 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 estabiish the relaxation setting point. In this embodiment,

35 an output of the microcontroller may be connected to the non-inverting input of the differential
ampilifier (not shown in Figure 1) and Voyr of the differential amplifier may be connected to an



VDIFFV2-=VSR2R, +R, (1) - R3+R2 R+ R4 R, 15if Rvi-R4 = R1 and Rs+Rs = R2 then V DIFF
=V2-=VS11\=0 The difference measurement VDIFF, provides an indication of the fluid flow
that causes a change in the resistance of Rs. Begause VDIFF is a difference measurement, very
accurate 20 %‘3&%{1?8%‘&3 can be taken, even for a small change in fluiPFOEEREPHEHER resistance.
The configuration allows information, such as puff volume and intensity, to be recorded. Note, from
Equation (), ihat YRIEF lscal Iipearrdensadent on e-sensing.eaisiance Re- . e Figure 1
embodiment, the prede{ermlne Value CUMeRt Source 1 i The form-of & CUPFeRt mifror : Which
comprisesdiffRrardnsiatentien Yod PRdnHasirForeRgRy @Rtba, ModyTrErgsismit RRER. Hiferentigént In4
at T2 mustppigerahtovBEE at T1 (which is also the current passing through the sensing circuit 103).

. = ?
And: VS RESP‘*‘ﬁE \'foft%é%Emeasured Vouwrr is a difference measurement (in this exemplary case, the

5  difference between V; in the right hand branch B and V, in the left hand branch A). When the

sensing circuit103 is in equilibrium, the ratio of resistances in the left hand branch, Z RER is
y TR,

R, + R,

equal to the ratio of resistances in the right hand branch, which results in

2
Yorr =V, V) being equal to zero. As soon as Rg is cooled by fluid flow, there is a change in
resistance of Rg, which results in a change in the voltage of the right hand branch B and a non-
10 zero value for V.

' It can easily be shown that, for the sensing circuit 103 of Figure 1:

R
2 Rv+R‘4 ) (1}

Ve =V, =V, =Vs -
prr e (11:35Jr17e3ue2 R +R, +R

15 FRA4R, = R, and R.+R; = R, then

: 1 1
Ve =V, —V, = Vs| === |=0
DIFF 2 1 (2 2)

The difference measurement Vper, 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 Vpier 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 Rger. The current by at T, must be equal to lrer at T, {(which is also the current passing
through the sensing circuit 163). And: |

Vs = RREF I rer + Vg

“30  Therefore:



WO 2010/00348010PCT/EP2009/003668 - VBE | Al = | REF p(2) aREF Non-linearity in the
sensing circuit (see Equations (1) and (2) above) is compensated by the current mirror. This is
advantageous because, in a system which is compgnsated for non- 5 linearity in this way, the
non-linearity YRGS e two times less than the non-linearity in a systefh EERPEHYAER by voltage
variation. Thus, the current mirror 105 in the Figure 1 embodiment reduces the non-linearity of the
system. The current mirror 105 may have any suitable configuration. The current mirror may be
placed on the high voltage side of the sensing circuit 103 rather than between the sensing ic circuit
and ground as §howﬂ1mMgure 1. Any suitable transistor types could be used for Ti and T2, including
PNP transigtors *KIPN tkapsistors and CMOS transistors. Alternative arrangements for the Current
source are also possible. The sensor system must operate correctly in a reasonable temperature

range, and the ciPEAVRARYIM 8t SSATTEhSEtEE ReaRyuriapeldireddrdngeyeinspmpensated by
temperatuties camgensaterd Chlsdntasonncasare slspassilabicsyittie exieinalcdhgenspreitoreehanges, .

the 0%pumg%ﬂgﬁ;w;r;e@%nwrgaemga\l@'%Ffowﬁé hg aligted "ing‘it%QE %ﬂg%%%e%ﬁg@t% a

operation or measurementS. T1 and 12 should have the same electrical characteristics and be placed
close togetHEPThGIMeinfalrt K aGlieem ¥rHeHes: nliRkpisbarHIERh Sritare 13Rfdre e FiReh them.
Referring torthaiipsstictdanarsaing eonclitteatiousfend syisten105, on the one hand, if there is 20 a

temperature diffefgaeg RaMnaRR T 108NHa] HRECAHSE NS W HANFINIgES W%Jﬂgn%?:m?qpm nial

across their base-emitter junctions (Vas), Ves is maintained constant. This means that, If the two

(Vas) intained :
transistor A4 MroFABR ¥R 7S BhdheLRRISME SR TIOR dithsetharobstiveep herian®bgh Tz,
S0 asito maiotiiandBEROH dsctherihdiglrd the\exteritattetepeistunympimnages so atofaffecadd and

12 equallyr fhR GureNENISMELRRIA tTanSisiarshRaRs@really 2 grdes o malRtaitygmepRstant

The sensar system 101 also includes a differential amplifier 107 at the output of the sensing circuit
103, in ord®F BB LR Y R H S RS LUSIRE, WFcRIEShiREH BN S RReRIfVERESRIEIGURe 1, an
AD623 anipéifienanha teripgahato (ebevices, ine cirvassdobuséscditinsaise dorSarchtamparilifier uses

less than Qi fgA aﬁmé}a@ﬁgg@mwmé%%w%m@rs&%;&a@taa@s disrandial-apliigs could be

substituted. The amplifier 107 is connected to a supt;g’lgl volta(ﬁ;e Vs, and the gain of the amplifier is set
by th &res g{gpeﬁﬁur c ta?aﬂ%,tér?%éw_put voitage of sensifg circuit, Vors, Will be affected which
might cause inaccurate operation or measurements. T, and T, should have the same electrical

characteristics and be placed close together and in similar 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 firansistors have the same
potential across their base-emitter junctions {Vae), Vie is maintained constant. This means that,
if the two transistors are at different temperatures, the current through T is different from the
current through Tz, so as to maintain Vge. On the other hand, if the external temperature
changes so as o affect T, and T, equally, the current through both transistors changes equaily

25 in arder to maintain Vgs 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 Ve, 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 Vg, and the gain of the amplifier is set by the resistor Rg, according fo:

100000
Vour = {1 + T}VDIFF A (3)

G



100000 .VDIFF  (3) WO 2010/00348011PCT/EP2009/003668 So, for a gain of 4000, RG is set to
1000. Equation (3) applies only across a particular range of VDIFF. Either side of this range, the
amplifier will saturate. In one example, if VDIFF 50V, VOUT = 1.5V I _f VDIFF -1.5 my, VOUT
5saturates at' @ OIfPIEF > +1.5 171V, VOGT saturates at 3 V. Within tRETARGELBNS < VDIFF
+1.5 mV, Equation (3) applies, that is, the relationship is linear with a gradient equal to the gain, which
Is around 1000, if RG is set to 100 CI. The sensor system 101 also includes microcontroller 109
and driving transistor 111. In one embodiment, the microcontroller has input GPO and outputs GP2
and GP4. The se¥sifg algatirefuié 003, Radstlsetcarredtmirror 105 are the highest power consumers in

Figure 1. In ordeg{ashies e RAVRECANSLPHARICIS $aRsiNg Creithisran thegurgRiemitkor 105

are not powered continuouslé, but rather are driven by a pulsed driving signal S1 from microcontroller
|

109. The FTSMFENHERR LR {0 K REETE Thd frrart Riro¥Yans ahd YerbiMeraircultd 6 inYour

accordanceaivittesigh8l ‘Gl b M patput IGP2\Of Yaer satiaden tblier. Mahindrth ecdgeint Franvsisidrrrs <
+1.5 mV, Equation (3) applies, that is, the relationship is linear with a gradient equal to the gain,
which is around 1000, if Rg is set o 100 Q.

The sensor system 101 also includes microcontroller 109 and driving transistor 111. in

one embodiment, the microcontroller has input GPO and cutputs GP2 and GP4. The sensing

10 circuit 103 and the current mirror 105 are the highest power consumers in Figure 1. In order to
reduce the power consumption, the sensing circuit 103 and the current mirror 105 are not
powered continuously, but rather are driven by a pulsed driving signal 8, from microcontroller
108. The pulsed current Iger is supplied to the current mirror 105 and sensing circuit 103 in
accordance with signal S; on output GP2 of the microcontroller 109, via the driving transistor

15 111, The driving transistor 111 behaves as a switch, conducting when the GP2 signal is high.
The width and frequency of the pulse is controlied by the microcontroller 109. In this
embodiment, the output Voyr is connected to input GPO of the microcontroller in order to digitize
the differential amplifier output. The output GP0 is observed and the width and frequency of the
putsed signal at GP2 can be adjﬁsted accordingly. In the embodiment of Figure 1, the

20 microcontroller 109 is a PIC12f675 series CMOS Flash-based 8 bit microcontroller made by
Microchip Technology, Inc of Arizona, USA. The microcontroller has a supply port, a ground
port and six Input/Output (/O) ports GPO to GP5, including four Analogue to Digital conversion
ports. It can function at 3 V. Of course, any suitable microcontrolier could be used.

Figure 2a shows one pulse of the square wave signal at microcontroller output GP2

25  (signal S;). Figure 2b shows how the GP2 signal affects the signal at Vpur in the absence of a
puff. Figure 2a shows voltage against time for GP2. Figure 2b shows voitage 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 Vour in Figure 2b is split into five phases, marked a, b, ¢, d and

3o 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 Rs has no current flowing through it, so
it is at ambient temperature. The output of the sensing circuit 103, Vpee is 0 V which produces
an output Vayr of 1.5 V, as discussed above. '

a5 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



15 111. The driving transistor 111 behaves as a switch, conducting when the GP2 signal is high. The
width and frequency of the pulse is controlled by the microcontroller 109. In this embodiment, the
output VOUT is connected to input GPO of the migrocontroller in order to digitize the differential
amplifier outp{R. 2PHESHf8ut GPO is observed and the width and frequencB(BVERi8EHSignal at GP2
can be adjusted accordingly. In the embodiment of Figure 1, the 20 microcontroller 109 is a

P1C12f675 series CMOS Flash-based 8 bit microcontroller made by Microchip Technology, Inc of
Arizona, UEYHEMRGEESAR dRePRaeh Eiishil DARY a'gitstiner¢rste het ShemuplfierriteybY ports

GPO to GRatumtdading four Analogue to Digital conversion ports. It can function at 3 V. Of course, any

suitable microcory ek cquithbadspdafiwe % SRl RHseRkisspuaR e sonal gé% -

microcontroller output GP2 25 (signal Si). Figure 2b shows how the GP2 sig ects t

Van in the 5 ictdt S555IRIRsHeie 2%3sHows Pidgdaiguinke saerasion isye ki utd MBVspeWelaltage
against tiniefar r¢spoitecigoairsoiffmguresaRaptife Abiarevipt. B 0ale: BRebipinseryiwie vignalsat GP2
in Figure Zadspitinesthierpbases marked f, g and h in Figure 2a. These phases will be discussed
below. The signal at Van- in Figure 2b is split into five phases, marked a, b, ¢, d and 30e in Figure 2b.

In phase a, the GPPUR& i PRI BO0LRs AFUISeNHERERIY KetYperisiesshmedd it
sensing circvitli®)8mplifesewipirty/ tesmie mRsthesasy toisrtierd #oOWng through it, so it is at ambient

temperature. Thgputakk @f [ ipeUy | ' t of 1.5
V, as discussed abglége. 3% ﬁ?h@?b%&%%%ﬁgﬁg Cl’j r\{/é %ﬁ%ﬁ{%%&ﬁ%gﬁ?ﬁ&% ter?e{rg@rqging
att

circuit®103" QAR Th EHRR! 1 ERRB LA RIFE B 198 By RS T ARE Rt dhar RUtBt Y IS BRY oviied
sensing WOR06/A084801 PRC T EP 2009t G836 p8 asecai Rl (R inmasas gstéongeeatter thandahcedf, which
means thahtheegplifier output Van-saturates at 3 V. In phase c, the temperature of Rs continues

to rise and this bF {%% to ecreaseféhe o;i%)ut of th%sensirﬁﬂcircuit 103. VDIFF falls to below the
saturation level of 1 5y S tharH ERARLS SEHRHRS FYTBIRANRRE Foth Yeer alipitfe CHURSLNS ER88% So,
VOUT fallsesfidisezehiiwidifemriRlzmbifiRs kmperatn@ngerrangetmephdbe skribiedannpetanfdsof Rs

has rigen suffigignthathayRibuis 1855 hensfelm andihsammiiarQupHiiasLagai, saliiraigs. this

im V. In ph h I n GP2 h n he GP2 val | in V. Current is
time at O a cor%tgrﬁetgmée?a&lgesgt%erg ﬂcw.a\?\li‘?h gegoggtatnte c%rrent, %gi%g%egr%ggupggigg cucn;rent fo

the sensor for long enough for the sensor heater resistance to reach the equilibrium
temperature. This means high power consumption of the sensor. In this embodiment of the
invention, power consumptiion is reduced by setting the pulses so that the heater resistance is

20 not, or is only just, able to reach its equilibrium temperature.

Figure 2c shows the signal at Voyr, when a puff is detected. Figure 2c shows voltage
against time for Vour. Again, the graph of Figure 2c is not to scale. When a puff is taken, the
resulting fiuid flow causes the Vour slope (phase ¢) to move to the right. The amount of shift of
the siope 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 2¢. The GP2 signal goes to zero before or at the same time as the phase ¢ slope begins.
The puff is detected just before the end of the GP2 pulse. If the Vour signal is digitized {via
GPO), if its value is above a threshold value, then a puff is deemed detecied. So, it is important
that, without any fluid flow and before the measurement, Vgyr is 0 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 Rg. The four sides of
the Wheatstone bridge include resistors Ry, Ry (in the left leg A"), R, and (R; + Rg) {(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.



10 no longer supplied to the sensing circuit 103, which means that the output VDIFF is 0 V which
produces an output \four of 1.5 V, just as in phase a. Rs decreases in temperature in advance of the
next pulse. In this system, a puff can be detegied during phase c of Van, that is, during the linear
response of 18 a‘?ﬂf%?%%& amplifier. In a conventional arrangement, the §&?§ﬁ?@@ﬁ’8&?ﬁ%3 is is set
such that its equilibrium VDIFF -= 0 is reached when the sensor heater resistance has reached a
constant temperature a%éﬁro flow. With @ constant cu érent thls means su Rg_%ﬁ;ng current to the sensor

for long enough foPH& $&ASEP 83&8??8 RIS P B R RS R ARG Sdfiananie
high powefoctstiabiisiptivhreleaaesaitingl painisoé thb ceimiadt efclit Y entivhe gisies bodmﬁﬂﬁtmﬁls

reduced bx&e&t%t%smh@%smmm bpaton asisiayiesde %ﬁaﬂqbf&fet%c@QB'PH§5e§ktJeé%r{@%%t its
equilibriu tem@PSb ure 2c¢ shows th@%qnal at VOUT, when a puff is detected. Figure 2c

shows voltage against it t?m'es%rp\%'s\t\? NR SRt SR ISP RVYERILYR SR 7 VAlia S elmmned i ng Sitets
taken sthewsEhightp widr (s B gessiediaumistopenipsiiasd 9. tBweo ket seiadighting loésanmuatt of

shift of thecslope isatopadienahtosheniigwyeieeiuvasiie sirpesiis ethesright diissulisiaely gives

25 the Vow" s{g} aI the same form as the GP2 drive signal shown in Figure 2a. This is shown in Figure
2c. The GP gnal goes to zero before or at the same time as the phase c slope begins. The puff is
detected just befdre raage vilies bR g lakenwitrohe sitpraldasrdigitpeat(via IS ROWifiitFigahee is

above a thyeghaldyaloe, thennapactftarsuv@eamadmm@ﬁeer 98 bisHnnarianhiarg witheek-apydlwd flow
and before the > measyrement \{é)udr is (r)i\{3 30Fi ur doy)vs an alt ve arran ement for the
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resistor R$ Wﬂﬁ'ﬂfr%&’é§%mﬁé’q}tﬁ@a\t§ﬁﬁﬁ@%ﬁ6§e imelaersrdSie oy FmeRyofitheheatgh Kl ANRR2 and
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establishi t t of t tstone bridge ridge arra ement [ vantageous
because |r¢%én%o§v§s Qrg"?glcl?é\%na | ﬁ%\/?lnn e sgﬁssgg?l{rg% st%ﬁ&%e éatec d. aﬂ%%l%%ﬁ%ff? n[h@t or

arrangemé&tit RRIRHES PR i8S datdich 59repsangss ia the ‘émb m@mﬂemb@gmlfloned ator
20104003480 beRfEl =R 0Y/ PR 35ES pufsel?ﬂgEthu@ slgows how variable resistance Rv or a

self-adjusting off%gcglt éﬂ@%é’%h‘éegrh% ecﬁtgtg ?thenrelax%lon settlng%[p |nt oft i smg/ cjreuit
it

103 or Wheatsto 303 and adjust the sensitivity f the St sensor System, AS de tribad”
reference T PHEEREH, Sr’rﬂ’ﬁebfrﬁ'ﬁ lﬂfeF Wirtne SeesVPlsReHIERSIRE SonRER (RoRalcd up e a

value detereninethiny thi¢iputses Shaidthvaiathe sighat GRS fgeneratedrky oisrpeortoHey, 1. (Ryveer the
o ML DeERLIR AL e NERIRAR IR P R RER T

and this is illustrated in FIE‘I‘Q e range of values that s can take, wit

tempBratlSiEnehgai? uTBeﬂéﬁﬁ%ﬁfeFMeﬁ'%'?rﬂﬁ’a’@tﬁﬂa!ﬁeﬁ%\?%ﬁﬁgtﬁ‘ﬁﬁh‘ﬁé‘?%% BiniFEse
self-adjustingafisatstingtitrs the E8nsioyeciranigd b bralvhertbeciaghige 508 ,2a8 indieatadibyrarpgw 403.

The relaxairhseileg DAL R e 4095 VAIPLanR Bads BER T garen

of the ran%e 401 of Rs alon iagonal line in Flgure 4 correspo emen o e of

phase ¢ of 9Y(§-9A Figfils™ %atbdtﬁ’gefe‘? { GioHghHe W%“ﬁ%s%ﬁ%ﬁﬂ%t@*ﬁ%ﬁ@e@%ﬁ&?ﬁ@ Wﬁrﬁ@éMOl
begins at bajdstithe R\ igere Srsfgaried sighat b eoatgporadssimtidand@d) T phase c slope being

positigned ator The feft hand side of Figure 5 shows the method of operation when a puff is not

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 puilse width of GP2 is 12.1 ms in this embodiment. Accordingly, the voltage Voyr hHas the

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

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

schematically in Figure 5. In the ieft 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



15just before the end of the GP2 pulse in Figure 2b. Figure 5 shows one embodiment of the
method of operation of the Figure 1 arrangement. The upper third of Figure 5 shows voltage against
time for GP2 (signal Si). The centre third of Figure 5 shows voltage against time for Van-

(correspondi &%]&lﬁ’ﬁ)"f%he lower third of Figure tg shows voltage againSHHEHEP M8 icrocontroller
output VCTRL (corresponding 20 to signal S2 on GP4). The graphs of Figure 5 are not to scale. As

already discyssed, to mjinimise ppwer consymption, the sensing circuit 103 or Wheatstone bridge 303
na curre RO 108 U8 O e e AR o BT S G B i B EoRRIEE B G

is shown ifuEdigme mavinhdhefsInandnskilasst Figuiegighiowe thet igrairppds i @inbefirstrersinigThe
right handﬁii@&@f, E'ggt&ré;@?wfgmm@t@i@ﬁﬁgltanewmgem @%ﬁﬁw&éa@@ad .aZEmesl@Tt, ngksidsonf
Figure 5 shows t et of aperatign when a puffds pot cte the signal i rating in a
et mode B R e B o o R e e e e B T B
3Hz, that BXAVBUsEagpnskinEterf Srrahikband sidaefrEinuensdy Previriectagoer berigriiRiae
between sesiy dycaafgRaW eeCONSHMEHighcT g prisanddie ef<ah? tedirslinspitdbysreanhadimgent.
Accordingly, the yoltage Vpur e form shown in.the left.hand.side, of Figure 5. Note that each
it e R A e e S R
the pulse 3RaAEMLIHRINAFAFETHe ATRBEANRS AJIFER IpeMmentRIhAPSHEicriguUrtav.np Busf has
been detestesbamnte, ptise sisapesiquliesthat cirenin iméigacerdbnigdbendhan that haove) i fugiere 2c.
The right ' Eigure 0 : io fis.det d 35 he
signa?lgis o}%J%E'g)t)iﬁn}ggltél g ég%qgrﬁ kﬁ%d\%@#%ﬁ%gdg@oﬁgﬁ at mﬁ{egggll% ﬁ%ﬁg’;ﬁ Se s.e1 ViR ?F:goégntre
third of thé'AbMenRRE MDA Be frMsAsiin dBeER dreeatist thdndiieemesiment 12.1 ms.
2010/0034804 4RCTHAER200940RBGHAHROVoNsif therdfairs phiseolkattanve hibkahass. Triopevbas a
higher valye, Thi esp( id.fl ' e ' s the Ij hat the slope
s oLt off T et 1 Lol Do e B Ere
501, the dEECHRSN SHSIGVEIFRETERIOh &t e IS IBTReSRRRItE R Olesity, i dngaasiea feems
switchred eara® Bstawminrthedpascththivdaf theicigbf hand,sidigobiFdgoreaSed hend @taekioimon ilput

GPO alsoztégg’stgé ﬁo@\h@é’@ﬁt%é%&%%?n@’%ﬂ?ﬂ@rﬂé%@n@@z@&SVStem begins to operate in a

second mode. Of course, thé GP4 signal’ change can also be used to control other circuits, for

example an aerdiARoRPRELITIEHNESY SRS {7 Paaneimng M SR BRI S AR RBIESRS TRBWNEN this
embodimewntyeheDpLigadregsieneycetBR din dhessacondandde:; SR blae thiad ig;.alpisl seetivalent

approximatelyeuans 4% MSqg6 sﬁrﬁwémtbsfqmﬁé giifﬁi Rﬁ‘sE*b%Bgﬁié}B%béiﬁv% Qfoﬁiggﬁﬁsé-é\é%séhat

the pulse width remains the same a%r%the Irst mode, that is, in_this embodiment 12.1 ms. Note that
I

the 18%er BBRBHRCSHAIEYE W LiGhBFRIFNE §5e btheE TR R KUY SRY8aHR Cahbe RHevptprofile,
since the sanietion thieRlapeitf Winet tiouds 26 tiectighidsaproponiibriaf¢ostive floviF igetecity oAbyt lower

portion of fRgrhAGVE SKIBAMBRTSRERY. NEIdPWIVEIGIMISHIEIRasINg from 15 zero to its maximum and,
as the lower portL%n, of tgﬁ?‘v‘%%nsi n%[. decreases. from its maxjimum to zero, the flow velocity is
umto zero.

decreasing from th&fifa DR/g1aN9€)IF 98 D ABSHIRTR: Ve U8 BHPHLY BreR iR LY V-
calibratedtisistEhmsegemaiorathiécapger8DBeadtctyjobt2apprdataesrdirtduaisetbpesiod ef filve high

value:nf Vet s is fasivalant dathenpnge RhiRmA0din Fl e ARAtinging Atk iusldheloy 260 and

the Vol pt}lﬁ%etlgnes lggr?od 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



20 being positioned at or just before the end of the GP2 pulse. This calibration can be achieved by
variation of Rv or the offset circuit, as discussed above with reference to Figure 4, or by an alternative
calibration method, which will be discussed beloy At time 505, when no change is again detected
at Vow-, the BtANPEERL. returns to 0 V. The GP2 pulse remains at the SECHRBAENI&8y of 22 Hz for
a predetermined period of time 25 after the puff is detected at time 501 until time 507, when it returns

to the first frequency of 3 Hz. This time period 501 to 507 can either be preset or based on user habits.
For exampig: ﬁ%nti?ﬁgsp%?fbaecmcg%ﬂl}g oRa Yon&gRaLiRErRUgPRIg e Robh ARyt ShowRrhus,

during theiﬂrﬁigmecﬁe;fWhénpt_héy@PZ pulse frequency is 3 Hz, in the worst case scenario, the time to
first puff is approximaterdaiomeal Bl imiaked AiuinbiReRFCand SR aRsle Whsadhs. G4 pulse

frequency seézlé Hz, the maximum response time is much faster, and in the worst case scenario, the
is "‘W%."

time to pu P¥rdRiniate IR O hBYERIP iR, WRcReRSpPEL e ABGh O e RS rdiBrded
and may baitresdriscdetmaziadantitisstidstpcFod duangpidich &R semeitiy ettiveHigh dregiiboan(bet

recorded frorsotheny Qutorignet diksifetiediaRi 1a@5inddd wampRISteth SIRARIkIELHRYe 503

can be used 35to calculate the force or infensity with which the user is taking the draw. Also, the puff
volume can '%%d%%’é?mﬁlféé | rr})r r?h%ep(tw F%?#@%UB gd’éﬁﬁ?fﬁ% BENBEERAURRY fReTRUSRtRhE 15
WO 2010/ta8480FCiiErRb 0D (B 68EbiatvdmsgsLifiy caarbmbiisorthiel fill abeasantrsigeapgattbough
note that amhe omatpsifine Shews uffigers RirfesSimplsity ke foktBiSvitHormatinn caRAsded intnthe

microgontr&lker é;lr;gcg}iéegll%vr\{ %Slar e amount oH{Iaexibijlit in the opegation. For example, from the
recorded time Between puffs, the %O?nf)crrgggﬁgr%l er n?gyogéag?'{ﬁ%%n{%rp%ﬁé‘aotﬁarmgt&?ni%'ﬁ”é'lgﬁ
remains affieliERYRMregoeas 130T estBURIaTasbdeduidbanitethe user's habits. As a further example,
the microcontrollgreatiaewitebgsripatinally iomdhe 9 whanupnas R WseHe e bighdsaguency
response oAt D R oSS H R U, o TUrEE IBe RN DB RS a
draw iocaPBErESor&Egirang useliteatiehadensre dbessolriefivesss foraeaniekn attmpletedatdhe
aerolizatiomioesiarisem @by patiRgetergenird® PUlkHEHIBP2 and read the response at Vour. If Vous

is not greater than 0.1 V, a puff was not detected, in which case the GP2 signal S, is set at a

first pulse frequency, in this case 3 Hz. The microcontroller continues to generate pulses with

the first pulse frequency and read the response at Vour until a puff is detected.

If Vour is greater than 0.1 V, a puff was detected, in which case a countdown timer is

20  started. This corresponds to time 501 in Figure 5. The microcontrolier output Verr, to GP4 (S,)
is set to high and the GP2 signal is set at a second pulse frequency, in this case 22 Hz. The
microcontrolier generates puises at the second frequency on GP2 and reads the response at
Vaur. If Vour is greater than 0.1 V, the puff still being detected, in which case the GP2 pulse Sy
is still putsed at the second frequency and the microcontroller output Vere, to GP4 (S,) remains

25 - high.

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, Ve is set to fow. 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.

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



The method of operation shown in Figure 5 can be implemented by the microcontroller software. First,
the software powers on and initializes the microcontroller. Next, the software performs electronic
stabilization. Once these processes have been cggnpleted, the 15 microcontroller may be used to
generate pulBEEBHERP4nd read the response at Vow% If \tour is not grBSTEFRHEN 683 a puff was
not detected, in which case the GP2 signal S1 is set at a first pulse frequency, in this case 3 Hz. The
microcontroller continues to generate pulses with the first pulse frequency and read the response at

VouT untiP& BERERGE BRI A 0 S ERE AR HPHRES (i RaY Bt Sk puie il S von
countdowrSHiher igh20estartbd . GPisseprabspangs toctimibesOdcimEigace 327 hiz)nincrec trstroltedeo@tput

VarRL to G kerhiR S IghidnabedaR2RIIBAIIRFh AR SRELRY SRINBAHS RoYsiaiimEase 22

Hz. The microcontroller%enerates pulses at the second frequency on GP2 and reads the response at

Vag. If VORRFIE §FeBiBPthanitPh %, Whebiirvadh Befnd detBtafian fRertHsetBamspiidnsa is still
pulsed at tAeSecunidfgeyfieetybahid taeabierdberititl eusatjsuliViddlint @Rk (BRsesnfainsri2Bhigh.

If Vayr is natareaterithas Sl MudhBUbinRadRNEEHRaY dgteateras i 8sRopgS A8 dime SR in

Figure 5. In tgaéz,case, VaRL js s§t fo low. Then, if the countdown timer is non-zero, the time period
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calibration signal Sc,. se on.calipration signal Sc ma
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or whenever the G P sRjrishting eedoiveHotsepdael widbieo{BPRA to the fivsthadide (@ Ha) wReferring
(i e Jat s OVl el aton B e et toe e wacth o B P e
that is, whe iris Q V. If a caljbrati ulse | ed, the pulse width of 5 GPZ2 is no.longer fixed, but
is variablec.;_ R@@Z%ﬁlggs?g ’Hi\ﬁ?qéﬁpiﬂ?g fhree fﬁuts s'ses}’,e{y gaaﬁérﬁaggosﬂ?o{/%% eﬁétﬁ‘@'%.gﬁfﬁﬂa
calibratior, fBlphiscativitiie Has gameedRirrendif a60/aEH bY@ Ensdoaristance RsyonyGRriosighal is
maintainegshightiah 3obuiy eaneeiiee BEbeMansigRAloispRasse Ohibe YoMy, Sieaahismeanioirdand, as
long as VouT r i reater than Q V (so.is either in phase h or ¢ - see Figure 2b), the GP2 signal is
maintaine%‘ ﬁ%ﬁ_%%g %&E%%s%r na gg%%n%(%iﬁgl%?sd)ﬁgﬁ Pssaé{ﬁ%seOS Vt(eprﬂa%'élg rE8 Fﬁﬁ?@fiéﬁr e time
is rec8rded é‘r‘fﬂ"tﬁé’ﬁ‘ﬁ?m 3§the system will adjust itself automatically to the best sensitivity. The

time window selected in this embadiment, from 6 ms to 14 ms, is large enough to allow for any

variation in ambient temperature and response of the various electronic components, but any
suitabie time window could be selected.



phase h of GP2 , which corresponds to phase d of Vow/, is set at a fixed time duration one
embodiment 300 ps). During calibration, in this embodiment, if \ / OUT does not reach 0 V after a total
pulse time (f + g + h) of 14 ms, a puff is deemed tp,be detected. In normal operating mode, the total
pulse width of GP2 is f + g + h. The time g that was 15 recorded during calibration is now used for
calculatign of the total pulse length. This method of calibrating the system to set the sensitivity is very
advanta(g‘lag‘ﬂg%r the following reasons. Firstly, the adjustable resistance Rv can be replaced by a
fixed resistance. Secondly, automatic calibration occurs whenever the pulsed calibration signal Sc has

2 pulse.(This means Lathereimng nesia magalbadiielety ohile SUBONSDis I aystem,

either during manufacture 20 or during maintenance, as the system will adjust itself automatically to
the best¥&R8HIVIS. SAREBnTENFMABRNdeRE@RIPH thisRsH iR irshBIAds it Y1ER PR Reffdige enough
to allow depamtadvaridtieniad aanbiénEiespedvreand wiporsedf ihevpemes efeddterticantponents,
but any siiighlégme window could be selected. 17 CLAIMS 1. A flow sensor system for sensing fluid
flow indicative of a puffin an aerosol_égeneratin st%stem, the selsor sgstem being arranged to operate

in a first mode GRS G TPER e &S b1 Wt tid, AP iM N BrE h S SRS CR S BU is
expectebettgdetsotsad, indetethflvigifigw indicatiemsing oirEieseinprisingranserisirepisisisorthad a

voltage giHBHE theurensigaresigiardeinganangemhie detestdivid lpwmindicativeiaoputihased on a

change in Flesistanﬁje thﬁ sensi 9 pirc(%lit being arranged such that the change in resistance of the
Jac ar{em évoa%eﬁou tanh ) .
sensing resIstor causes a ané)e in"the voltage output; and a signal generator arranged to supply

a pulsed driving SRjishushemripcas@ngibteiptoR Yo Paveerittyirtesinas pgleiftti Rertion ¢iveritie sensing
circuit isppeweiethbysshemionalibi subemthareusredrivingisigpalaids Biohaagmptpanestesewhen the
pulsed driving sigr iis low, ) in the Iving signal Si first frequency -11 in the first
mode, gﬁ%ﬁ%@% %ég%le%@\%}?%ﬁrgaﬁrqﬁgﬁﬁﬁ%g ws‘fv r%%‘q%ﬂe%cpf i;%%si ﬁﬂmrégsg@gﬁ!dgﬂu%ioghd wherein
the signwh@@'féﬁaf‘opﬁ&sagréﬁgé fivEdliteh fasne distireansoae folthibedesnaedadentifepesypdt is
expect_eﬁaqn?&d,ef@,cmébw ﬁhemﬁnsiﬁrgtcﬁmﬂbnéy A im\thses@ehsyst&m acgartmngrnoietaimnk furyher
comprisiig &G teLSAYLAS ALIARAGILIR AHRPY ARNCHCIRITIRGAMAIER GHER ;St]ﬁollg W dbgsensing

circuit, wherein the pulsed driving signal Si is supplied to the current source. 3. A flow sensor system
accordirf foleigmsd B iepssr e dntieit comprising a differentia amplifier arranged to amplify the

voltage output of the sensing circuit. 4. A flow sensor system according to claim 3 wherein the

differengal amplifisy, QUFRUF IS HEAPQEUORA SRR MPHARRINDLBRLMG SERRIDR: SEGHIL Withigey range of

values of the voltage output of the sensing circuit, and saturates when the voltage output of the
sensing G 0B IRARUAHaHET SRR D e F%, LEH o LS B Rt ey
precedisipciin stavbried dhipeisintgenieawsdor 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 adj,u Stmng ELS\A? tsglrggga!téyasrt]gm according to claim 1 or claim 2, further comprising a differential

amplifier arranged to amplify the voliage output of the sensing circuit.

4. A flow sensor system according to claim 3 wherein the differential amplifier output is
proportional to the voltage output of the sensing circuit within a range of values of the voltage
oufput 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
adjusting the sensitivity of the sensor system, the means for adjusting the sensitivity comprising
one or more of:

a variable resisior in the sensing circuit;

a self adjusting offset circuit; and

a signal generator for supplying a pulsed calibration signal S¢ to the sensing circuit.



a signal generator for supplying a pulsed calibration signal Sc to the sensing circuit. 18 6. A flow
sensor system according to any preceding claim wherein the sensing circuit comprises a Wheatstone
bridge having a first leg and a second leg and whegein the voltage output is the difference between a
voltage across the first leg and a voltage across the second leg. 7. An aerosol generating system for
receivin% an aeroToI-forming substrate, the system including a flow sensor syﬁsétem for sensing fluid
flow in the aerdSdYeRBPERh§ ST ACHRARARIVE 8PY PlRgetientainotierely dhensasing &&edtding to
any precedingsekaani/Vigatatone rbsdd e dneinatindisisenaad cossrmdoleiaind7whurtie o mptaging: at
least onsdgﬁéatigl%elam@ﬁéerdaﬁﬁémé%a@&@%&%é%@%ﬁ@@&ﬁ@%&%@ idle flowsengor system

is arranged to activate the heating element when the flow sensor system senses fluid flow indicative of
a puff. A method for driving a flow sensor system for sensing fluid flow indicative of a puff in an
aerosol generating system, the sensor system being arranged to operate in a first mode, in which no
puff is expectedwLgRiestgehaaEND 3/5RHME MRERIAD WhisBrasBuUl s RyReEiark R dateg/gdnihe
method i%OEPcBrrxiSiQ% 0t\'t\lfeS g;%(sagrssofs:t f0§l%[}%glg(ri]ngﬂ& :PH(';‘T’E% rivineqr sig(nal 2110 a sertlsin% é:,lrcuit for
poweringrf e s%nsmg CIFcuit, SUch That the seqnsmg Qreuitis gov%reaeﬁ]ﬁ%@%i%aﬁ%i WiEH fhe pulsed
driving SRR Rerign saEtict pleiereindatenting furerHhirfigsHial Si is low, the sensing circuit
including a sensing resistor and a voltage output, the sensing resistor being arranged to detect fluid

flow indigative ﬁfx%%&i%opﬁé]‘r?é#a Hggasggﬁﬂg&%@gfés{g@%?mo%lfﬁu%ggpg'rlln%)t[j%%istor, the sensing circuit
e

being arranged such thaf'the chahge In resistance of the sensing résistor Cduses a change in the
voltage output:2Affgst On&HREtNm §'eme eiREBpRUNGARS Betsieais R EA S8BT modes of operation,
whereinwherpiulgedidwhdagsignaleSi Basrariyst foogiieste)thd hetinhekrabnn atden andibassarnsecond

frequency 2 ,prertes amlelisLieayensy11, in the second mode, when a puff is expected or is

detected by the sensing circuit, 10. A method according to claim 9, wherein the step of switching the
sensor system between first and second modes of operation comprises switching the sensor system
from theffirst mbdestivbe feimthiagalfed densnysigaal Bi basadifsidrioudntyefivio dhe pgtonshmode

wherein fhe fylgeckaivg 3 Righal bhas s pegeRdiRaieaRkige VRSB S R IS J8iReHRHuel 3y A method

accordirﬁg claim 9 or claim 10, wherein the ste'[i of switchin%gthe sensor system between first and

second 0P YR HER B riLRE L A e SSERRS S i HBIF APHIS TR ein the
pulsed di¢lestpsidhrarsiivdsentpssifretisesieps oi to the second 19 WO

2010/003480P&W9@%6@&ing signal S, to a sensing circuit for powering the sensing circuit,

such that the sensing circuit is powered by the signal S when the pulsed driving signal S, is high
and not powered when the pulsed driving signal S4 is low, the sensing circuit inciuding a sensing
resistor and a voltage output, the sensing resistor being arranged to detect fluid flow indicative of
a puff 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 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, when a puff is expected or is detected by

the sensing circuit.

10. A method according to claim 8, wherein the step of switching the sensor 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 mode wherein the

pulsed driving signai S4 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
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



mode wherein the pulsed driving signal SI has a second frequency 2, when a puff is expected, based
on user habits. 12.A method according to any one of claims 9 to 11, further comprising the step of 5
supplying a signal 32 to other components in the ggerosol generating system, the signal S2 being high
when the vokegelowitessof the sensing circuit indicates a puff is being detectexkamdthessignal S2
being low when the voltage output of the sensing circuit indicates a puff is not being detected. 1013.A
method according to any of claims 9 to 12, further comprising the step of adjusting the sensitivity of the
sensor systefre woaipirisig uireddriving 9anstodizahsadiunstingatientp distenee  bafl/sradplectesistor in
the sensingLsigwit; waviding 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. 12. A method according to any one of claims 8 to 11, further comprising the step of

5  supplying a signal S; to other components in the aerosol generating system, the signal S, being
high when the voltage output of the sensing circuit indicates a puff is being detected, and the
signal 5; being low when the voltage output of the sensing circuit indicates a puff is not being
detected.

10 13 A method according o any of claims 9 to 12, further comprising the step of ad}usfing 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 seif-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.



