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Background Art
The invention has wide-ranging application across many fields of industry. Itis
particularly suited to pressure measurement in harsh or dynamic environments that would
preclude many other pressure sepsors. These applications include, but are not limited to:
20 monitoring engine pressure (cars, aircraft, ships, fuel cells)
sensors for high speed wind tunnels
sensors to monitor explosions
sensors for boilers
sensors for dish-washing machines
25 sensors for irons (both domestic and industrial)

sensors for other steam based machines where overpressure can lead to destruction

and loss of life

However, in the interests of brevity, the invention will be described with particular

30  reference to a tire pressure monitor and an associated method of production. It will be



sensors for dish-washi ng machi nes 25 sensors for irons (both donestic and

I ndustrial) sensors for other steam based nachi nes where overpressure can

| ead to destruction and loss of |ife However, in the interests of brevity,
the invent e described with particular 30 refRreiGRdoado tire
pressure r%ﬁr}?ac%m’%ﬁg an associ ated nethog of production. It will be WO
2006/ 042357 PCT/ AU2004/ 001419 2 appreciated that the Tire Pressure
Monitoring System (TPMS) described herein is purel y illust rat ive and the

i nvention has much broader application. Transpor aé (%n Rﬁgﬁ Enha‘gcerrent,
Account abi | i anypresiagedrtat thectireirEeshre VRt (Mouitagiye Systeay l\é)i ferosd PHEMGRPEEY St at es
seeks to reqy AhayRhiodERiet Gatfonf ted with a tire pressure
nonitoring sys @auq%‘li'lgk% mvgﬁ%os I's outl r| ngd%:pg U S. Dept. of Transportation,
"Federal Motor Vehicle Safety Standards: Tire Pressure Monitoring Systens;
Control s and " 8oty adPDocidfntalion (TREADR001, pp.
38982-39004. T‘?ﬁé)%ﬁ t@eﬁ?ﬁe’calﬁnfagg&ﬁﬁ& dﬁg& oprrent cocr)r%s from recent)2

Fi r est ones Foregsﬁmm it Usiteeli Statest sselisito tdquiredl] US. motw velinlseto beffited with 2

accidents. A.careful assessne { L8k Lgfef

appr oxi mat el E}rcé%@/wgfnﬁoﬂl YEE S él B %l‘r"%f un%iefso at edgaDV\ﬁﬂl st an assens°srrent
of the effectFedéral MofBPvE:uﬁlelSrafém $taddatist ’Fm]i’reﬁﬁretMm&@mfnatSa{$f¢m$,é:'@ntl‘dﬁdnCBOOO
to 10, 000 nog- f tq,l g n Y r This
i s discussed Fsﬁ Ug%@%?ﬂq%@ % ’%"é%ﬁ&@%&“ I re%grg’edsagﬁﬁgﬁ@ tort ng
System " FWga (N,Qeloﬁrﬁ&t 260ds fr&:lf&aﬂaﬁedt@wmamlﬂmeainsdeﬂtswhpbé@rts alikely to
require the fitting of a TPMS to increase ie rt to reduce

the nunb@r wymberpbtal pecidentsyh ogErfgiapsepgmen a?%té(haé Fg'%(?é‘gpt o mnimnse

the envir On%@maﬂeﬁ@@%&' 1n—£§\9tu@é &t %@Binﬂﬁteﬂdﬁhlﬁf anl Y& saee o(ftlrereﬁ'&ttloﬁ known
to be available in th r ket pl ace. ki n TPMS is hased o

di fferences & FEPM&faunddhﬁlbe%‘é% é0 &SW@B‘F% Mogt"c 10.Q00nonyfaia) IPJHneSpP%rs sure.
The asynchr opj Gif dhuldhobbid b BRAENISP EGSh 1§ BRREIR RS RGt. US TREspbrived, Cl e’ s

anti -
"Tire Pressure Monitoring System," FMVSS No. 138,2001. European legislation also
15  appears likely to require the fitting of a TPMS to increase tire life, in an effort to reduce the

number of tires in use by 60% in the next 20 years, so as to minimise the environmental

impacts.

Two different kinds of TPMS are currently known to be available in the marketplace. One
20 kind of TPMS is based on differences in rotational speed of wheels when a tire is low in
pressure, The asynchronicity in rotational speed can be detected using a vehicle’s anti-
braking system (ABS), if present. The second kind of TPMS measures tire pressure
directly and transmits a signal to a central processor. Fig. 1 (prior art) illustrates a
schematic of a typical pressure measurement based TPMS 10. Sensors 12, provided with a
25. transmitter, measure pressure in tires 13 and transmit a signal 14 to antenna 16. The data

can then be relayed to a receiver 15 and processed and displayed to a driver of the vehicle
17 on display 18.

Table 1 lists some presently known TPMS manufacturers/providers. Motorola and Pacific
30 Industries have each developed a TPMS, whilst other companies listed in Table 1 act as
suppliers for TPMS manufacturers, including some automobile producers that install their -

own TPMS.
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Table 1. Pressure sensor manufacturers involved in TPMS.
There are two main types of pressure sensor; resistive or capacitive. Both types of these
5  sensors rely on deflection of a membrane under an applied pressure difference. One side

of the membrane is exposed to internal pressure of a tire while the other side of the

membrane forms one wall of a sealed cavity filled with gas at a reference pressure.

The resistive-type sensors typically employ silicon-based micro -machining to form a

10  Wheatstone bridge with four piezoresistors on one face of the membrane. The sensor

responds to stress induced in the membrane. For capacitive-type sensors, the membrane

forms one plate of a capacitor. In this case, the sensor responds to deflection induced in

the membrane. Preferably, the responses should be linear with pressure, for predicability,

up to at least a critical point.

15

Transense Technologies, listed in Table 1, have developed a different type of sensor, based

on surface acoustic wave detection. This sensor relies on interferometric measurement of

the stress-induced deflection of a reflective membrane. A fibre-optic cable both fransmits

and receives laser light, with one end of the fibre-optic cable being inserted into the

20  interferometer. This system is discussed in Tran, T.A.. Miller ITI,, W.V., Murphy, K.A.,

Vengsarkar, A.M. and Claus, R.O., "Stablized Extrinsic Fiber Optic Fabry-Perot Sensor for
Surface Acoustic Wave Detection", Proc. Fi iber Optic and Laser Sensors IX, SPIE vol.
1584, pp 178-186, 1991.
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Speci fications of TPMS in_production. AM = products fi to,a.vehicle
after vehi cl EablapcHresibicytions éfT]_iMﬁk%?I}’fi“%n'im:eﬁg‘i“c ﬁ‘{eg?‘i/a yetyede g%IBSt TPMVB
are in stand-by node for the maiipat pircibse AR MAKdY S operating at set
intervals. The U S. legislation requires the systemto alert the driver

Wltgl n a set tine of detecting significant tire under-inflation
ci ther 200 cho BEEEE LAEAYlf R TARI IR st b 15! AORAABAIT g okl © 1 <
5  operating at set intervals. The U.S. legislation requires the system to alert the driver within
a set time of detecting significant tire under-inflation conditions. It also requires a warning
light to signal when the tire is either 20% or 25% under-inflated. Most of the devices
presently available in the market are accurate to within + 1 psi, which represents + 3 % for
a tire pressure of 30 psi. More generally, the sensor should perform in a harsh
10  environment, with temperatures up to 130 °C and accelerations of 1000g or more. Tire
pressure increases and decreases in response to corresponding changes in temperature.
Most systems presently available include a sensor to account for thermally induced
changes in tire pressure sensor sensitivity (Menini, Ph., Blasquez, G., Pons, P., Douziech,
C. Favaro, P. and Dondon, Ph., "Optimization of a BICMOS Integratetd Transducer for
15  Self-Compensated Capacitive Pressure Sensor,” Proc. 6™ IEEE Int. Conf- Electronics,

Circuits and Systems, Vol 2, pp.1059-1063, 1999).

As TPMS’s become standard on all motor vehicles, there is a clear imperative to produce

low cost, reliable, robust sensors that meet or exceed the statutory requirements.

20
The reference to any prior art in this specification is not, and should not be taken as, an

acknowledgment or any form of suggestion that such prior art forms part of the common

general knowledge.

25 Summary of the Invention
In a first aspect the present invcnﬁoﬁ provides a pressure sensor for sensing a fluid
pressure, the pressure sensor comprising:
a chamber partially defined by a ﬂexiﬁle membrane, the chamber containing a fluid
at a reference pressure, such that the flexible membrane deflects from any pressure
30 difference between the reference pressure and the fluid pressure, the membrane being at
least partially formed from conductive material; and,
associated circuitry for converting the deflection of the flexible membrane into an

output signal indicative of the fluid pressure; wherein,



presently available in the market are accurate to within 1 psi, which
represents 3 %for atire pressure of 30 psi. Mre generally, the sensor
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accel eratigns of ,1O00g or nore. Tire pressure increasgsAndodBfhneases in
response to correspondi ng changes in tengerature. Mst systens presently
avai l abl e include a sensor to account for thermally induced changes in
tire pressure sensor sensitivity (Menini, Ph., Blasquez, G, Pons, P.

Douzi ech, C. Favaro, P. and Dondon, Ph., "Optimn zation, of Bi
| nt egr at et d Tran@uu@émb@bﬂwiEﬂ@%Mﬂﬂ@%ﬁﬁﬁﬁéﬁFﬁHﬁﬁﬁﬁgéwagﬁmﬁ?@@% 8 %&nsor,

Proc. 6d | LR PTG Sraphi&alll Gbisked dhehe 8 ebRitiol Gchniqs.
1059- 1063, %@@5&&%{\%@%§bécoﬁe %?%nda?d on all notor vehicles, there is
a clear inperative to produce |ow cost, reliable, robust sensors that neet
or exceed t t or LNEARL 9.1 #9md Ne reference to any prior art in
this speci f%ﬁ%agh%esn%%l%%gghsc} shoui{‘)d1 %ot ‘be taken as, an acknow edgnent
or any fa m of suggestion that such prior art forns part of the comon

eneral know e 5 Sumary of t.h i . i[5k :
gr esent i nve‘?fﬁd 'Fﬁly&ﬁ?)%egf&e sa?X?ﬂI sag ﬁl?e‘eed @éﬁ%&%ﬁgﬁﬁéﬁgﬁ%@?ﬁ?’?ﬁ %‘r%‘es sure,

the pressure sensor conprising: a chanber partially defined by a flexible
menbr ane, the cha{Tb r cont.ainin fluid, at a reference pressure, such
that the fle??ﬁaéyﬁgﬁﬁné?{ésﬁg?ﬂag © $IEOhIAYIB o essure 30 difference between
the reference pressoHmRtAORysMRpésited th th emsiberto foinea fisshrbapaciter bledtragezand, | east
partially formed fromconductive material; an associ at.e J. I CMI for
convertily the ddhsBexhlpmmepbrangds qop B?’é‘@?ﬁdﬁ?maisﬁf%ldggpag%%tegﬁ l;('gel’gnal

i ndicative o&wﬁﬁﬁtfluid pressure; wherein, WO 2006/ 042357 PCT/ AU2004/ 001419

6 the chanber, thé flexible menbrane and_ the associ ated ci itry.ar
formed on and deflection of the flexible membrane changes %ne capacitance which the assdciated

circuitry converts to the output signal.
15  Preferably the membrane is at least partially made from a metal-nitride compound.

Preferably the metal-nitride compound is titanium nitride, titanium aluminium nitride,

titanium aluminium silicon nitride, tantalum nitride or tantalum aluminium nitride.

20  In another preferred embodiment the pressure sensor further comprises a CMOS layer

disposed between the conductive layer and the substrate.

In a further preferred embodiment the pressure sensor further comprises a passivation

layer at least partially deposited over the conductive layer.

25 .. ,
Preferably, the sensor is a micro-electro-mechanical device at least partially formed using
wafer bonding.

Preferably the membrane is approximately 0.5pm thick.

30

Preferably the conductive layer is less than 50 microns from the membrane in its

undefiected state.



t hrough a wafer substrate using |ithographically masked etchi ng and
deposition techniques. Preferably the nenbrane is less than 0.1 grans. 5
Preferably the pressure sensor is adapted to sense the air pressure within

a pneumatig tire .Preferably the sensor is a capacitafiyeuReiephe having: a
conductive Payer geposi ted in the chanber7to forma first capacitor

el ectrode; and, 10 the flexible nenbrane is conductive in order to forma
second capacitor electrode; such that, deflection of the flexible nenbrane

changes the gapacitance ich the associated .circui .converts to the
out put si gna%.re%ffg"lb a5 ¢ ﬂécukéﬁ%tﬁé‘ﬁléa“i“eer i P@ﬁéwﬁ)é?’??sal ly made from a

nmetal -nitride conpound. Preferably the netal-nitride conpound is titanium
nitride, titaniumalumniumnjtride,. tjtapiumalumniumsilicon nitride,
tant al um ni t Preferatly the mambrang it ]ﬁ?ﬁth?nt OdRCI08Y | 1 anot her preferred
enbodi ment the pressure sensor further conprises a CMOS | ayer disposed
bet ween the conductive | ayer and the substrate. In a further preferred
enbodi nenf t Resfosptdy thgmeembaansshiameterih K0 isHBfi ses a passivation |ayer at

| east partially deposited over the conductive |ayer. 25 Preferably, the
sensor is a mcro-electro-nmechani cal device at |east partially formed using
waf er bondi ngrefdeatdy theapisyr is pewensdby tadéo wavea pprseiitedelir®n ¢ r@n®esauiteek. 30
Preferably the conductive layer is |ess than 50 nmicrons fromthe nmenbrane
inits wundeflected state. WD 2006/ 042357 PCT/ AU2004/ 001419 7 Preferably
t he menbr anePreserabily thelflexible mémbramti ia addrainate baving 41 deest300 lagiers wirescin at least

10  one of the layers is at least partially formed from conductive material.

Preferably the layers within the laminate are be formed from the deposition of different

metal ceramics.
15  Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

Preferably, the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

silicon nitride, titanium aluminium silicon nitride, tantalum aluminium silicon nitride.
20  Preferably one or more of the layers of the laminate is metal.
Preferably the metal is titanium, tantalum or vanadium.

In another preferred embodiment the pressure sensor further comprises a second chamber
25  with a second membrane, the second chamber being sealed from the fluid pressure and the
second membrane deflecting from a predetermined pressure difference in the second
chamber; wherein,
the associated circuitry converts the deflection of the second membrane into an
adjustment of the output signal to compensate for the temperature of the sensor.
30
Preferably the sensor is a capacitative sensor, with a conductive layer deposited in each of
the first and second chambers and the first and second flexible membranes are conductive;

such that,



Preferably the nmenbrane dianeter is I ess than 300 mcrons. 5 Preferably the
menbrane dianeter is 100 mcrons. Preferably the sensor is powered by radio
waves transmtted froma renote source. Preferably the flexible nmenbrane
is alam Lng at |east two |layers wherein at | of the

| ayers isqgégqogfg‘é%&parti ally formed from conductive rra%?Z;rAanzﬁﬂ%%?gf erably
the layers within the lamnate are be forned fromthe deposition of
different metal ceram cs. 15 Preferably the netal ceram cs are netal

nitrides or m xed netal nitrides._.Preferabl t ) are
titani um nitri déhe ¢qnduetivegava ’Hﬁﬁ%ﬁﬁ{ﬁ%ﬁﬁnﬁ?iaaé,thet%ﬁtﬂagﬁgﬁ méﬁrlgézgoﬁﬁﬁlrl\i tride,
titani um al Y Qiok BleiddesHa thé Edtieteon df vt fabtflexblamembrane ciahges e nitride. 20

Preferably one or nore of the layers of the lamnate.is.metal. Preferably
the netal iSﬁpwltamﬁ‘ﬁm?hﬂléﬁﬁ&%ﬁfl&m\}%%’&?ﬁ%toﬂﬁom gl or ef erred

a
enbodi ment the pressure sensor further conprises a second chanber 25 with
a second nenbrane, the second chanber being sealed fromthe fluid pressure

and the ;se %ﬁ!ﬁﬂg R HEDpretsrd sonddF REQLRITNE Wefer ip b G5 wiafer
di ffer ensce 'lﬁjn e rs%‘%on e{ég#l%ﬁ herei

anber; wherein, the associated circuitry

converts the,defl eail 1dd D8 25 SR TRODSENE rdcBis@tddbd intshhu Sbimside of t he
out put si gn§1bs %egrggnﬁ%%gg{% %ﬁor tgﬁe&t egrrperz;ture of the sensor. 30

Preferabl y Lhe, SS030L 13 AnEPRAR A SISRMBOfeoest sl 12 st e | ayer

deposited i I'rs second chanbers and the first and
second fl exi bl e, menbranes are conductive; such that, WO 2006/ 042357 8
PCT/ AU2004/ B0 FYE: t he conductive layer in the first chamber and the first

fl exibl o menbrane, {om SaRach! BLySLEGHiRYER AN d 08 AELIR! bphosd Lhe 1ot

f1 exi bl e menbran®® acitance which the associated circuitry
convert got owhBRinouUt put signal. 5 In a further aspect there is provided a

ressure sensor wherein the wafer,. i a first fer
P the second is wafer bon(?ed to %he wafer s%bstr\alt\tae.

In another aspect there is provided a pressure sensor wherein the wafer bonding is direct
wafer bonding whereby the contacting surfaces of the first and second wafers are ultra
15 clean, and activated by making them hydrophilic or hydrophobic prior to bonding, and then

brought into contact at high temperature.

Preferably the contacting surfaces are brought together at a temperature greater than
700°C.

20
Preferably the wafer bonding is anodic bonding offers whereby the contacting surfaces of

the first and second wafers have a large voltage applied across them.

In another aépect there is provided a bressuré sensor wherein the wafer bonding is
25  intermediate layer bonding whereby a layer of low melting point material is applied to one
or both of the contacting surfaces of the first and second wafers so that heat and pressure

forms the wafer bond.

Preferably the low melting point material is silicon nitride or titanium nitride.

30

Preferably, the membrane is non-planar.



substrate with a front side and an opposing back side, a recess etched into
the front side and at |east one hole etched fromthe back side to the
recess; and the sensor further conprising: a second wafer on the back side

of the firgh &%%%ksio seal the at |east one hole;, 10 phefiBidloolspe second
is wafer bon&e to the wafer substrate. 9n anot her aspect there is provided

a pressure sensor wherein the wafer bonding is direct wafer bonding
whereby the contacting surfaces of the first and second wafers are ultra 15
cl ean, and activated by maki ng them hydrophilic or hydrophobic prior to
bondi ng, andrefEehly hseraens istgwdiflact at high tenperature. Preferably the
contacting surfaces are brought together at a tenperature greater than
700C. 20 Preferably the wafer bonding is anodic bpn(%i n% (%ffers wher eby t he
contacti ng Juefbrblyshefiexitigeorrugpted msmirage BEHACORRERL PTE 4 | arge vol t age
applied across them In another aspect there is provided a pressure sensor
wherein the wafer bonding is 25 internedi ate | ayer bondi ng whereby a | ayer
of |ow rréltiHngerpblb'rﬂleM@rﬁaaﬁliﬂ@laﬂ@mqséﬂpwbm#el{% both of the contacting
surfaces of the first and second wafers so that heat and pressure forns
the wafer bond. Preferably the Iow nelting point material is silicon
nitride or thr¢fanblynthevemboes corB@atvnsthayabperiodofibetesrt mitgonsgnd - pl anar. WO
2006/ 042357 PCT/ AU2004/ 001419 9 Preferably the nenbrane is corrugated.
Preferably tHE®Mexi bl e corrugated nenbrane has a corrugation factor of 8.
5 Preferably, the sensor has a |linear response up to about 1Mra.

10  Preferably the membrane is substantially circular and the corrugations are annular.

Preferably the corrugations have a substantially square-shaped cross-sectional profile.

In a further aspect there is provided a pressure sensor further comprising an apertured
15  guard over the membrane formed using lithographically masked etching and deposition
techniques.

Preferably, the guard is a laminate having at least two layers.
20  Preferably the layers are different materials.

Preferably the different materials are silicon nitride and silicon dioxide.

25

Tn a second aspect the present invention provides a pressure sensor for.sensing a fluid

pressure, the pressure sensor comprising:

a chamber partially defined by a flexible membrane, the chamber containing a
30  fluid at a reference pressure, such that the flexible membrane deflects due to pressure
differentials between the reference pressure and the fluid pressure; and,
associated circuitry for converting the deflection of the flexible membrane into an
output signal indicative of the fluid pressure; wherein,
the membrane is less than 0.1 grams.
35



Preferably, the nenbrane corrugations have a period of between 5 m
) crons
?Eg ggrrnlc[pns. 10 Prefe{ably the nmenbrane is substantially circular and
ugations are annular. Preferably the corrugations have a
substanti -shaped cross-sectional profile
there is g%ééwﬁggggfpressure sensor furtter 2onprisindkgﬁﬁgggﬁﬁﬁgédaigeCt
guard over the menbrane forned using |ithographically masked etching and
deposition techniques. Preferably, the guard is a | am nate having at |east
the di 11 er eRretil earsosh Srgrt PEUH Breoet ASEpar el ineditisal 26 Tn &
_ : _ IoX1de.” 25 In a

Seﬂ)nd aSpeﬁ{asﬁeﬁ%tcﬁhﬁﬁﬁé‘ﬁ?'oﬁﬁ&meb]gﬂq&gpvI des a pressure. sensor for:sensing
a fluid pressure, the pressure sensor conprising: a chanber partially
?g;;ned by a flexible nmenbrane, the chanber containing a 30 fluid at a

rence p : | 1REKAr i vElbEic t
pressure d?&%%?gﬁgwgﬁgggé%%ggﬁbgﬁ%kgg#%%ﬁﬂ%§ﬁ§$essjggm%ﬁgb?%e fFS?E
P{gifg{gs and, associated circuitry for converting the deflection of the

_ megpbr.a nt o an. - Sl %ﬂgicative f i ;
wher ei n, thg}?%ﬁ[ﬁyQ}?ge?sgr?gggﬁatgﬁ%uﬁg%%l} ams. 35 V\ADO20%)2/60]:4|2§::3C7]I %essure,
\F;g/e AU2004/ oP ;ﬁgcodauaﬁeﬂﬂat depbsited swths ohaniter fooforr @ fist capaeitar siestiedss 8% | i con

r using li raphj ca nma =hi rYo Jat dadMai bgales
Preferably the pﬁ'gggg'gk n%%‘?‘%?ﬂe 5§ éolﬁgg%lg’%g%b@gr tgens%e%ﬁiﬂdﬁa@%g%i%%g&w t hi n
a pneunmati c ghdhtRat, 5 Preferably the sensor is a capacitative sensor having:

a conductive | ayer_deposit i i ;
el ectrod8: and, Y Geflection osfltheetgex%brlle }ngr(ralbrcaplg c agéest eéaggcri'@a&ef\ﬁlﬁa"}thg aRBGAES"

circuitry converts to the output signal.

Preferably the membrane is at least partially made from a metal-nitride compound.

15  Preferably the metal-nitride compound is titanium nitride, titanium aluminivm nitride,

titanium aluminium silicon nitride, tantalum nitride or tantalum aluminjum nitride.

Preferably the pressure sensor further comprises a CMOS layer disposed between the
metallic layer and the substrate.

20
Preferably the pressure sensor further comprises a passivation layer at least partially

deposited over the metallic layer.

Preferably the sensor is a micro-electro-mechanical device at least partially formed using

25.. wafer bonding.
Preferably the membrane is approximately 0.5um thick.

Preferably the conductive layer is less than 50 microns from the membrane in its

30 undeflected state.

Preferably the membrane is circular with a diameter less than 500 microns.



the flexible nmenbrane is conductive in order to forma second capacitor
el ectrode; such that, 10 deflection of the flexible nenbrane changes the
capaci tance which the associated circuitry converts to the output signal.

Preferably, é@@da%gp;ane is at least partially nmade frgpdgiBlabny tride
conpound. ki ref'érably the netal-nitrige conpound is titaniumnitride,

titaniumalumniumnitride, titaniumalumniumsilicon nitride, tantalum
nitride or tantalumalumniumnitride. Preferably the pressure sensor

further conprises a CMOS | ayer dispose ween the netallic layer and the
substrat e. ngwfwté}’&emf%nﬁé‘ma’regkﬁfﬁtgaé‘gag)bfm’f“i?ﬁ'her conpri ses a

passivation | ayer at |least partially deposited over the netallic |ayer.
Preferably the sensor is a mcro-electro-nechani cal device at |east

partial |y f Breftwablythiempmbpane diagetsis HOTCIYS- Preferably the menbrane is
approximately 0.5mthick. Preferably the conductive |layer is |less than 50
mcrons fromthe nmenbrane in its 30 undeflected state. Preferably the
menbr anes i s Priferahly the swisphis goweradrby eadia wayes {rRRHIBRIGTIR & FEILC SAW5°2006/ 042357
PCT/ AU2004/ 001419 11 Preferably the nenbrane dianeter is |less than 300
mcrons. Preferably the nenbrane dianeter is 100 microns. 5 Preferably the
sensor is powiirssdy e fleaiblamephres: is pdavinite hedng stdersiiwe dBsTsovhegin gideast

T eranly bhSulheat BATHRLRM Brfled BTRIBARhRAGIA! | east Ly fayers

wherein at PBH S 1S at least partially formed from
conductive material. 10 Preferably the layers within the |am nate are be

formed fl{) © mPE'er%g-a‘tﬂg ?h% L}ECII‘SOVI}iﬂ(I%II th%llatrIn%!"it% gl;[:e be%}n?éd ol él@dgp%sition of different

metal ceramics.
Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

15  Preferably the metal ceramics are titanivm nitride, titanium aluminium nitride, tantalum

silicon nitride, titaniom aluminium silicon nitride, tantalum aluminium silicon nitride.
Preferably one or more of the layers of the laminate is metal.
20  Preferably the metal is titanium, tantalum or vanadium.

Preferably the pressure sensor further comprises a second chamber with a second
membrane, the second chamber being sealed from the fluid pressure and the second
membrane deflecting from a predetermined pressure difference in the second chamber;
25  wherein,
| the associated circuitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.

Preferably the sensor is a capacitative sensor, with a conductive layer deposited in each of

30 the first and second chambers and the first and second flexible membranes are conductive,

such that,



Preferably the nmetal ceramics are netal nitrides or m xed netal nitrides.
15 Preferably the netal ceramcs are titaniumnitride, titanium alum nium
nitride, tantalum silicon nitride, titaniumalumniumsilicon nitride,

tant al um falvﬁgb&ffo%?i licon nitride. Preferably one orpdfiiBoRfeodsdre | ayers

of the la eis nmetal. 20 Preferablyithe netal is titanium tantal um or
vanadi um Preferably the pressure sensor further conprises a second chanber
with a second nenbrane, the second chanber being sealed fromthe fluid

pressure and the second_  nenbrane_deflectin r redgﬁ ] pressure
di fference in ththeseedsaivedavesiidhe ﬁs??ﬁ&@%ﬁéeﬁﬁﬁnéﬁ%@é%m a?‘feagggﬁacui try

converts the, defleel |0 9hd fp 8cRREOISE HEMHRE ANGLIE Bicmbane ciamipessherent of the
out put signa? to conpensate for the tenperature of the sensor. Preferably

the sensor icapasitampwbich e agsocisted SEPUITHLONYHS OIRGRPTFE Fayer deposited in
each of 30 the first and second chanbers and the first and second fl exible
menbr anes are conductive; such that, WD 20061042357 12 PCT/ AU2004/ 001419

the condyct {P‘é&er'g %gﬁ% egipgﬁg;t E‘fﬁ%f i € (vith A Groh\8dd dndsh oppciiptack steertar ane

f orm capaci es” an ection of the first flexible nenbrane

changes the . CaPaSLA NS Gt Flld 18 80R0CHARABAaIp 1 1EANIE b®d 0 {he

out put si gnaf© e wafer 1s a first wafer substrate with a
front side and an osin ack sj .a recess etched into the front side
and at Ieastre‘(?ﬁ“'éa‘l‘f]gtﬁ Sep ?F%lﬁ#%%eg' back side to the recess; and the

sensor further conprising: a,second. wafer.on i et Qhe idie first
waf er to seal thésﬁiongg O%ﬁ’g%ﬁ Sqevov%\%eei?rgtl%%f&%e)g%%gm?econd Ts Waf er
bonded to thgenafer substrate. Preferably the wafer bonding is direct wafer

bondi ng whereby the contacting surfaces of .the first and second wafers are
ultra cli®an, andﬂ?f@??ﬂﬁﬁﬂ%‘ﬁafﬁ&bqgﬁtﬂghet‘ﬁ%f%mwephi lic or hydrophobic prior

to bondi ng, and then brought into contact at high tenperature.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by making them hydrophilic or
hydrophobic prior to bonding, and then brought into contact at high temperature.

15
Preferably the contacting surfaces are brought together at a temperature greater than

700°C.

Preferably the wafer bonding is anodic bonding offers whereby the contacting surfaces of
20  the first and second wafers have a large voltage applied across therm.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
point material is applied to one or both of the contacting surfaces of the first and second

wafers so that heat and pressure forms thie wafer l?on'd. '

25
Preferably the low melting point material is silicon nitride or titanium nitride.
Preferably, the membrane is non-planar.

30  Preferably the membrane is corrugated.

Preferably the flexible corrugated membrane has a corrugation factor of 8.



15 Preferably the contacting surfaces are brought together at a tenperature
greater than 700C. Preferably the wafer bonding is anodic bonding offers
whereby the contacting surfaces of 20 the first and second wafers have a

| ar ge vol lLi.ed across them Preferably the waf I i

i nt er medi é?(ggqog@%#?bondi ng whereby a | aygr of | ow m??r%&ﬂ&b‘g@%%ﬁmte” al
is applied to one or both of the contacting surfaces of the first and
second wafers so that heat and pressure fornms the wafer bond. 25
Preferably the low nelting point material is silicon nitride or titanium
nitride. Preferably, the nenbrane is non-planar. 30 Preferably the
menbrane isp ?ér&ﬂfg%ee&nso%%ﬁ&@ﬁézﬁoh&dﬂte&b&itemrrugat ed menbrane has a
corrugation factor of 8. WD 2006/ 042357 PCT/ AU2004/ 001419 13 Preferably,
the sensor has a |inear response up to about 1MPa. Preferably, the nmenbrane
cor rugat i ong, s, 3nARLEOLOLoRBRIRS iR dTifibbbsaAkn Snicnsher 1315
Preferably K& etiorane |'s substant i ally circular and the corrugations are
annul ar. 5 Prsdremsabl y the corrugati ons have a substantially square-shaped
cross-sectional profile. 10 In a further aspect there is provided a
pressure sensor further conprises an apertured guard A over the nmenbrane
formed usi n@rdfirtible dreapdmtrane iy substsitinlly stretlimpgd shecFoRBEBIONY B AN &EChni ques. 15
Preferably, the guard is a lam nate having at |east two |layers. Preferably
the layers are different materials.” Preferably the different materials are
silicon nit pretgamntheiotrhgionsihave ia debstantially square-shaped cross-sectional profile.

10 ‘
In a further aspect there is provided a pressure sensor further comprises an apertured guard

over the membrane formed using lithographically masked etching and deposition

techniques.
15  Preferably, the guard is a laminate having at least two layers.
Preferably the layers are different materials.

Preferably the different materials are silicon nitride and silicon dioxide.

20
In a third aspect the present invention provides a pressure sensor for sensing a fluid
pressure, the pressure sensor comprising:

25 first and second chambers having first and second flexible membranes respectively,

the first and second flexible membranes configured to déflectin resporise to pressure
differences within the first and second chambers respectively, the first membrane arranged
for exposure to the fluid pressure and the second membrane sealed from the fluid pressure;
and,

30 associated circuitry for converting the deflection of the first flexible membrane into an
output signal related to the fluid pressure, and converting the deflection of the second

membrane into an adjustment of the output signal to compensate for the temperature of the

5CNS0Or.



20 In a third aspect the present invention provides a pressure sensor for
sensing a fluid pressure, the pressure sensor conprising: 25 first and
second chanbers having first and second fl exi ble nmenbranes respectively,
the first fl exi bl e menbranes configured to | i esponse
to pressuﬂggg%gﬁgégﬂnces within the firgg and second éﬂg%%gggm?%giectively,
the first nmenbrane arranged for exposure to the fluid pressure and the
second nmenbrane sealed fromthe fluid pressure; and, 30 associated

circuitry for converting the deflection of the fifpst flexible.menobrane into
an output Preferally ﬂ@lsarnseamtfmeﬁ@nﬁ%ﬁa“&gé%ﬁ@é?”%ﬁW%ﬁ@‘%ﬁ"? ]iﬁ]rﬁ%aﬁy he

defl ection £CONE qelRitBE fatnilnis0 an adj ust nent of the output signal
to conpensa?%sﬁeg%tctﬁ?% ten%ﬂesgature of the sensor. WD 2006/ 042357

PCT/ AU2004/ 001419 14 Preferably the sensor is formed on and through a
silicon wafer using | SaRA Yed 10TBHEE e 8l HRishife ARHindgPOShiticatie.

t echni ques.%ﬁf%r e1 %Balﬂ§é8?1}%gsgirggﬂslggérl esensor is adapted to sense the air
pressureswithin a pneurmatic tire. 5 Preferably the menbranes are each |ess

than 0.1 gr . Preferably th @Enﬁt | east partially made from a
netal-nitrig§§@BWﬁ§ﬁﬂﬁgaD Sﬁﬁﬁ?era%ﬁggf%g netal -nitride compound is
titaniumnitride, titaniumalumniumnitride, titaniumalumniumsilicon
nitride, tantglumnitride or tantalu Je] | bLbderide BERbRmabl y the
pressure seﬁ?%%ﬂﬁ% GaFm BWEﬁﬁgﬁgmﬁﬂ%kﬁgyH%@%?ﬂﬁﬂ%posgﬁ gtme%n t he
conductive |layer and the substrate. 15 Preferably the pressure sensor
further conprises a passivation |ayer at .|east..partially . :5ed over
t he Cond@CFPP\y%feqa‘gyéheretal-niu% ecompouvnﬁ is t?tamum n1‘cr1dg,z%ltitﬂlﬂﬁh lﬂﬁlﬂ%&hﬁé

titanium aluminium silicon nitride, tantalum nitride or tantalum aluminium nitride.

Preferably the pressure sensor further comprises a CMOS layer disposed between the
conductive layer and the substrate.

15
Preferably the pressure sensor further comprises a passivation layer at least partiaily

deposited over the conductive layer.

Preferably, the sensor is a micro-electro-mechanical device at least partially formed using

20 wafer bonding.
Preferably the membrane is approximately 0.5um thick.

Preferably the conductive layer is less than 50 microns from the membrane in its

.-.-25...._undeflected state.
Preferably the membrane is circular with a diameter less than 500 microns.
Preferably the membrane diameter is less than 300 microns.
30

Preferably the membrane diameter is 100 microns.

Preferably the sensor is powered by radio waves transmitted from a remote source.



Preferably, the sensor is a mcro-electro-nechanical device at |east
partially formed using 20 wafer bonding. Preferably the nenbrane is
approximately 0.5mthick. Preferably the conductive |layer is |less than 50
mcrons fr rane in its 25,:,.. undeflected rably the
menbr ane i‘ggél}m?%ﬁ r wth a diameter |ess than 500 m cﬁ%‘s@m@?%ﬁir ably the
menbrane dianeter is | ess than 300 mcrons. 30 Preferably the nenbrane
dianeter is 100 mcrons. Preferably the sensor is powered by radi o waves
transmtted froma renote source. WO 2006/ 042357 15 PCT/ AU2004/ 001419
Preferably the flexible nmenbranes are | am nates having at |east two | ayers

wher el n at - beaglyy AIGeRbId Ebaa TS litintles haagta pastivaldyprshdrmitaficesm
conductive material. b s within the | am nate are be

Preferably the | ayer
formed fr omondef tkelpyes Si%waﬁmmﬁymﬂﬁo%?%uc%‘@r‘&ﬂ% " Preferably the
metal ceramcs are netal nitrides or mxed netal nitrides. 10 Preferably,
the metal ceramics are titaniumnitride, titanium al Hm nj.umg(iﬁh%i de,
HHRIERY o) um

tantal uns s ipdfeably thetlayedeyitltin therdminatg pxerhedomed o e ACRESHPR g
alumniumsilicon nitride. Preferably one or nore of the |ayers of the
| aminate is 7Y% preferably the nmetal is titanium tantal um or

vanadium In a father aspect there is provided a pressure sensor further

COMPrL S1 N0: eaotel 8L SUBSLLALE o Ll LBl dibassoatibRgesses, the (11!

flexible ne iTSt recess to define the first chanber,
the 20 first chanber containing a fluid at a reference pressure such that

the first flexible menbrane deflects due.to.a.oregsire di-fferenagmbet ween
the ref dfendectpralydhs we W?lﬂ’ésa?%&“ﬂmb?l&&seut%tg?l%eacappl ng En{egl or - coveri ng

the second rAEEssit®, SE&umtdMeniaredikonnitrite tantahomatukenium silicon nitride.
Preferably one or more of the layers of the laminate is mefal.
15  Preferably the metal is titanium, tantalum or vanadium.

Tn a further aspect there is provided a pressure sensor further comprising:

a wafer substrate with first and second recesses;
the first flexible membrane covering the first recess o define the first chamber, the

20  first chamber containing a fluid at a reference pressure such that the first flexible
membrane deflects due to a pressﬁre difference between the reference pressure and the
fluid pressure;

a capping member covering the second recess to seal the second chamber from the
fluid pressure, the second membrane dividing the second chamber into sections fluidically

25  sealed from eachother; a predetermined pressure difference between the sections of the .

second chamber causing the second flexible membrane to deflect.

Preferably the sensor is a capacitative sensor, with a conductive layer deposited in each of

the first and second chambers and the first and second flexible membranes are conductive;

30  such that,



fluid pressure, the second nenbrane dividing the second chanber into
sections fluidically 25 sealed fromeachother;,a predeterm ned pressure
di fference between the sections of the - second chanber causing the second

flexible r defl ect. Preferably the sensor i sp@ycedaGoladi ve
sensor, Ww ga@%ﬁ%ﬁctive | ayer deposited in each of ﬁﬁ% ?@rst and second

chanmbers and the first and second fl exi bl e menbranes are conductive; 30
such that, WD 2006/ 042357 16 PCT/ AU2004/ 001419 the conductive layer in the

first chanber and the first flexihle nepbrane formc i trodes and

the deflection oﬁﬁFWémﬂﬁ@§@mfF€¥?gﬁ%dﬁﬁﬁﬁ?%ﬁgmﬁﬁgﬁ%ggﬁgﬁgﬁB%%%ggﬁtance

i}&%ﬁ?u&&% G thE Mo fERBMEs B 121 beblotiembtans cigmges thé Pr ef er abl y
rst wa

whi ch the aggp%
the wafer is*a 1l er substrate with a front side glnd an opposi ng back

side, a recagssitateibigh thetassociatedcirgrEy sPryETSFhePuPU I yne hol e et ched
fromthe back side to the recess; and the sensor further conprising: a
second wafer on the back side of the first wafer to seal the at | east one

hol e; \Q’S;‘ ' ?Ff%ér@é? g{,eqﬁag%gg PR iﬂﬁt&l“@fb@ﬁatp%ﬁﬁ g GohOsidddwaloppostgihatk side a

Prefera Ing 1I's direct wafer bondi ng whereby the contacting

surfaces of the firs nd sec f rofer @@ Mackasidt ta@td vat ed by
meki ng therrf‘?ﬁ??fr%‘éi‘ﬁ‘gVﬁttoc%S%onﬁ}%p%g%?%%%ﬁ%?&'It:]%éabondi ng:dc and t hen br ought

into contact at hi te rature. 15 Preferably the contacting surfaces are

br ought tog@#ﬁ@ﬁméﬂﬂﬁs qﬁg@%ﬁ?ﬂ?gmé%ggter than 700C. Preferably the wafer

bondi ng is anodic bondi ng offers wher Gon % i backsie;of 20 the

first and second?fPet ¥? ﬁ%&ﬁ%P%sé%wet%géyapp%?%%mgcross t hem

Preferably thigrqpfer bonding is internediate |ayer bonding whereby a |ayer

of low nelting point materjial is ﬁgﬁ'iéd tg one or both of the contacting
ed ey Hey

surfacedOof the thesagond figvalerhong % heat and pressure forns
t he =waf er bond.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by making them hydrophilic or
hydrophobic prior to bonding, and then brought into contact at high temperature.

15
Preferably the contacting surfaces are brought together at a temperature greater than

700°C.

Preferably the wafer bonding is anodic bonding offers whereby the contacting surfaces of

20  the first and second wafers have a large voltage applied across them.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
point material is applied to one or both of the contacting surfaces of the first and second
wafers so that heat and pressufe forfils the Wafer bond.

25
Preferably the low melting point material is silicon nitride or titanium nitride.

Preferably, the membranes are non-planar.

30  Preferably the membranes are corrugated.

Preferably the flexible corrugated membranes each have a corrugation factor of 8.



25 Preferably the low nelting point material is silicon nitride or titanium
nitride. Preferably, the nenbranes are non-planar. 30 Preferably the
menbranes are corrugated. Preferably the flexible corrugated nmenbranes each
have a con&ggﬁkkgﬂsjactor of 8. WD 2006/ 042357 17 PCT/R\20004.@0 sl O
Preferably, "the Séhsor has a |inear respbnse up to about 1MPa. Preferably,

t he nmenbrane corrugations have a period of between 5 mcrons and 15 5

m crons. Preferably the nenbranes are substantially circular and the
corrugations are annular. Preferably the corrugations have a substantially
squar e- shaped cross-sectional profile. 10 Preferably the pressure sensor

further conplreifeﬁ%iy RRSF bidlafhefyaipdneMprto asoal 1MPat he nmenbranes forned
using lithographically masked etching and deposition techniques.

Preferably, the guards are a |am nate having at |east tw |layers. 15

Preferably phe | iy, heSmahisal ofGEARdhs ARV peabdof tetvades Sahiktons el i f f er ent
materials are Slt] ’con nitride and silicon dioxide. 20 In a fourth aspect

t he presgnt misremsnt i on provides a pressure sensor for sensing a fluid
pressure, the pressure sensor conprising: a chanber partially defined by a
fl exi bl e menbrane, the chanber containing a 25 fluid at a reference
pressure, spgiferiiigthetnvenbidnex arlsebstratipiagieulabpnddie COTRigatiqng s PILHE o
differentials between the reference pressure and the fluid pressure; and,
associated circuitry for converting the deflection of the,flexigle menbr ane
into an  oUPpRIIY Gleabrrigatibesitave @ sdfstantiglyf sauirershaped srapsesectignal BORe:  he
menbran(%Oi s at least partially fornmed froma conductive-ceramc material.

Preferably the pressure sensor further comprises an apertured guard over each of the

mermbranes formed using lithographically masked etching and deposition techniques. '

Preferably, the guards are a laminate having at least two layess.
15
Preferably the layers are different materials.

Preferably the different materials are silicon nitride and silicon dioxide.

20

In a fourth aspect the present invention provides a pressure sensor for sensing a fluid

pressiire, the pressure sensox comprising:
a chamber partially defined by a flexible membrane, the chamber containing a
75 fluid at a reference pressure, such that the flexible membrane deflects due to pressure

differentials between the reference pressure and the fluid pressure; and,
associated circuitry-for convertinig the deflection ofthe fléxible membrane into an

output signal indicative of the fluid pressure; wherein,
the membrane is at Jeast partially formed from a conductive-ceramic material.

30
Preferably the conductive ceramic is & metal nitride.

Preferably, the membrane is titanium nitride, tantalum nitride, vanadium nitride.

35  Preferably, the membrane is be formed from mixed metal nitrides.



30 Preferably the conductive ceramc is a netal nitride. Preferably, the
menbrane is titaniumnitride, tantalumnitride, vanadiumnitride. 35
Preferably, the nmenbrane is be formed from m xed netal nitrides. WO

2006/ 0423 U2004/ 001419 Preferably the m xe des are
tltanlun1§&9%§mpgﬁéfrlde tantalumsilit®on nitride, 3gﬁ§g?hﬁPgFFicon
nitride, titaniumalumniumsilicon nitride, or tantalum alum niumsilicon
nitride. 5 Preferably the chanber, the flexible nenbrane and the associ at ed
circuitry are formed on a silicon wafer substrate using lithographically
masked etching and deposition techniques. Preferably, the menbrane is |ess

than 0.1 grang ﬁm@&:ﬁi&rxﬁaﬁm&b@ ¢ REHIUEIIRen aimidd, mnaliapmh@mmﬁndanse t he
alr pressure Wlt

neumatic tire, ferablyy the
capaC|tat|vem@émsnﬂﬁha@ﬂﬁ@BUEHWHHHWBPPW%mf éﬁ%ngé ﬁ?%%nghmﬂ%er to
forma flrsjﬁg acitor electrode; and, 15 the flexible nenbrane i's
conductive Tn ofder to forma second capaci tor el ectrode; such that,
defl ecti®n of the flexible nenbrane changes the capacitance which the
associ ated ,cict Y, SO0 s L @pahted SuRtriefrefainky ot he
pressure seﬁgé?q#ﬁ&iﬁhgg%%q&%??@@eggﬁmﬁMkﬁgigw di sposed het ween, the
conducti ve b@tﬁfwafaﬁhubhmmbgtlrﬂmgeaphmﬂ}év @Iﬂ%ﬁ gtohing ang depagipon i Sfurther
conprises a passivation layer at |least partially deposited over the
conductive layer. 25 Preferably, the sensor is a mcro-el ectro-nmechanica
device at | eaftraflq thé kinprahoisies thas Origgramamf er bondi ng.

i0
Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.
Preferably the sensor is a capacitative sensor having:
a conductive layer deposited in the chamber to form a first capacitor electrode; and,
15 the flexible membrane is conductive in order to form a second capacitor electrode;

such that,
deflection of the flexible membrane changes the capacitance which the associated

circuitry converts to the output signal.

20  Preferably the pressure sensor further comprises a CMOS layer disposed between the

conductive layer and the substrate.

Preferably the pressure sensor further comprises a passivation layer at least partially
deposited over the conductive layer. -

LR IR ‘2‘5 - = S ATRSTHERNN .
“ Preferably, the sensor is a micro- -electro-mechanical device at least parhally formed using

wafer bonding.

Preferably the membrane is approximately 0.5pm thick.

30
Preferably the conduciive layer is less than 50 microns from the membrane in its

undeflected state.



Preferably the nmenbrane is approximately 0.51limthick. 30 Preferably the
conductive layer is less than 50 mcrons fromthe nenbrane in its
undefl ected state. WO 2006/ 042357 19 PCT/ AU2004/ 001419 Preferably the

menbr ane i [ with a diameter |ess than 500 m g anSnodsisgs ably the
menbr ane d@gég{s@o?is?{g | ess than 300 mcrpns. 5 Preferably the nmenbrane

dianeter is 100 mcrons. Preferably the sensor is powered by radi o waves
transmtted froma renote source. Preferably the flexible nenbrane is a

| am nate having at | east twp | ayers, wherei t : ne of the | ayers
is at IeastPIp&rﬂ)aﬂhPW%%éFWBlﬁﬁ%ﬂﬁ’@ﬂe&é%ﬁ% %??%@%’rngf erably the

| ayers within the |lamnate are be formed fromthe deposition of different
nmetal ceramics. 15 Preferably the metal ceramics are netal nitrides or

m xed et al Pnefdra:hhd@smemb@ﬁﬁléld&meﬁflstl‘?ﬁéﬂﬁ’é‘ﬁibnc‘}%"loﬁ?ﬁ cs are titaniumnitride,
titaniumalumniumnitride, tantalum silicon nitride, titanium alum nium
silicon nitride, tantalumalum niumsilicon nitride. 20 Preferably one or
nore of $ hePiefoyshiptheimenthearicdirmeter és 109 48RS Preferably the metal is
titanium tantalum or vanadium Preferably the pressure sensor further
conpri ses a second chanber with a second 25 nmenbrane, hesecond chanber

bei ng seal edrefdrably thesersbeis gowered byradioavayes Hansgudedepm a raAHIORHE: def | ecti ng
froma predeterm ned pressure difference in the second chanber; wherein,
the associated circuitry converts the deflection of the second nbr ane
into an  adpkséramyhedlexiblamentimadis s lagrindte havingheasiaodaseBRerdd Hiefffbr at ur e

of the sensor. 30 Preferably the sensof.| acitatdive sensor, with a
conduct it@e F’@Sl‘éfr"h‘?j]éi?S‘('3'§fs'tf’ég= tpagally, OBPe‘{{rﬁglc??(ﬁfgﬁ and@éecond chanbers and
the first and second fl exi ble menbranes are conducti ve;

Preferably the layers within the laminate are be formed from the deposition of different

metal ceramics.

15  Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

Preferably, the metal ceramics are titanium pitride, titanium aluminium nitride, tantalum

silicon nitride, titanium aluminjum silicon nitride, tantalum aluminium silicon nitride.
20  Preferably one or more of the Jayers of the laminate is metal.
Preferably the metal is titanium, tantalum or vanadium.

Preferably the pressure sensor flrther comprises 2 second chamber with a second
25  membrane, the second chamber being sealed from the fluid pressure and the second
membrane deﬂeéﬁng from a predetermined pressure difference in the second chamber;

wherein,
the associated circuitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.

30
Preferably the sensor is a capacitative sensor, with a conductive layer deposited in each of

the first and second chambers and the first and second flexible membranes are conductive;

such that,



such that, WD 2006/ 042357 20 PCT/ AU2004/001419 the conductive layer in the
first chanber and the first flexible nmenbrane form capacitor el ectrodes and
the deflection of the first flexible nenbrane changes the capacitance

whi ch the associ circuitry converts to the output wsidNdoesmeief erably
t he waf er %ézg&f %’gf waf er substrate wi2dh a front si dePQdand an opposi ng back

side, a recess etched into the front side and at | east one hol e etched
fromthe back side to the recess; and the sensor further conprising: a

second wafer on the back side_ of fi east one
hol e; wherein, thecerductivedsyegin e %htamg g%mte%sﬁfﬁ ?ea*‘er S e[;;1‘0%-Arlate.
Preferably tﬂ}% i‘{@ L RO did e LS diisesthd@biexitationbranherepss thhe contacting
surfaces of Re fifst an econd wafers are ultr Iea and activated by
maki ng thenmnacﬁltammwhnchﬂlsrﬂssow&ﬂ(%ﬁﬁmEonb’F‘itsotPléﬂeo"“g%ﬁa‘lgﬂag and then brought
into contact at high tenperature. 15 Preferably the contacting surfaces are
. brought together at a tenperature greater than 700C. Preferably the wafer

bondi ng Ls gnodl.c. Bodlg, L SicHIBKERY v FORIN kN a0 oppsibatesk e, 20 Lhe

first and Waé have a arge voltage applied across them

Preferably the wa e&%‘ﬁﬁ] ?Qrﬁg'gpgta&ednﬁtaﬁr d@rﬁo?eétéﬁé@ﬁ:‘roﬁpﬂﬂgbé&s\ﬁ&%&by a layer

of |ow melt FHgsS 'S ap to one or both of the contacting
surfaces of the first and ers so that heat and pressut&fornisahe
waf er bond. Teassspfngk ?%FBF? V\P %ing point material is silicon nitride

or titaniumnitride. fer = bne ktfle; Pr ef erabl y
the nmenbrane is éé?cPEfb‘éf? %Fﬁ%‘r%“gﬁ‘)&“%@&f Z%%F%P@glra{rlgag%t%ed menbr ane has

a corrugati Qi factor of 8.

10 the second is wafer bonded to the wafer substrate.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by making them hydrophilic or
hydrophobic prior to bonding, and then brought into contact at high temperature.

15
Preferably the contacting surfaces are brought together at a temperature greater than

700°C.

Preferably the wafer bonding is anodic bonding offers whereby the contacting surfaces of

20 the first and second wafers have a large voltage applied across them.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
point material is applied to one or both of the contacting surfaces of the first and second

wafers so that heat and préssute formsthe wafer bond.

25
Preferably the low melting point material is silicon nitride or titanium nitride.

Preferably, the membrane is non-planar.

30  Preferably the membrane is corrugated.

Preferably the flexible corrugated membrane has a corrugation factor of 8.



WD 2006/ 042357 21 PCT/ AU2004/ 001419 Preferably, the sensor has a linear
response up to about 1MPa. Preferably, the nmenbrane corrugations have a
period of between 5 microns and 15 5 microns. Preferably the nenbrane is
substanti i T ar and the corrugations are annul age ] ly the
corrugatigﬁ%%ﬂ§%%£§+substantialIy squar @1 shaped cross?ggg?g%ﬁg@Lg$ofile.

10 Preferably the pressure sensor further conprises an apertured guard over
the nenbrane forned using lithographically masked etching and deposition
techni ques. Preferably, the guard is a | am nate having at |east two |ayers.
15 Preferably the layers are different materials. Preferably the different
materials apeesidhi GAIeRidk hhdLlimArespdnbE@todboxilvPa. 20 In a fifth aspect
the present “invention provides a pressure sensor for sensing a fluid
pressure, the pressure sensor conprising: a first wafer substrate with a
front side and &y QPPASHAANDEHueiiSHR have £368086f betwéenBanictals byd tef i ned by a
fl exi bl e menbrane’formed on the-front side and at | east one hole etched
from t hesbaekdcshde to the chanber; a second wafer on the back side of the
first wafer to seal the at |east one hole; wherein, the chanber contains a
fluid at a reference pressure, such that the flexible 30 nenbrane defl ects
due to presPyferablyfifoanemiiniad is sistantialy citeelar 2 Shets@eHions €5 PEMHd the fluid
pressure; and, -associated circuitry for converting the deflection of the

fl exi bl e menbrane into an out'put signal indicative of the fluid pressure;
wherein, t hesmeMyhemtegations hafersubuamtelly sqaretsbarred censs-agriel BRHLt r at e.

10 ' .
Preferably the pressure sensor further comprises an apertured guard over the membrane
formed using lithographically masked etching and deposition techniques.

Preferably, the guard is a laminate having at least two layers.
15 '
Preferably the layers are different materials.
Preferably the different materials are silicon nitride and silicon dioxide.
20

In a fifth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:

a first wafer substrate with a front side and an opposing back side, a chamber
25  partially defined by a flexible membrane formed on the-front side and at least one hole

etched from the back side to the chamber; = = o« #8% £ ‘
a second wafer on the back side of the first wafer to seal the at least one hole;

wherein,
the chamber contains a fluid at a reference pressure, such that the flexible
30  membrane deflects due to pressure differentials between the reference pressure and the
fluid pressure; and,
associated circuitry for converting the deflection of the flexible membrane into an
output signal indicative of the fluid pressure; wherein,
' the second wafer is wafer bonded fo the first wafer substrate.



WD 2006/ 042357 22 PCT/ AU2004/ 001419 Preferably the wafer bonding is direct
waf er bondi ng whereby the contacting surfaces of the first and second
wafers are ultra clean, and activated by maki ng them hydrophilic or

hydr ophobi rior bondi ng, and then brought into cqﬂgﬁﬁg Lgh

t enper at ur 9%‘”3?%#£rab|y, the contactingy surfaces are rodg Popggether at
a tenperature greater than 700C. Preferably, the wafer bonding is anodic
bondi ng of fers whereby the contacting surfaces of 10 the first and second
waf ers have a |l arge voltage applied across them Preferably the wafer
bonding is internediate | ayer bonding whereby a |layer of low nelting point

material is P?&%}Lﬂlﬁﬂl@t&f&'ﬁﬁnﬁﬁg R Actafaférvondionivhatiynde sontdctiogsurbiceg ¢fe fir st
and second wafer

S so that heat and pressure forns the,wafe 15
Preferably thedirstand sesbrd vigferssrilcasleen ?%4Sa‘it‘§at§‘ﬁ;¥ rgking ep haIéII og'?ﬁftéio{ ani um
nitride. Prefer : b ed tiicd®rddgBiihil contetibhigh eengpechtarhe associ at ed
circuitry a‘rﬁg P@iﬁ%&)rfgg%bg g]iﬂ% con wafer substrate using |ithographically
masked eschi ng and deposition techniques. 20 Preferably the nenbrane is
| ess than 0.1 gr Pr ef INee BHHESS WeBihSiof 8 Mmpefarad apapdiliian sense the
air pressur@“ﬁ%Fﬁgﬁh%aﬁﬁgﬁﬁ |cctir%. 5 gfeferably the sensor is a
capaci t ati vgosdensor having: a conductive | ayer deposited in the chanber to
forma first capacitor electrode; and, the flexible nmenbrane is conductive
in order to forma second capacitor electrode; such that, deflectiop of
the flexi bl grspemblyanewalabgeing b encelidmoding niers wiicrehy fhgeconaeting suifeqgs ©
circuitry 30 converts to fhe output si . LARly the pressure sensor
further 18onpthe igkang s WF%@VWE%%eS‘%ggﬁp%gdn&?ﬁe conductive | ayer and

t he substrat e.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
point material is applied to one or both of the contacting surfaces of the first and second

wafers so that heat and pressure forms the wafer bond.

15
Preferably the low melting point material is silicon nitride or titanium nitride.
Preferably, the chamber, the flexible membrane and the associated circuitry are formed on
a silicon wafer substrate using lithographically masked etching and deposition techniques.
20

Preferably the membrane is less than 0.1 grams.

Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.

) 25  Preferably the sensoris a capacitative sensor having: | g
o a conductive layer deposited in the chamber to form a first capacitor electrode; and,
the flexible membrane is conductive in order to form a second capacitor electrode;

such that,
deflection of the flexible membrane changes the capacitance which the associated circuitry

30  converts to the output signal.

Preferably the pressure sensor further comprises a CMOS layer disposed between the

conductive layer and the substrate.



WO 2006/ 042357 23 PCT/ AU2004/ 001419 Preferably the pressure sensor further
conprises a passivation layer at least partially deposited over the
conductive layer. 5 Preferably, the nenbrane is approximately 0.5mthi ck.
Preferably ctive layer is less than 50 micro , nbr ane
inits unﬂ%ﬂﬁ%@gggystate. 10 Preferabl g3the nenbranenﬁgééﬁg%ﬁﬁg?gﬁﬁth a
di aneter less than 500 mcrons. Preferably the nenbrane dianeter is |ess
than 300 microns. Preferably the nmenbrane dianmeter is 100 microns. 15
Preferably the sensor is powered by radio waves transmtted froma renote
source. Preferably the flexible nmenbrane is a |am nate having at | east two
| layers wher gl h. 2 @%ﬁ&sme%&fﬁl&mc&msapssmﬁdndwat;iaastpmial;y f or med
from conductive r’r%te ral. 20 Preferably the layers within the amnate are
to be for mederositen avivethe eqrdustivieddvebf different netal ceranics. Preferably
the metal ceramcs are netal nitrides or mxed netal nitrides. 25
Preferably, the netal ceramcs are titaniumnitride, titanium alum nium
nitride, 5t amtedbrasty, thé mmbraneistpprasimataly ALY -uni ni um silicon nitride,
tantalumalum niumsilicon nitride. Preferably one or nore of the |ayers
of the lamnate is netal. 30 Preferably the netal is titanium tantalum or
vanadi um \Br2006k @k23hdicave REE/isNea0B4 H0nitts flomethe wewmh@pe dsfect there is
provi ded a pressure sensor further conprising a second chanber wth a
second nenbﬂﬁﬁ@?dF&§m§econd chanber being sealed fromthe fluid pressure
and the second nenbrane deflecting froma predeterm ned pressure

difference in the second . . . ]
10 Preferably the membrane is circular with a diameter less than 500 microns.

Preferably the membrane diameter is less than 300 microns.

Preferably the membrane diameter is 100 microns.

15
Preferably the sensor is powered by radio waves transmitted from a remote source.
Preferably the flexible membrane is a laminate having at least two layers wherein at least
one of the layers is at least partially formed from conductive material.

20 _
Preferably the layers within the laminate are to be formed from the deposition of different
metal ceramics.
Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

25 - R LT

Preferably, the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

silicon nitride, titanium aluminium silicon nitride, tantalum aluminium silicon nitride.

Preferably one or more of the layers of the laminate is metal.

30

‘Preferably the metal is fitanium, tantalum or vanadium.



chanber; wherein, 5 the associated circuitry converts the deflection of the
second nenbrane into an adjustnent of the output signal to conpensate for
the tenperature of the sensor. Preferably the sensor is a capacitative
sensor, with ctive layer deposited in each of i d second
chanbers aW8z?%@9%qgfst and second fl exi p4e nenbranes aéég?%‘%p\%ﬁ%%‘?é\)e; 10
such that, the conductive layer in the first chanber and the first flexible
menbrane form capacitor el ectrodes and the deflection of the first

f1exi bl e menbrane changes the capacitance whi.ch th [ Cidisi try

converts tolit fhﬁlftbﬁitaﬁEﬁcgg'P’ﬁ’H%PrP“%%‘P@P@TSEFGaFSPVr ﬁﬁgi e%rr(éO mﬁg%i Sgéogg “Ieast

partially f%tﬁ%@ecfo‘h@ MethbiBk ahe S@bRIGamBRRirgakaled Powfier b pressues adiitRict i ve

ceramic is a nmetal nitride. Preferablytheggrsnbra{}jeisti.t ni gitride,
1ff

t ant al um ni seconkmewhraaelileflecting from a predoigrmpped FFSHIS A YA FEhDr ane | s be

f or med fromﬁglﬁ%%g@;ﬂ nitrides. Preferably the m xed netal nitrides are
titani um si Frcon’nitride vanadi um.sj | icon

, tantalumsilicon nitrtjtge, o
nitride,stitani ufielassoriniedmicaiitry exprerts the deflection ofthgtesendSRMSHPRA i 1 i con
25 nitride. Preferahl : hSidBPmR tdhrature B b eedbl. y t he

3‘5813 Vi ta({t%é%d. ou&g]gmgr ei er aﬁlehssclt P

menbrane is y the flexible corrugated nenbrane has
a corrugation factor of 8. Preferably, the sensor has a |inear response up

to about 1MPa. 006/ 042357 rve Bvef Rpbaddkd in dabigof

menbr ane c?ﬁf‘#‘@r\éﬁ?’ sse?Fg{/gaam%%crﬁ?tg‘g%éuég@é{eag%%é‘%%ﬁvgfgns Do 15 mcrons. 5
Preferably thefibmasenad dentbetssind tHeifistiand s¢oondi flexibls membrroey g FORPRETGhs are
annular. Preferably the corrugati ons have a substantially square-shaped
cross- sd@t i 6Ad thEr of i | e.

the conductive layer in the first chamber and the first flexible membrane form
capacitor electrodes and the deflection of the first flexible membrane changes the

capacitance which the associated circuitry converts o the output signal.

15  Preferably the membrane is at least partially formed from a metal ceramic material.

Preferably the conductive ceramic is a metal nitride.

Preferably the membrane is fitanium nitride, tantalum nitride, vanadium nitride.

20
Preferably the membrane is be formed from mixed metal nitrides.
Preferably the mixed metal nitrides are titanium silicon nitride, tantalum silicon nitride,
vanadium silicon nitride, fitanium aluminium silicon nitride, or tantatum aluminium silicon
25  nitride. s
Preferably, the membrane is non-planar.
Preferably the membrane is corrugated.
30

Preferably the flexible corrugated membrane has a corrugation factor of 8.

Preferably, the sensor has a linear response up to about 1MPa.



Preferably the pressure sensor further conprises an apertured guard over
the nmenbrane 10 formed using |ithographically masked etching and deposition
techniques. Preferably, the guard is a | am nate having at |east two

| ayers. Preferabl he layers are different materials. brbarabl y the
di fferent W?%@Rﬁgg} are silicon nitridesand silicon diPC():XI é. 420 In a sixth

aspect the present invention provides a pressure sensor for sensing a fluid
pressure, the pressure sensor conprising: a chanber partially defined by a
fl exi bl e nenbrane, the chanber containing a fluid at a reference pressure,
such that the flexible nenbrane deflects due to pressure differentials

bet ween t he, r ef Qs sitofuaidnd e bipetich ¢fbessen 6 miemuk andd Sassoci at ed
circuitry ?ng%f:%%g%ﬁ?ng theode | ection of the flexible nenbrane into an

out put si gnaleromsdi cative of the fluid pressure; wherein; the nenbrane is
non-planar. Preferably the nmenbrane is corrugated. 30 Preferably, the
menbrane corrugations have a period of between 5 mcrons and 15 mcrons.
Pr ef er abé y, prcheabieii nembrans isswbsaatially gireujar apd the cgruegigny e ‘ugations are
annul ar. 35 WD 2006/ 042357 26 PCT/ AU2004/ 001419 Preferably the
corrugati ons have a substantially square-shaped cross-sectional .profile.
Preferably pherieasotugenssravé msubhmtiatlamﬂmar@-élsap%aaﬁeﬁefwwf rd over
the nenbrane forned using lithographically masked etching and deposition

techniques. 5 Preferably, the nber i FEmaiskatde
associ at ed Bfef%%leWPé?Sé“? SPRELSHT C%m%é%glg%%%ﬁ\}j\%? gr%uz'{sfggg{r rate using

i t hogr aghi gaklky wiRsk@OeapaRilpenaskd etibingsing deppsition tshejgess.
Preferably, the guard is a Jaminate having at least two layers.

Preferably the layers are different materials.

15
Preferably the different materials are silicon nitride and silicon dioxide.

20 In asixth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:
a chamber partially defined by a flexible membrane, the chamber containing a

fluid at a reference pressure, such that the flexible membrane deflects due to pressure

differentials between the reference pressure and the fluid pressure; and,

25 associated circuitey for converting the deflection of the flexible membrane into an

output signal indicative of the fluid pressure; wherem, .

the membrane is non-planar.

Preferably the membrane is corrugated.

30
Preferably, the membrane corrugations have a period of between 5 microns and 15

Microns.

Preferably, the membrane is substantially circular and the corrugations are annular.

35



Preferably the menbrane is less than 0.1 grans. 10 Preferably the pressure
sensor is adapted to sense the air pressure within a pneumatic tire.
Preferably the sensor is a capacitative sensor having: a conductive |ayer

deposi ted nber to forma first capacitor el egdmoe@ovdnds 15 the
flexible ng{éoziog‘ﬁoé‘%gz conductive in order6to forma second capacitor

el ectrode; such that, deflection of the flexible nenbrane changes the
capaci tance which the associated circuitry converts to the output signal.

20 Preferably the pressure sensor furt comr i 5(%\4%%,_ daP¥Bkiledi Sposed
bet ween t he Prﬁ@ﬁ@ﬁé‘!ﬁﬁ?@ﬂ%@?ﬂ%’ﬁ&SF‘?‘?&'ngﬁb’ssthat (ash&ggg?’gr abl'y the |§r essure
sensor further conprises a passivation |layer at |least partially deposited
over the conductive |ayer. 25 Preferabl REQxiHBt el y

, the rane |
0. 5m t hi ck. Preferfably alis Bressye sens ?I\Fo@mpéiféﬁnf‘%%nés&sg%?%é)lﬁ%%gm crons from
the menbrang in gl LS 1t S skt Rt hingdhdRiepbsiticalibohnighes. menbr ane i s
circul ar w&ﬂn%dg%%ﬁél@%%%ess yﬁﬁaan 500 n%g%rons. Preferably the nenbrane
di ameter sis |l ess than 300 m crons. WO 2006/ 042357 27 PCT/ AU2004/ 001419
Preferably the. menb | ATES Bt mbABrahit S40RS assRrAbEcianity ddformehsor s
power ed by rﬂiﬁe%ﬁah@ggﬁﬁﬂﬂggs@nétt%é %nr om a renote s_ouqrng . . Pre erfallebl y the
f1exibl e mendyileos wiaer auistrate nsing lithagtaphjcadlyy masked ctehjRg 3‘8?%‘“ &BEAYSt 7 | east
one of the layers is at least partially forned from conductive nmaterial .
Preferably the layers within the lam nate are be formed fromthe deposition
of di ffer entpreferably the membrane is less than 0.1 grams.

10
Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.
Preferably the sensor is a capacitative sensor having:
a conductive layer deposited in the chamber to form a first capacitor electrode; and,
15 the flexible membrane is conductive in order to form a second capacitor electrode;

such that, |
deflection of the flexible membrane changes the capacitance which the associated circuitry

converts to the output signal.

20  Preferably the pressure sensor further comprises a CMOS layer disposed between the

conductive layer and the subsirate.

Preferably the pressure sensor further comprises a passivation layer at least pattially

deposited over the conductive layer. -

25 o
Preferably, the membrane is approximately 0.5pm thick.
Preferably the conductive layer is less than 50 microns from the membrane in its
undeflected state.

30

Preferably the membrane is circular with a diameter less than 500 microns.

Preferably the membrane diameter is less than 300 microns.



10 netal ceramics. Preferably the netal ceramics are netal nitrides or

m xed netal nitrides. Preferably, the nmetal ceramics are titaniumnitride,
titaniumalum niumnitride, tantalum 15 silicon nitride, titanium
alumniumgsilicon nitride, tantal um al um nium silicon gkl ef erably
one or nor¥l31PP42 ayers of the lanina7e is netal . PF@?%?% I?O?%i netal is
titanium tantalumor vanadium 20 In a further aspect there is provided a
pressure sensor further conprising a second chanber wth a second

menbr ane, the second chanber being sealed fromthe fluid pressure and the
second nmenbrane deflecting froma predeterm ned pressure difference in the
second ch ; j i - A990&i@b®d circuitry converts the

defl ecti ona%g%gﬁgyﬂsqg{gg%gmnnéﬁ%%gﬁe into an adjustment of the output signal
to conpensate for the tenperature of the sensor. Preferably the sensor is a
capacitative sen ' Jaie WIeYL aViBinsE R Siobedreinotessauite.of  t he
first and s@ggeﬁaﬁy%%?ﬁ\%&rrgs r?gé?t he f%il}sgéalvand second fl exi ble nmenbranes are
conductiye; 30 such that, the conductive layer in the first chanber and
the fast flexibl r.ane faorm.. ol € lch 95 1a9ad viherirdefidasict i on of
the first fFe® %tgeﬁg%ﬂsl r%eﬂ%%éﬂﬁéggﬁtﬁ#e&&&%ggia% tance y\agi ch the associ ated
circuitry cemvgthelagens i beleatbutisllysiogned fronyeyngodiyeandesisr 28

PCT/ AU2004/ 001419 Preferably the nmenbrane is at |east partially forned
froma nmetal ceramic material. Preferably the conductive cerg ic is a
metal nitrigageriiPheiSeatvihil the lagindte aede famed fom thedepopifipryel ARt ym
nitride, vanadiumnitride. Preferably the nmenbrane is be formed from m xed
met al nil@ri detal cergnify-ef erably the mixed netal nitrides are titaniumsilicon
nitride, tantalumsilicon nitride, vanadiumsilicon nitride, titanium

alumniumsilicon nitride, or tantalum.al um niu 4.
Preferably the metal ceramics are metal nitrides or ket hatht Aife{dks.

Preferably, the metal ceramics are fitanium nitride, titanium aluminium nitride, tantalum

15 silicon nitride, titanium aluminium silicon nitride, tantalum aluminium silicon nitride.
Preferably one or more of the layers of the laminate is metal.

Preferably the metal is titanium, tantalum or vanadium.

N In a further aspect there is provided a pressure sensor further comprising a second chamber
with 2 second membrane, the second chamber being sealed from the fluid pressure and the
sccond membrane deflecting from a predetermined pressure difference in the second
chamber; wherein,

25 " the associated circuitry converts the deflection of the second membrane info an

adjustment of the output signal to compensate for the temperature of the sensor.

Preferably .the sensor is a capacitative sensor, with a copductive layer deposited in each of

the first and second chambers and the first and second flexible membranes are conductive;

30  such that,
the conductive layer in the first chamber and the first flexible membrane form

capacitor electrodes and the deflection of the first flexible membrane changes the

capacitance which the associated circuitry converts to the output signal.



nitride. Preferably the wafer is a first wafer substrate with a front side
and an opposi ng back side, a 15 recess etched into the front side and at
| east one hole etched fromthe back side to the recess; and the sensor

further copprising. a second wafer on the back side ofpthgnhdsfestsgafer to
seal the é&BFQE@Fgﬁhe hol e; wherein, the second is mé?e{ zoﬁged to the

waf er substrate. 20 Preferably, the nenbrane is non-planar. Preferably the
waf er bonding is direct wafer bondi ng whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by nmaking them
hydrophilic or 25 hydrophobic prior to bonding, and then brought into
contact at high tenperature. Preferablérthe fl exible, corru Eed menbr ane

a

has a cor r ufatferarly fregnasbrasfe igat legst parggliypyed fom %E‘ﬁ%‘?ﬂﬂ%@%ﬁ Fthear
response up to about 1MPa. 30 Preferably, the contacting surfaces are
brought together at a tenperature greater than 700C. WO 2006/ 042357 29
PCT/ AU2004/ @odidrably teroohidurctiid geramhie isehele! 1iid@i ng i s anodi ¢ bonding offers
whereby the contacting surfaces of the first and second wafers have a

| ar ge voptage applied across them 5 Preferably the wafer bonding is

i nt er nedi at eréfaysly thanditranad Gtaelyn ritridsytentalom rigide. PR HY LIRS nt  nat erj al
is applied to one or both of the contacting surfaces of the first and
second wafers so that heat and pressure forns the wafer bond. Preferably
the | ow nel tp&reapgit mérblre ia be famsd fromomixed metalgdirides-t i t ani um nitride. 10
Preferably the guard is a lam nate having at |east two |ayers. Preferably
the layers are different material s.

10  Preferably the mixed metal nitrides are titanium silicon nitride, tantalum silicon nitride,
vanadium silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon

nitride.

Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a

15  recess etched into the front side and at least one hole etched from the back side to the

recess; and the sensor further comprising:

a second wafer on the back side of the first wafer to seal the at least one hole;

wherein,
the second is wafer bonded to the wafer substrate.

20

Preferably, the membrane is non-planar.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers aré ulira clean, and activated by making them hydrophilic or
25  hydrophobic prior to bonding, and then brought into contact at high temperature.

Preferably the flexible corrugated membrane has a corrugation factor of 8.

Preferably, the sensor has a linear response up to about 1MPa.

30
Preferably, the contacting surfaces are brought together at a temperature greater than

700°C.



15 Preferably the different materials are silicon nitride and silicon
di oxide. In a seventh aspect the present invention provides a pressure
sensor for sensing a fluid 20 pressure, the pressure sensor conprising:. a

chanber pagl.i fined by a flexible nmenbrane, the I4BofIRTOr ane at
partPafiieE e aRe

| east ormed from conductivezgmaterial, and the chanber
containing a fluid at a reference pressure, such that the flexible
menbrane deflects fromany pressure difference between the reference
pressure and the fluid pressure; 25 a conductive |ayer within the chanber
spaced fromthe flexible nenbrane; and, associated circuitry incorporating

the flexibl g BRI HRG 88 BoldiS & ARCHCEInd g AEY whesdbglthe ddntbting sutfaees of
conductive Tayer and the flexible nenbyane form Caﬁt@“ tor el ectrodes and

the defl ecthiedinstend sagend ek hpee alerasvalec ARG S HEBapaci t ance whi ch t he
associated 30 circuitry converts into an output signal indicative of the
fluid pressure; wherein, the conductive |ayer i.s arran eld su%&thalg

def | ecti®n Bfeftriidy theratabendingisinformediate léma%élﬁlwhfff% RENRSPPALR the
flurd from bat }gﬁg@@?ﬁ@ﬁ%%&%ﬁ LABe EQMRAURS Sitfrced YIRS firstid Beher abl y

t he pressuer§ er conprises a Passivatlon | ayer at | east
partially defiesiotied heatand pressusdincescthe weter bgnsk . WD 2006/ 042357 30
PCT/ AU2004/ 001419 Preferably the pressure sensor further conprises a CMOS

| ayer di sposed, bet n the. conducti. . : L fiqate. 5
Preferably PﬁgaﬁﬁﬁﬁﬁﬁﬁﬁnﬁgmﬁﬁﬁF%QF%ﬁggféﬁé.gn?@%?c . Preferably the
conductijge layer is less than 50 mcrons fromthe nenbrane in its

undefl ected state. 10 Preferabhl he pressure sor further conprises an
apert ur ed gﬁ&#ﬁmﬂvgpEPW@1%%%%?%%%&“?§$ﬁ§ﬁagg?ﬁ%gﬁithographicalIy masked
etching and deposition techniques. Preferably, the chanber, the flexible

menbrane and the associated circuitry are forned on
Preferably the layers are different matefials.

15  Preferably the different materials are silicon nitride and silicon dioxide.

In a seventh aspect the present invention provides a pressure sensor for sensing a fluid

20  pressure, the pressure sensor comprising:

a chamber partially defined by a flexible membrane, the flexible membrane at least
partially formed from conductive material, and the chamber containinga fluid ata
reference pressure, such that the flexible membrane deflects from any pressure difference

between the reference pressure and the fluid pressure;

25 a conductive layer within the chamber spaced from the flexible mgmbrane; and,
associated circuitry incorporating the flexible membrane and the conductive layer; such
that, - : Lo R :

the conductive layer and the flexible membrane form capacitor t?lectrodes and_ the
deflection of the flexible membrane changes the capacitance which the.assomated
30 circuitry converts into an output signal indicative of the fluid pressure; wherein,

the conductive layer is arranged such that deflection of the membrane towards the

conductive layer can displace the fluid from between the membrane and the conductive

layer.

35 Preferably the pressure sensor further comprisés a passivation layer at least partially

deposited over the conductive layer.



a silicon wafer substrate using |ithographically masked etching and
deposition techniques. 15 Preferably the nenbrane is less than 0.1 grans.
Preferably the pressure sensor is adapted to sense the air pressure within
a pneumatic tire. O Preferably the nmenbrane is non-gangs rably the
menbr ane i@oégqﬁg)ﬁzﬁgtzed. Preferably, the3oenbrane corrtjnigatll g?\%‘%?\g‘% a period
of between 5 mcrons and 15 25 mcrons. Preferably, the nenbrane is
substantially circular and the corrugations are annular. Preferably the
corrugati ons have a substantially square-shaped cross-sectional profile.

30 Preferably the flexible corrugated nmenbrane has a corrugation factor of

8. Prefera baSorduithed Samprises D ONVEGS lapertdispaded bbtwibPthe WO
2006/ 042357%%“&%%%%2%8%7001%19 Pr ef%rabl y the sensor is powered by a

| ong-1i f e babnducive lpyeopud thpFypsidie sensor is powered by radi o waves
transmtted froma renote source. 5 Preferably the flexible nenbrane is a
| am nate having at |east two |ayers wherein at |least one of the layers is
at | east 5spaPtdfakbly teanemistarderio appreniniatelyi O 2mB¥& i al . Preferably the |ayers
within the lam nate are be formed fromthe deposition of different 10
nmetal ceramics. Preferably the nmetal ceramics are netal nitrides or m xed
metal nitri gegerahlyeioalicive lahe inetstharcH) miviars famehe mpabfapedniist ri de,
titaniumalumniumnitride, tantalum 15 silicon nitride, titanium

al uni ni um supdelsated S8 de, tantalumaluniniumsilicon nitride. Preferably
one or nore of the layers of the lamnate is netal. Preferably the netal is
thtan unllo t ?’rr]éfgl.!agl?ﬂgerprgs%&%%gn%m' ﬁ.ll‘tﬁgl’ comprises an apertured guard over the membrane

formed using lithographically masked etching and deposition techniques.

Preferably, the chamber, the flexible membrane and the associated circuitry are formed on

a silicon wafer substrate using lithographically masked etching and deposition techniques.
15

Preferably the membrane is less than 0.1 grams.

Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.

20  Preferably the membrane is non-planar.

Preferably the membrane is corrugated.

Preferably, the membrane corrugations have a period of between 5 miqr_(_ms_ ;and 15

25  microns.

Preferably, the membrane is substantially circular and the corrugations are annular.
Preferably the corrugations have a substantially square-shaped cross-sectional profile.
30

Preferably the flexible corrugated membrane has a corrugation factor of 8.

Preferably the sensor has a linear response up to about 1MPa.



Preferably the pressure sensor further conprises a second chanber with a
second nenbrane, the second chanber being sealed fromthe fluid pressure
and the second nenbrane deflecting froma predeterm ned pressure

di fference_i cond chanber; wherein, 25 the as i igeuitry
converts fﬁ@qﬁ%ﬁﬁgﬁ ion of the second ngtbrane into a?gﬁhé&ﬁgﬁ?tgfnent of
the output signal to conpensate for the tenperature of the sensor.
Preferably the sensor is a capacitative sensor, with a conductive |ayer
deposited in each of the first and second chanbers and the first and
second fl exi bl e menbranes are conductive; 30 such that, the conductive

| ayer in th i ﬂ?fh& Iﬁ‘f%f afllbgeStifefba®eciy bl e menbrane form capacitor
el ectrodes %ﬁ%{aﬁg ef F%g"{isl on oe:‘d he fgisrst t??izxi bl e menbrane changes the
capaci tance which the associated circuitry converts to the output signal
VIO 2006/ 042350 32, PETI AL A0 9ol &VialbieD RomITbbemsoie. at | east
partially f FHed From a metal ceramc material . Preferably the conductive
ceramic i5s a netal nitride. 5 Preferably the nmenbrane is titaniumnitride,
tantal um nitride,. vanadi,um ni tri.de. ¥ raWRerki® abradtor med
from m xed rPré?ngabWitﬁ‘?ﬁﬁ‘é]%?mfﬁl%%Pg%earla ‘”3{"‘?{?23%?&%5&%@1 nitrides are
titani um si ldneontheildyeisdeat leanpaatialinfeinied dipm erngugtiye mategiahadi um si | i con
nitride, titaniumalum niumsilicon nitride, or tantalum alum niumsilicon
nitride. Preferably the conductive layer is apertured to allow the fluid to
f1ow from betueaslthelayds wiiithekmimnchre hefoedifonithedepegjiéon of dif¥r &t abl y t he
wafer is a first wafer substrate with a front side and an opposi ng back
side, a 10 ecad3l RS into the front side and at |east one hol e etched
fromthe back side to the recess; and the sensor further conprising: 20 a

second wafer on the back side of the fjrst wafer h | n
hol e: Preferably the metal ceramics are metal n{tn es or mixed rrtle?al%ﬁlqjies.t e at least one

Preferably, the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

15  silicon nitride, titanium aluminium silicon nitride, tantalum aluminium silicon nitride.
Preferably one or more of the layers of the laminate is metal.

Preferably the metal is titanitm, tantalum or vanadium.

20
Preferably the pressure sensor further comprises a second chamber with a second

membrane, the second chamber being sealed from the fluid pressure and the second
membrane deflecting from a predetermined pressure difference in the second chamber;
. /wherein, =
25 the associated circuitry converts the deflection of the second membrane into an .

adjustment of the output signal to compensate for the temperature of the sensor.

Preferably the sensor is a capacitative sensor, with a conductive layer deposited in each of
the first and second chambers and the first and second flexible membranes are conductive,
30  such that, '
the conductive layer in the first chamber and the first flexible membrane form
capacitor electrodes and the deflection of the first flexible membrane changes the

capacitance which the associated circuitry converts to the output signal.



wherein, the second wafer is wafer bonded to the first wafer substrate.
Preferably the wafer bonding is direct wafer bonding whereby the contacting
surfaces of 25 the first and second wafers are ultra clean, and activated
by meking them hydrophilic or hydrophobic prior to b i , hen

br ought iﬂWBZ@%W%?éf at high tenperaturgz Preferably t gn%g%?gg?%ng
surfaces are brought together at a tenperature greater than 700C 30
Preferably, the wafer bonding is anodic bonding of fers whereby the
contacting surfaces of the first and second wafers have a | arge vol tage
applied across them WO 2006/ 042357 PCT/ AU2004/ 001419 33 Preferably the

waf er bonding is internediate | ayer bondi ng ereb | ayer of. low nelting
poi nt rmt er iPedferiilsly dpphémabtanegs aifeashpartialyogged; Eﬁﬁfagﬁ?inﬁlﬁ n?g?r*agc es of the
first and second wafers so that heat and pressure forns the wafer bond. 5
Preferably the low nelting point material is silicon nitride or titanium
nitride. Preffatblpklye dohduciverboramic i§ smepkitidgr with a di ameter |ess than 500
m crons. _ 10 Preferably the nmenbrane dianeter is |less than 300 m crons.
PreferabPy the nenbrane di ameter is 100 mcrons. Preferably the [ayers are
di fferent miptaeasly She thombland s tisiolun tiledentrlumantrident8rdgndEie silicon
nitride and silicon dioxide. 20 In an eighth aspect the present invention
provi des a pressure sensor for sensing a fluid pressure, the pressure

SeNsor COoNPIpistbraBly tRe GBABAAGE isbafirinad Fymdeikedmetabyitrides| exi bl e menbrane, the
flexible nenbrane’is a |amnate having at |east two | ayers wherein at
| east one of the layers is at |east partially

10  Preferably the mixed metal nitrides are titanium silicon nitride, tantalum silicon nitride,
vanadium silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon

nifride.

Preferably the conductive layer is apertured to allow the fluid to flow from between the

15 membrane and the conductive layer.

Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a

recess etched into the front side and at least one hole etched from the back side to the

recess; and the sensor further comprising:

20 a second wafer on the back side of the first wafer to seal the at least one hole;

wherein,
the second wafer is wafer bonded to the first wafer substrate.

-Preferably the wafer 5oﬁ6iﬁg is direct wafer bonding whereby the contacting surfaces of
25 the first and second wafers are ultra clean, and activated by making them hydrophilic or
hydrophobic prior to bonding, and then brought into contact at high temperature.

Preferably the contacting surfaces are brought together at a temperature greater than
700°C.

30
Preferably, the wafer bonding is anodic bonding offers whereby the contacting surfaces of

the first and second wafers have a large voltage applied across them.



formed from conductive material, and the chanber containing a fluid at a
reference 25 pressure, such that the flexible nmenbrane deflects from any
pressure difference between the reference pressure and the fluid pressure;
and, assocjated c uitry for converting deflection of Job m;e

rrenbr ane i WO % %J’ﬁfput signal indicatigge of the flui dé%?%sgsﬁ&e

Preferably the layers within the |am nate are be fornmed fromthe deposi tion
of different netal ceramcs. Preferably the netal ceramcs are netal
nitrides or mxed netal nitrides. WO 2006/ 042357 34 PCT/ AU2004/ 001419

Pr ef er abl y the netal ceramcs are titaniumnitride, titanium al um nium

ni tride, 5 Inohid Sfermddide@ Byt BonkiFinhkieBY 8 ldybicsilowtinkttinge,

tant al um aI [};ﬁ?agﬁf Enl% ++t€é§6rllmﬁlnf% % Pref Igr ably one or tgl)re of the. . ayers
of the | ani nwim ragrinkt applicd twrwrcwﬂaalbwﬁﬂlewgntﬂ%tﬂﬁls“if%cef Pk desgetnd| um or
vanadi um Prefer g Rk e menbrane and the associ at ed
circuitry ar"éaf‘FréF‘?ré%fh(?ﬁtangpresmigggdﬁmgB%e‘{é substrate using |ithographically
masked etsching and deposition techniques. 10 Preferably the nenbrane is

| ess than 0.1 me, Preferably th es dsuRd@ideed to sense the
air pr essur@ﬁigefagyﬁh"aloﬂﬁﬁg} %"W"ﬁ% Isfaﬁﬁ’ge?‘gra Iy the nmenbrane is

non-pl anar. Preferably the nenbrane is corrugat ed. Preferably t he nmenbrane
corrugati ons have a_ peri gd of betwee fls.m crons

Preferably, Rratrayliips membiage §afsyian Jaﬁ ﬁ:sz}mgge cu tgé}ldsa e escorrugatl ons are

annular. Preferably the corrugations have a substantially square-shaped

Cross- sefy | oflak. fléln%mbraﬁédﬁfr@iee{sa&mahheoﬁh@mbl e corrugated nenbrane
has a corrugation factor of

Preferably the membrane diameter is 100 microns.

Preferably the layers are different materials.

15 ‘g - 4
Preferably the different materials are silicon nitride and silicon dioxide.

20 Tn an eighth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:

a chamber partially defined by a flexible membrane, the flexible membrane is a
Taminate having at least two layers wherein at least one of the layers is af least partially
formed from conductive material, and the chamber containing a fluid at a reference
25  pressure, such that the flexible membrane deflects from any pressure difference between

the reference pressure and the fluid pressure; : and
associated circuitry for convertmg deflection of the flexible membrane into an output

signal indicative of the fluid pressure.

30  Preferably the layers within the laminate are be formed from the deposition of different

metal ceramics. .

Preferably the metal ceramics are metal nitrides or mixed metal nitrides.



Preferably the sensor has a |inear response up to about 1 MPa. 30
Preferably the sensor is powered by a long-life battery. Preferably the
sensor is powered by radio waves transnmitted froma renote source. WO

2006/ 04235 P U2004/ 001419 Preferably the sensof.¢SuReGRpasi tative
sensor hav&ﬁé&@@%%#huctive | ayer deposgéed in the chaé%er to forma first

capacitor electrode; and, the flexible nenbrane is conductive in order to
forma second capacitor electrode; such that, 5 deflection of the flexible

menbr ane changes the capacitance which th sociated. circuitl nverts
to the out pHrelesptiythiemefh spramics ﬂ{?{@”&!&ﬂ&&{}&% 3@%@@%@%@#@% Yag%gh t hat

defl ection igﬂiicéimtrf&@fﬂ%&ﬁﬁﬁ AR AR ninsd) Guehiny slulinien sitieon ditilel ace t he
fluid from between the menbrane and the conductive layer. 10 In a further

aspect there is provided a pressure sensor further conprising a passivation

| ayer at |e%&gﬁggigéﬁgg%wggpggh&gg09&@qmymgeggﬂ&wgtive | ayer. In anot her

aspect there' 1S a pressure sensor further conprising a CMOS | ayer
15 di spoSed between the conductive |ayer and the substrate. Preferably the

menbrane is_a r@ﬁgh@g@g&xs Mt bl SEah&fi@k! y the conductive layer is

| ess than 56 romthe nmenbrane inits 20 undeflected state. In a
further aspect there is provided a pressure sensor further conprising an

apertured uar d .over .th [ JdhansiRpitGRd foymépsked
et chi ng andgﬁ%ﬁﬁ 7t %ﬂ‘mﬁg{;ﬁ}%%@%&%. : n%%f%sh_er aspect there is
provi ded a RLRRESMWElcSabSEite fising ithogreghigally siaskpdstobingmnd deppsition technifesy: o
second r{%nbrane, t he second chanber being sealed fromthe fluid pressure
and the

Preferably the membrane is less than 0.1 grams.

Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.
15  Preferably the membrane is non-planar.

Preferably the membrane is corrugated.

Preferably, the membrane corrugations have a period of between 5 microns and 15

20  microns.

Preferably, the membrane is substantially circular and the corrugations are annular.

Preferably the corrugations have a substantially square-shaped cross-sectional profile.
25 T
Preferably the flexible corrugated membrane has a corrugation factor of 8.
Preferably the sensor has a linear response up to about 1MPa.

30  Preferably the sensor is powered by a long-life battery.

Preferably the sensor is powered by radio waves transmitted from a remote source.



second nmenbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, 30 the associated circuitry converts the
defl ection of the second nenbrane into an adjustnment of the output signal

to conpensﬁggT%%%mgge tenperature of the sensor. WO 2008/ 083761436

PCT/ AU2004 referably the sensonsis a capacitative sensor, wth a
conductive | ayer deposited in each of the first and second chanbers and
the first and second flexible menbranes are conductive; such that, the
conductive layer in the first chamber and the first flexible menbrane form

5 capaci t or Pedfergbly Sitsensenis 2RRACHETICSERCHIAV t he first flexible menbrane

changes the  capgelifne il 6hobilA iRERASABRE Rime it bypacimepsctradd and,he
out put signal. Preferablyt

e nenbrane is at |east gart' al flfﬁYt fqr nt’re(a froma
metal ceram c matterfleaible merabrmeds egndlBtivein ardetiqdordt § FEOMFRITTET FEC Y et al
nitride. Pref%Q§QIy the menbrane is titaniumnitride, tantalumnitride,
vanadi um ni tPFHE%" ~ pr ef er abl y the nmenbrane is be fornmed from m xed t al
nitridess 15 Prefieftatibnoftheflaibiethembraab chrnges the eapasienes Yhifh Bfr&oPeEs,

nitride, tantalumsilicon nitri ) iumsilicon nitride, titanium
al umi ni um siFFEEHK SAIERS ﬁgt’e%uﬁpl%tg%%lr%m al unminiumsilicon nitride. 20
Preferably the ceapddadicies lapey dsarrangabsach thebdefieetionlof iy membranefpragddthe) ow

from between the . nbr an nd .t he . ' dike waf er
is a first FAPSICHYTHEECa @Sﬁﬁeﬁheaﬁ‘f‘g%ﬁgl%ge}‘b eeﬁéﬂh %}b‘%ﬁﬁgﬁi&%ﬁk side, a

recess etchqgidnto the front side and at |east one hole etched fromthe
back side to the 25 recess; and the sensor further conprising: asecond
waf er ont% he back side of the first wafer to seal the at |east one hol e;

wher ei n, t hg, S8R0 adRbiSlerd § privicee alpaneed sémsort farhd icorsprisieg epassivifion: at e.
layer at least partially deposited over the conductive layer.

In another aspect there is provided a pressure sensor further comprising a CMOS layer

15  disposed between the conductive layer and the substrate.

Preferably the membrane is approximately 0.5um thick.

Preferably the conductive layer is less than 50 microns from the membrane in its

20 undeflected state.

In a further aspect there is provided a pressure sensor further comprising an apertured
guard over the membrane formed using lithographically masked etching and deposition
- techniques. =
25,
| Iﬁ-a further aspect there is provided & pressure sensor further comprising a second chamber
with a second membrane, the second chamber being sealed from the fluid pressure and the
second membrane deflecting from a predetermined pressure difference in the second
chamber; wherein,
30 the associated circitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.



30 Preferably the wafer bonding is direct wafer bondi ng whereby the
contacting surfaces of the first and second wafers are ultra clean, and
activated by maki ng them hydrophilic or hydrophobic prior to bonding, and

t hen brouq?é %ﬁ@gﬁgpntact at high tenmperature. WO 2006/Q4dB54/001419
PCT/ AU20047 88 37 Preferably the comg acting surfaces are brought

together at a tenperature greater than 700C. 5 Preferably, the wafer
bondi ng i s anodi ¢ bondi ng of fers whereby the contacting surfaces of the

first and second wafers have a | arge voltage appl i LQSS; £
Preferably Preferabdy te sopi AGaRASIALYE é‘?nﬁ%rd}”ggg OPIS@‘@{P?%%%% Fﬁ’3’§‘t grﬁ g’i‘f}‘ %A layer

of |ow nel tjng  noi ol MRkamHbak aEthe Bk heTkebenddiribis merobhnasfarg dppdedine:act i ng
surfaces of ]:Ehe I'rst ané1 second 10 wafers so that heat and pressure fornmns
t he waf er beuwdlth#®referably the low nelting point material is silicon

nitride or titanhumnjLE] FEEER! alhbet 1@ tREfisl fuxéblé membragefoam with a
di aneter |ess th%‘ﬁcgr@'bl&#egégﬁg 15 Preferably the Egnbrane jameter is

less thap 3@patiarielsodes Badihe deflsigon ofdhabiemle BeRRBPR A0 i crons. 20
Preferably the | ayers. are differ : I +thEnehesabily the different
AR AP cakA) S usbacgh

mat eri al s af#P3&) € an con dioxide.” 25 In a ninth aspect
the present invention provides a pressure sensor for sensing a fluid
pressure, the pressure sensor conprising: a wafer substrate wifth a recess;
a flexible mﬁgaﬁa?gxﬁﬁ&ﬂﬁhﬁgswhewwﬂﬂéﬁbdbumd@hﬁm@ﬂﬁméﬁﬁﬁﬁﬁP1 aining a
fluid at a 30 reference pressure, such that the flexible nmenbrane deflects
due to pressure differentials between the reference pressure and the fluid

Pressur gy apsgeleil sk ohdsivé txtarhiolis cmenknitrideg t he deflection of the
fl exi bl e menbrane”into an

Preferably the membrane is titaninm nitride, tantalum nitride, vanadium nitride.

Preferably the membrane is be formed from mixed metal nitrides.

15
Preferably the mixed metal nitrides are titaniumm silicon nitride, tantalum silicon nitride,

vanadium silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon

nitride.

20  Preferably the conductive layer is apertured to allow the fluid to flow from between the

membrane and the conductive layer.

Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a

recess etched intd -tﬁe-ﬁ'ont side and at least one hole etched from the back side to the

25  recess; and the sensor further comprising:
asecond wafer on the back side of the first wafer to seal the at least one hole;

wherein,
the second wafer is wafer bonded to the first wafer substrate.

30  Preferably the wafer boﬁd‘mg is direct wafer bonding whereby the contacting surfaces of
| the first and second wafers are ultra clean, and activated by making them hydrophilic or
hydrophobic prior to bonding, and then brought into contact at high temperafure.



out put signal indicative of the fluid pressure; and, an apertured guard
over the nenbrane fornmed using |ithographically masked 35 etching and
deposition techniques. WD 2006/ 042357 38 PCT/ AU20041001419 Preferably the
flexible np@gbhadss @ | amnate having at |east two | ayergufoesivedsfromthe
deposition of different netal ceramics. I Preferably the netal ceramcs are
nmetal nitrides or mxed netal nitrides. Preferably the netal ceramcs are
titaniumnitride, titaniumalumniumnitride, tantalum silicon nitride,
titaniumalum niumsilicon nitride, or tantalum alum niumsilicon nitride.
10 Preferably one or nore of the |ayers of the lamnate is netal.

Preferably thgrmBlvahe édntdctih@Birfates atetitbaght fogethevanadhpemtuiegedter tahy, t he
chanber, the f|exi'ble menbrane and the associated circuitry are all forned

15 on a sili®8f-wafer substrate using |ithographically masked etching and
deposition techniques. Preferably the nenbrane is less than 0.1 granms. 20

Preferably the pressure sensor is adapted to_sense the air pressure within

a pneumntd c Rrefetsbly, heatadrrdpnding Henehitbnding quersn%l?,p_r?hyéﬁ%?qntaﬁ&lg %’F%Befsf\fl!t he

menbrane is tpgﬁfsyﬂ'@ts‘égond @a?erEhé‘Je%gﬁQé Yoltadeb SppHRABEBRGNGRS F Ugat i ons have a
et ween

period of b m crons and m crons.” Preferably, the nenbrane is
substantially circular and the corrugations are annular. 30 Preferably the

cor rugat | onsp haug As SDAL Bl Y HALRAE 1ARPRGHIR ARRLS AU cORbwiAiig ©

Preferably corru rafe has a corrugation factor of 8.
WO 2006/ 042 3@t attdpiaTisApplidas 00:et both obitlsf contabling surfaces o Bgiirs 48d secpithear

respons el 0u P \Erz(l)fer% gg H:;[at l:{'el\z{fgﬂd pressure forms the wafer bond.

Preferably the low melting point material is silicon nitride or titanium nitride.

Preferably the membrane is circular with a diameter less than 500 microns.

15 '
Preferably the membrane diameter is less than 300 microns.

Preferably the membrane diameter is 100 microns.
20  Preferably the layers are different materials.

Preferably the different materials are silicon nitride and silicon dioxide.

25 .
In a ninth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:
a wafer substrate with a recess;

a flexible membrane covering the recess to define a chamber containing a fluid ata
30  reference pressure, such that the flexible membrane deflects due to pressure differentials

between the reference pressure and the fluid pressure;
associated circuitry for converting the deflection of the flexible membrane into an
output signal indicative of the fluid pressure; and, _
an apertured guard over the membrane formed using lithographically masked
35  etching and deposition techniques.



Preferably the sensor is powered by a long-life battery. 5 Preferably the
sensor is powered by radio waves transmtted froma renote source.
Preferably the sensor is a capacitative sensor having: ~ a conductive |ayer
deposited [ n thephanber to forma first capacitor el egiyofBas@ide 10 the
flexi ble nmenbrane i's conductive in ordeB8to forma second capacitor

el ectrode; such that, deflection of the flexible nenbrane changes the
capaci tance which the associated circuitry converts to the output signal;
wherein, the conductive |ayer is arranged such that deflection of the
menbr ane towards the 15 conductive |ayer can displace the fluid from

bet ween t he paEOliNaRR MRS BEmB@ACH GliniRate haying at léast wvofluyetd formaidpae thet her e
is provided a pressure sensor_ further conprising a passivation |ayer at

| east part i depopitige pbdiffersat Betal cefadctonduct i ve | ayer. 20 Preferably the
pressure sensor further conprising a CMOS | ayer di sposed between the
conductive |layer and the substrate. Preferably the nby ane i s

appr oxi mét ePycferablyriemetd ceranieyass metglnilfideher TS ﬁ‘@i"r{;‘@c{eﬁyer is less than
50 microns fromthe nenbrane in its wundeflected state. Preferably the
apertured guard is a lamnate of different layers. 30 In_a further aspect
there i s pr@vifetebly shemesiseranicons tlanipgmitde, tham PRy iR nEdo AT nber

with a second menbrane. .fhe r§§ﬁ}&%€§fﬁ ke, RE LRGLTE AuBEhifih eied@irfdeui d
pressure andﬂlﬁﬂ’ég&ﬂ%ﬁ%}%ﬂ %%%47’001419 40
10 Preferably one or more of the layers of the laminate is metal.

Preferably the metal is titanium, tantalum or vanadium.

Preferably, the chamber, the flexible membrane and the associated circuitry are all formed

15  on a silicon wafer substrate using lithographically masked etching and deposition
techniques.

Preferably the membrane is less than 0.1 grams.
20  Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.
Preferably the membrane is non-planar.

Preferably the membrane is corrugated.

3

25
Preferably, the membrane corrugations have a period of between 5 microns and 15
microns.
Preferably, the membrane is substantially circular and the corrugations are annular.
30

Preferably the corrugations have a substantially square-shaped cross-sectional profile.

Preferably the flexible corrugated membrane has a corrugation factor of 8.



second nmenbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, the associated circuitry converts the deflection
of the second nenbrane into an adjustnent of the output signal to
conpensat exfap, st enperature of the sensor. 5 Preferghlyybhligofgnsor is a
capacitative sensor, with a conductive Bayer deposited in each of the
first and second chanbers and the first and second fl exi ble nmenbranes are
conductive; such that, the conductive layer in the first chanber and the
first flexible nenbrane form 10 capacitor electrodes and the deflection of
the first flexible nenbrane changes the capacitance which the associ ated
circuitry CORYgESI tHeQerdsbEhd Ulliiir réspginelup tPrelietMBhy the menbrane is at

| east partially formed froma nmetal ceramc nmaterial. 15 Preferably the
conductive ceramic is a netal nitride. Preferably the nenbrane is titanium
nitride, taplal Ml Helsbdsteis pyweRE by AldHgtift Bsttery. Pref erably the nmenbrane is be
formed frommxed nmetal nitrides. 20 Preferably the m xed netal nitrides
are titahiumsilicon nitride, tantalumsilicon nitride, vanadiumsilicon
nitride, titan |01 lefel | vl Ranseiittéefdm lawematk sadred. um si | i con
nitride. %&%@%ﬁgﬁﬁg%@gﬁ}ggg ?a\;igufvayer is apertured to allow the fluid
to flow frombetween the nenbrane and the conductive |layer. Preferably the
wafer is a fjrst r t et L side and an opposi ng back
side, a re?&e grabl chanslﬁﬁ{%%c{aﬁ%ﬁ?@gﬁ?nsgf%%%d at | east one hol e_et ched
fromthe back si deotdactivedayddderositadsn thershamles tos forme @ Arpl sAPICHPT eftRis hy: a

ol o Wher ci . WBUsO0k BaRAERF e Rpisi rgf Tl §sBR cdpifiof eueast one

such that,
deflection of the flexible membrane changes the capacitance which the associated

circuitry converts to the output signal; wherein,
the conductive layer is arranged such that deflection of the membrane towards the

15  conductive layer can displace the fluid from between the membrane and the conductive

layer.

In a further aspect there is provided a pressure sensor further comprising a passivation

layer at least partially deposited over the conductive layer.

20
Preferably the pressure sensor further comprising a CMOS layer disposed between the
conductive layer and the substrate.
Preferably the membrane is approximately 0.5pum thick. )
Preferably the conductive layer is less than 50 microns from the membrane in its
undeflected state.
Preferably the apertured guard is a laminate of different layers.

30

Tn a further aspect there is provided a pressure sensor further comprising a second chamber

with a second membrane, the second chamber being sealed from the fluid pressure and the



41 the second wafer is wafer bonded to the first wafer substrate.
Preferably the wafer bonding is direct wafer bonding whereby the contacting
surfaces of the first and second wafers are ultra clean, and activated by
mal ting thegmhydrgehilic or 5 hydrophobic prior to bandifigoosofhis hen
brought into contact at high tenperature Preferably the contacting
surfaces are brought together at a tenperature greater than 700C 10
Preferably, the wafer bonding is anodic bonding of fers whereby the
contacting surfaces of the first and secong waf erqs have.a Iag edvoltage
appl i ed acr g§eond embrane SeilscHRE FORRPTRiSIBRIEOREFHE TECTPIEd? REaPRPS | ayer
bondi ng \I\her&%bé};‘}vﬁ&ﬁﬁ’ of lownelting point material is applied to one or
both of the contacting surfaces of the first a(gfgbislseco d 1 vvaf.e{s so that

heat and pressur éwefasioniated |sECHEY 6InVEHHte deffestion PHRAE I poi nt
material is gild 0d S alltd LRt tok Meddnperdfire befalabnsot. he menbr ane
is circular %%Sﬁ%gpﬁén@tﬂﬁs ess than 500 n‘icronps. 20 Preferably the
menbr ane 5di aneter is |less than 300 mcrons. Preferably the nmenbrane
diameter is J00 g.6f0 G A eNsob it POHRERE Byél deh&viedin Bl 6f i al S.
Preferably tﬂﬁg&%%?%ﬁ%m%‘gﬁﬁﬁ@%r e sillcon nitri dg ar?g si licon dioxide.
In a furtherthafipeat stdoed phassherstani thecirst aod senond flerdble membranstiarg £ogdyplivee at i ng
pressure sensar,., 30 for sensing a fluid pressure, the nethod of fabrication
conpri si ng: %‘g]b@i‘@tnti al etching and deposition of nmaterial on a wafer
substrate to for mexondieandlayeran thedmst chqyalrer pud thy fitk flexikld mipgnbzane(fersal bl e

menbr ane; such that, 2006/ 042357 42.PCT/ hng use the
chamber l@ont‘%&P‘?%toraél?clﬁﬁ ¢ 23 &idre ?Cgﬂpgﬂggle Sé?g’ﬁglg%%%}#gh?%g%I e nenbrane
defl ects frompaitRicewhibhehdisbénendeuingtonents tdibe petbatrsgguee pressure and the
fluid pressure;

Preferably the membrane is at least partially formed from a metal ceramic material.

15  Preferably the conductive ceramic is a metal nitride.
Preferably the membrane is titanium nitride, tantalum nitride, vanadium nitride.

Preferably the membrane is be formed from mixed metal nitrides.

20
Preferably the mixed metal nitrides are titanium silicon nitride, tantalum silicon nitride,

vanadium silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon
nitride.
25  Preferably the cbnductive layer is apertured to allow the fluid to flow from between the

membrane and the coriductive layer.

Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a
recess etched into the front side and at least one hole etched from the back side to the

30  recess; and the sensor further comprising:

a second wafer on the back side of the first wafer to seal the at least one hole;

wherein,



depositing associated circuitry for converting the deflection of the
flexible 5 nmenbrane into an output signal indicative of the fluid
pressure; and, depositing an apertured guard over the nmenbrane. Preferably

the apert ux@dogWassdy i s deposited as |ayers of differenicmmiRide@igeto forma
| am nate. 10 Preferably the different meflerials are silicon nitride and

silicon dioxide. 15 In a tenth aspect the present invention provides a
pressure sensor for sensing a fluid pressure, the pressure sensor

conprising: a chanper partjall efined by.a flexible nenbrane, the chanber

cont ai ni ng &he *’feF‘Qﬂdd”ai?“%WF‘fé’f{é?‘éﬁ‘g@ ?gjésg‘ﬁ’%fg,rm?ﬁ%%e't hat the flexible

menbrane deflects due to pressure differentials between the reference

pressure and the fluid pressure, the rgne Rei at 20 | east rrially

formed fromPeefblytthe walpphandings d@“h‘ﬁ%{%ﬂg% W%&Vgg%cf’ﬂﬁaﬁmtgﬁe’rf%(ﬁegﬂ%er

spaced fromghg.f ingxsle&:'nﬁ WABADL 2 0Ra TG, dubatbtivatddoy nfaingtepphaiaghiled @ct r odes
and,

of a capacitor, associated circuitry for converti ng the defl ection of
the flexishl dydephetispridrte bonding, mtbmbrgvélﬁwto FoRAcE BRI CBPETENES- £ | i g
pressure; wherein, 25 the conductive layer is less than 50 mcrons fromthe
menbrane in its undeflected state. Preferably the flexible nepbrane is a

| ani nat e hairafgrably theemtactingsurfagesae ropght tpeptheimt & HEDHEYE STRIehRaD f

di fferent mayt p.ceramcs. 30 Preferably the netal ceram cs are netal
nitrides or x%d nmetal nitrides. Preferably the netal ceramcs are
titaniumnitride, titaniumalumniumnitride, tantalum silicon nitride,

titani um al um pi ilicon ni.tride ..or tant gl aSiidd GPHcdRiokr i de.
W0 2006/ a2 50l Rroptsbet Bofiners 2oy bont Y el Wb SlaBld Sitloedlo
the first and second wafers have a large voltage applied across them.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
point material is applied to one or both of the contacting surfaces of the first and second

15  wafers so that heat and pressure forms the wafer bond.
Preferably the low melting point material is silicon nitride or titanium nitride.

Preferably the membrane is circular with a diameter less than 500 microns.

20 -
Preferably the membrane diameter is less than 300 microns.

Preferably the membrane diameter is 100 microns.

25  Preferably the layers are different materials.

Preferably the different materials are silicon nitride and silicon dioxide.

In a further aspect the present invention provides a method of fabricating pressure sensor
30  for sensing a fluid pressure, the method of fabrication comprising:

sequential etching and deposition of material on a wafer substrate to form a

chamber at least partially defined by a flexible membrane; such that,



Preferably one or nore of the layers of the lamnate is netal
the nmetal is titanium tantalumor vanadium 5 Preferably, the cﬁgﬁgg;abme
1;: Iex:c t(;lrrerenenbrane_, ISF he con](cjuct ive layer and the associated circuitry are

_ ofbro3tast con waf er substrate using |ithogr J :
etching and deposition techniques. 10 PEef e?abl y tﬂe%ﬂ%@oi{%ﬁrggs t han
0.1 grams. Preferably the pressure sensor is adapted to sense the air
ErSe;fg][ gr\é\nb]t hi ?ha pnrergmat ic tire. Preferably the menbrane is non-planar.

_ y menbrane, i s corrugat ed.. Pr I

corrugati ons hav8 et ﬁ'ﬁ&hﬁgbeﬁ‘é‘f " gl%r% ag f g%\fg{egén%d% ?%&Q%dg@gﬁggego
Preferably, i rimeibfanchids a ptebstadifferahdeybetiaen thearferance prhssureand thedflyidns are
annul ar. Preferably the corrugations have a substantially square-shaped
cross-secti of&f " Brofile. 25 Preferably the flexible corrugated menbrane
has a corrugat i OBefoaighghssofiatdd ciRRufiyeordtnyerting ttedofiationaftha fiiiblear response

up to about 1 MPa.” Preferably the sensqr is.powered by a long-life
]E)at tery. 530 W@F@eaﬁp?nﬁwume@vﬁBg&ﬁéﬁmﬁgﬁﬁ’%i EBllawave‘s t?ansm’ tted
roma renote soglg@gig?g\%é%g@{e@égéézvg@gM&Qﬂé,OOMlQ 44 Preferably the

conductive | ayer such that deflection of the nmenbran
_ _ e towards
Eﬂe congucz!ve IEyer can displace the fluid from between the nenbrane and
e conduct i,y § |E§| I SN iesr: SSdrRlsI6 fa
conpri sing grefgrgs]?vx%{%pgn I'a errziiaétdte egst B § s = 2 further
laminate.

10
Preferably the different materials are silicon nitride and silicon dioxide.

15  In atenth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:
a chamber partially defined by a flexible membrane, the chamber containing a

fluid at a reference pressure, such that the flexible membrane deflects due to pressure
differentials between the reference pressure and the fluid pressure, the membrane being at

20 least partially formed from conductive material;
a conductive layer within the chamber spaced from the flexible membrane such that

they form opposing electrodes of a capacitor; and,
associated circuitry for converting the deflection of the flexible membrane into an

output signal indicative of the fluid pressure; wherein,

25 the conductive layer is less than 50 microns from the membrane in its undeflected

state.

Preferably the flexible membrane is a laminate having at Teast two layers formed from the
deposition of different metal ceramics.

30
Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

Preferably the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.



partially deposited over the conductive |ayer. In another aspect the
pressure sensor further conprising a CMOS | ayer di sposed between the
conductive layer and the substrate. 10 Preferably the nenbrane is

appr oxi nmatel.y ﬁmg‘ﬁ%‘ﬁ hick. Preferably the conductive | ggyag:804k6% t han 30
m crons fron1? e nenbrane in its undefldgcted state. 15 Preferably the
apertured guard is a lamnate of different layers. In a further aspect
there is provided a pressure sensor further conprising a second chanber
with a second nenbrane, the second chanber being sealed fromthe fluid
pressure and the 20 second nenbrane deflecting froma predeterm ned
pressure di fE.gLaMGent Br hHR of BAfrs of R ThamatewRerl. N, the associ at ed
circuitry converts the deflection of the second nenbrane into an

adj ustment of the output signal to conpensate for the tenperature of the
sensor. 25 Byaferpblymiibes 366R0 ehamDer vAasua. second conductive |ayer to
forma capacitative sensor; such that, the associated circuitry uses the
change i ¥ capacitance from deflection of the second flexible nenbrane, to
calibrate t retgr%{)l&u&le ﬁflﬁtﬂ)%l’, 'tliléﬁ)exm%%ﬁlg{ly, i BnERENRyFRAD tRRAEsokBcat | east
partially forme toma met'al ceramc material. Preferably the conductive
ceramic is aimutrgbrenilltfoimd on\AGilR00 Sl sdsratpesirglihogaphiwily Teskedstopings or ap| y
t he menbr ane iﬁ t%%@nh%gh@k%ride, tantalumnitride, or vanadiumnitride.
Preferably hE IERATEOA FeS™ ormed froma mxed netal nitride. 5 Preferably
the m xed netal nitride is selected fromtitaniumsilicon nitride, tantalum

silicon _ nitrigde, vanadiumsilicon pi.tride, titaniumalumniumsilicon
nitride. 10r Ptrgtgqahqy S embraneis 1ésS tan 01 g;rarﬁjsg
Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.

Preferably the membrane is non-planar.

15
Preferably the membrane is corrugated.
Preferably, the membrane corrugations have a period of between 5 microns and 15
microns.

20

Preferably, the membrane is substantially circular and the corrugations are annular.

Preferably the corrugations have a substantially square-shaped cross-sectional profile.
‘25  Preferably the flexible corrugated membrane has a corrugation factor of 8.

Preferably the sensor has a linear response up to about 1MPa.

Preferably the sensor is powered by a long-life battery.

30
Preferably the sensor is powered by radio waves transmitted from a remote source.



alumniumsilicon nitride. Preferably the conductive layer is apertured to
allow the fluid to flow from between the 10 nenbrane and the conductive
| ayer. Preferably the wafer is a first wafer substrate with a front side

and an opp@s side, a recess etched into the fgamysedB14300 at
| east onepﬁglzg‘gg?%%d fromthe back sideigto the recess; and the sensor

further conprising: 15 a second wafer on the back side of the first wafer
to seal the at |east one hole; wherein, the second wafer is wafer bonded
to the first wafer substrate, Preferab e er b ing | i waf er
bondi ng wherfsefgrabl dhessneuctive e F‘F%@‘ig‘{?%%aﬁggfi%éoq ﬁ?tpg? mglr?a‘%lsléei{?éﬁlc waf er s
are ulira cligabnfiide ik 4AURHIDYHTBKATE bamshyie ophibline st the bydnapiaobi ¢
prior to bonding, and fhen brought into contact at high tenperature.
Preferably tlrcontacting surfaces are brought together at a tenperature
greater than 700C. 25 Preferably, the wafer bonding is anodic bonding

of fers whereby the contacting surfaces of the first_ and second wafers have
a | arge Vol tlngdusthepisped teresssresensm fuphacepRAspe ¢ passiVAfy ayB ARy i s

i nternedi ate_| I i . er of low nelting 30 point
material is pﬁg%ﬁ?gﬁggggoﬁ%r%%@ﬁuﬁfﬁﬁe contacting surfaces of the first
and second wafers so that heat and pressure forns the wafer bond. WO

2006/ 042357 46 PCT/ AU2004/ Q . 0s } l9shsB0bddvedmat eri al
is silicon r?Pf“P?'% 369‘3"&*.9? g%e?séfne]s%ﬁoﬁ ?%Ieh.%f@"%#‘ﬁef?ﬁ‘?g‘b‘w tgg}erreﬁ%rsane i g
ci rcul ar wi tihe eondi@ivelser Amtlshe 4ubstrat 00 microns. 5 Preferably the nenbrane

dianeter is less than 300 mcrons. Preferably the nenbrane dianeter is 100
ni cr ons. 10 Preferably the layers are different materials. 10

Preferably the membrane is approximately 0.5pm thick.

Preferably the conductive layer is less than 30 microns from the membrane in its
undeflected state.

15
Preferably the apertured guard is a laminate of different layers.

In a further aspect there is provided a pressure sensor further comprising a second chamber
with a second membrane, the second chamber being sealed from the fluid pressure and the
20 second membrane deflecting from a predetermined pressure difference in the second

chamber; wherein,

the associated circuitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.
25  Preferably the sécond chamber has a second conductive layer to form a capacitative sensot;

such that,
the associated circuitry uses the change in capacitance from deflection of the

second flexible membrane, to calibrate the output signal.

30 Preferably the second membrane is at least partially formed from & metal ceramic material.

Preferably the conductive ceramic is a metal nitride.



Preferably the different materials are silicon nitride and silicon dioxide.
15 In an el eventh aspect the present invention provides a pressure sensor
for sensing a fluid pressure, the pressure sensor conprising: a chanber
partially deflhad,y a flexible nmenbrane, the chamber gani@opidgns fluid
at a reference pressure, such that the fd4sexi bl e nenbrane deflects from any
pressure difference between the reference pressure and the fluid pressure,
t he nenbrane being at 20 | east partially formed from conductive material ;

and, associated circuitry for converting, t deflection of the.flexible
menbr ane i ntiFeirrblighe Wg@Pﬁﬁ&mﬁ“ﬁﬂf‘%‘?’%&ﬁp ?I%éd%f ?rﬁiaﬂadg%élgﬁdreé; wher ei n,
the flexible nmenbrane is less than 3 mcrons thick. 25 Preferably the
flexible nmenbrane is a | am nate having at | eas tv.\é) | ayers formed fromthe
deposi ti on direferablydhemempispais fegped fronta mpred Al BiWYS e et al ceramics are
metal nitrides or mxed netal nitrides. 30 Preferably the netal ceramcs
are titaniumnitride, titaniumalumniumnitride, tantalum silico

nitride, i tRoaferabivathemined metal pitriders selpqted faem tigpiupasilicon fFids: (RfalyD Fﬁ?‘%‘?’} i con
nitride. Pr r . s . W fnSsi dd effamakugr 1S netal . 35
Preferably t %ﬁﬁg%g¥m?§gﬁg%gﬁ?ﬁﬁfﬂ%gﬁggﬁﬁglor gg%gg?ﬁn1 WO 2006/ 042357

PCT/ AU2004/ Ofiddin@im #iicAmatiide.abl y t he chanber, the flexi bl e menbrane, and
the associated circuitry are all forned on a silicon wafer substrate using
| it hographically masked etching and deposition techniques. 5 Preferably
the sensor iBrefrsbhphacidudbitive lgenseperhaed ngllow thedividiotflopeirom petweprehosi t ed i n
t he chanper to forma fi rsg ﬁia??d tor electrode; and, the flexible

menbr anelq s REHERRS 2909 WOEPHLF E- f or m a second capacitor el ectrode; such
t hat,

Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a

recess etched into the front side and at least one hole etched from the back side to the

recess; and the sensor further comprising:

15 a second wafer on the back side of the first wafer to seal the at least one hole;

wherein,
the second wafer is wafer bonded to the first wafer substrate.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
20  the first and second wafers are ultra clean, and activated by making them hydtophilic or
hydrophobic prior to bonding, and then brought into contact at high temperature.

Preferably the contacting surfaces are brought together at a temperature greater than
700°C. '

25
Preferably, the wafer bonding is anodic bonding offers whereby the contacting surfaces of

the first and second wafers have a large voltage applied across them.

Preferably the wafer bonding is intermediate layer bonding whereby a layer of low melting
30  point material is applied to one or both of the contacting surfaces of the first and second

wafers so that heat and pressure forms the wafer bond.



10 defl ection of the flexible nenbrane changes the capacitance which the
associated circuitry converts to the output signal; wherein, the
conductive layer is arranged such that deflection of the nmenbrane towards

t he Conduﬁbiz‘de%mhﬁ)(‘?r can di splace the fluid from bet weematdigsei®r ane and
the conductive layer. 15 Preferably the4pressure sensor is adapted to

sense the air pressure within a pneumatic tire. Preferably the nenbrane is
non-pl anar. 20 Preferably the nmenbrane is corrugated. Preferably, the

menbr ane corrugations. have a perjod of .betweer . i 15 mcrons.
25 Prefer ablgﬂegefaﬁ?g%m’&ﬁlgng O%ﬁﬁgf‘%ﬂﬁ% ﬁ°§n%%$%%qn§%‘£%ﬁgﬁ‘? e corrugations
are annular. Preferably the corrugations have a substantially

squar e- shaped cross-sectional profile.  Preferab @e fl exible corrugated
menbr ane hasPifesdiy g membrne Ligitsplapyitaa d’\?@e{? L?%tbé%% P&%ensor has a

| i near response up to about 1MPa Preferably the sensor is powered by a

long-1ife; baﬁgefeg%g, Blof 423k r 40 RTMAVBAAGHA01419  Preferably the

sensor. is powered by radio waves transmitted froma renote source.
Preferably the conductive layer is arranged such that deflection of the

menbrane { OVBLAS LRy bDERNAY Glaéir kY00miRRs di spl ace the fluid from between
' I

t he nmenbrane an e conductive ayer. In a further aspect there is
provi ded a pressure sensor further conprising a passivation |ayer at |east

partially degr%ﬁéé@gﬁgYa%rstaréediﬁ?r@gtyzﬁ&twa?s.l ayer. 10 In a further aspect there
ur

is provided re-sensor er conprising a CMOS | ayer di sposed
bet ween tdhe conductive | ayer and the substrate.

Preferably the different materials are silicon nitride and silicon dioxide.

15 In an eleventh aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:
a chamber partjally defined by a flexible membrane, the chamber containing a fluid

at a reference pressure, such that the flexible membrane deflects from any pressure
difference between the reference pressure and the fluid pressure, the membrane being at

20 least partially formed from conductive material; and,
associated circuitry for converting the deflection of the flexible membrane into an
output signal indicative of the fluid pressure; wherein,

the flexible membrane is less than 3 microns thick.

25  Preferably the flexible membrane is a laminate having at least two layers formed from the

deposition of different metal ceramics.
Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

30  Preferably the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.
Preferably one or more of the layers of the laminate is metal.

35  Preferably the metal is titanium, tantalum or vanadium.



Preferably the nmenbrane is approximately 0.5mthick. 15 Preferably the
conductive layer is less than 50 mcrons fromthe nenbrane in its
undefl ected state. Preferably the apertured guard is a | am nate of

di fferent Wﬁ%’&sﬁmss?o In a further aspect there is progddasedepis@psure
sensor further conprising a second chanbe#r w th a second nenbrane, the

second chanber being sealed fromthe fluid pressure and the second
menbrane deflecting froma predeterm ned pressure difference in the second
chanber; wherein, 25 the associated circuitry converts the deflection of

t he second nenbrane into an adjustnment of the output signal to conpensate

for the temMmeiRibfhOshainbe, BRMRRIbIe Eahreia bid/the haodaed ticbuithoarb ell fdrasd a

second conductive layer to forma .capaci.tative sensor, .such.that, 30 the

associ at ed canao%hqowaf?g&bswéumhé@ aﬂ“E@ﬁ%@F%ﬁ%@“‘f%%d&@fsﬁt@&i on of the

second flexitgghgqugsr_‘rbr ane, to calibrate the output signal. WO 2006/ 042357
1419 4

PCT/ AU2004/ 0 9 Preferably the second nenbrane is at |east partially
formed fdoma netal ceranmic material. Preferably the conductive ceramic is

a netal ni trﬂrgféragﬂftﬁ)émr AphdGHIBERIAREvihg Titaniumnitride, tantalum

nitride, or vanadrumnitride.” Preferably the nenbrane is formed froma
m xed metal nitriacendubtief layea denpsitedein thohgmbrenta form 2 fptrepactos elpdrodeofly om

titani umsilicon i édh(ileeme&mﬁ%s%%(ﬁfcﬁ&lﬁgrde}% #3kh b s 8Bnd ¥ARSHI BRI CON

nitride, titaniumalumniumsilicon nitride, or tantalum "alum niumsilicon
nitride. Preteithhd,y the conductive layer is apertured to allowthe fluid to

flow fr o bet wee r?‘.ieﬁebc%on of the flexible membrane changes the capacitance which the associated

circuitry converts to the output signal; wherein,

the conductive layer is arranged such that deflection of the membrane towards the

conductive layer can displace the fluid from between the membrane and the conductive

layer.
15

Preferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.
Preferably the membrane is non-planar.

20  Preferably the membrane is corrugated.

Preferably, the membrane corrugations have a period of between 5 microns and 15

microns.

25  Preferably, the membrane is substantially circular and the corrugations are annular.
Preferably the corrugations have a substantially square-shaped cross-sectional profile.
Preferably the flexible corrugated membrane has a corrugation factor of 8.

30

Preferably the sensor bas a linear response up to about 1MPa.

Preferably the sensor is powered by a long-life battery.



menbrane and the conductive layer. 15 Preferably the wafer is a first wafer
substrate with a front side and an opposing back side, a recess etched
into the front side and at | east one hole etched fromthe back side to the
recess; a or further conprising: a second waf@aia@hosfobaiPpack si de
of the fi rrkg?tz&g@‘rﬁtso seal the at |east 4gne hole; 20 wherein, the second
wafer is wafer bonded to the first wafer substrate. Preferably the wafer
bonding is direct wafer bondi ng whereby the contacting surfaces of the
first and second wafers are ultra clean, and activated by nmaking them
hydrophilic or 25 hydrophobic prior to bonding, and then brought into
contact at hj f 2 & tR1radab Wat-Gerdenited fiomg emoteacese.ar e br ought
t oget her at %%E%gfﬁdglglﬁogﬁter@{ han 700C. 30 Preferably the wafer

bondi ng i s anodi ¢ bonding of fers whereby the contacting surfaces of the

first and s QL 2t ABMECiEH oPhe ABMbiahe fawarild
2006/ 042357%8&%8%%5%&9?%}%#9@a%%a%églrs%%?g t he waf er bondi ng S, ..

i nt er medi st etht aymnctivehgiencpnisptash fhe luidierp bewern e MeMPrang an‘m SORAREEYS i
is applied to one or both of the contacting surfaces of the first and
second waf ¥ 50 that heat and pressure fornms the wafer bond. 5 Preferably
the low nelting point material is silicon nitride or titaniumnitride.
Preferably the rane S cir r. W I hanRe§hnM crons.
Preferably tﬂ@ﬁﬂ%?ﬁﬁ?@ttbﬁgﬁéﬁbﬁs&%ﬁs@% ﬁ%ﬁp%%érrﬁo %@%ﬁgé %b Preferably

t he menbr anejagiraPRhg paitially @ostied boershe cobdedtve &y the | ayers are different
materials. 15 Preferably the different nmaterials are silicon nitride and
silicon 8 oxide. In a twel fth aspect the present invention provides a
pressure Sengof fufiRdr a5RR6thad igprbVitkidth pressure sensor further comprising a CMOS layer

disposed between the conductive layer and the substrate.

Preferably the membrane is approximately 0.5pm thick.

15
Preferably the conductive layer is less than 50 microns from the membrane in its

undeflected state.

Preferably the apertured guard is a laminate of different layers.

20
In a further aspect there is provided a pressure sensor further comptising a second chamber

with a second membrane, the second chamber being sealed from the fluid pressure and the

second membrane deflecting from a predetermined pressure difference in the second

chamber; wherein,
25 o the associated circuitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.

Preferably the second chamber has a second conductive layer to form a capacitative sensor;

such that,

30
the associated circuitry uses the change in capacitance from deflection of the

second flexible membrane, to calibrate the output signal.



pressure, the pressure sensor conprising: 20 a chanber partially defined by
a flexible nenbrane, the chanber containing a fluid at a reference
pressure, such that the flexible nmenbrane deflects fromany pressure
differencewgg&%ﬁgﬁs;he reference pressure and the fl uigdrH266&WeA19 t he
menbrane berng at |east partially fornma@ from conductive material; and,
associated circuitry for converting the deflection of the flexible nenbrane
into an 25 output signal indicative of the fluid pressure; wherein, the
associated circujtry is adapted t.o he power b clro- i iation
transmi tt ed Preferably ﬂﬁfcﬁeFﬂn%r”é TEnerly gﬁ#ﬁﬁ%ﬁ%ﬁeﬂ%& %P§B| y { Egh%l[eré%?bl e
menbrane is a lamnate having at |east two layers fornmed fromthe 30
deposition of different nmetal ceramcs. Preferably the netal ceramics are

metal nitri deeferably hocoadprtiva reramicss yetel Beer abl v the netal ceramics are
titaniumnitride, titaniumalumniumnitride, tantalum 35 silicon nitride,
titaniumalum niumsilicon nitride, or tantalum al um ni um si.l 'Lé:on nitride.
WO 2006/ G42 Paater@elyhxupenhroois stginnsyitpdecharlin YruleLT JRAHITEYEC% he | ayer s
of the lamnate is netal. Preferably the nmetal is titanium tantalum or
vanadium 5 Preferably the chanber, the flexible nenbrane, and the

associ at ed referablyrtye membrah¢ isffomed dromormixed mefad 8ifidaf er substrate using

| it hographically masked etching and deposition techniques. 10 Preferably
the sensor is a capacitative sensor having: a conductive |ayer depgsited in
the chanber Hrefefablyithamixied stetat ajpddsi it salectdddrm Bidniumesilipon nftrde, %ﬂ%ﬂbﬁl@m

nmenbrane is conductive in order. to forma.s | botnggct rode; such
that, defd ecd¥ ﬁvﬁ?adfmsﬁwgﬂd&tﬁ%mn%?gine c a%g%gﬁt Ee ¢apaci t ance which the

associ ated glyminium silicon nitride.

Preferably the conductive layer is apertured to allow the fluid to flow from between the

membrane and the conductive layer.

15
Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a
recess etched into the front side and at least one hole etched from the back side to the
recess; and the sensor further comprising:
a second wafer on the back side of the first wafer to seal the at least one hole;
20  wherein,

the second wafer is wafer bonded to the first wafer substrate.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by making them hydrophilic or
25  hydrophobic prior to bonding, and then brought into contact at high temperature.

Preferably the contacting surfaces are brought together at a temperature greater than
700°C.

30  Preferably the wafer bonding is anodic bonding offers whereby the contacting surfaces of

the first and second wafers have a large voltage applied across them.



15 circuitry converts to the output signal; wherein, the conductive |ayer
I s arranged such that deflection of the nenbrane towards the conductive
| ayer can displace the fluid from between the nenbrane and t he conductive

| ayer. 20 I the pressure sensor is adapted topEHe GBI I
pressure Wﬁpﬁﬁﬁmgg%ﬁeunatic tire. Prefefably the nenbrane is non-planar.

Preferably the nenbrane is corrugated. 25 Preferably, the nenbrane
corrugati ons have a period of between 5 mcrons and 15 nicrons.

Preferably, th rane |s suhstantially citcular .an L ons are
annul ar. ~ 30F @%&bn&n'gﬁf”ﬁgf h%n ¥ %?Jle%ﬁtgya}?’g{/%ma %J%%f%ﬁ%?%efgﬁéﬁ%g%{é&ghaped
cross-secti O?ﬂht &l 1s@ppliddrte bey @tboth dfffiee dohmxtirty serfaces fitatied anksrbohe has a
corrugation factor of 8. WD 2006/042357 %2 PCT/ AU2004/ 001419 Preferably
the sensor hwafes spthbheat anpreias sty WHE RO vPa. Preferably the flexible
menbrane is less than 3 mcrons thick. 5 Preferably the pressure sensor

further conprising a long-life battery adapted .for rechargi. by the
renotel y §raPrsfer k@emhﬁép@gﬁmﬁﬁéﬁwn’lﬁ%@e?:‘ifﬁﬂﬁ‘é‘{‘i“&ﬂgqgayer i's
arranged such that deflection of the nenbrane towards 10 the conductive
| ayer can displace the fluid from between the nmenbrane and the conductive
| ayer. Pref ePmfiraply the membrang iscirsular with p diamsier lesothan P HiF9PSpassi vat i on

| ayer at |east partially deposited over the conductive |layer. 15

Pref erabl y the oDi Pt L beS Aanltl 14165 RAB0 hikBs. 2 CVOS | ayer di sposed

10

Preferably the membrane diameter is 100 microns.
Preferably the layers are different materials.
15  Preferably the different materials are silicon nitride and silicon dioxide.

In a twelfth aspect the present invention provides a pressure sensor for sensing a fluid

pressure, the pressure sensor comprising:
20 a chamber partially defined by a flexible membrane, the chamber containing a fluid

at a reference pressure, such that the flexible membrane deflects from any pressure
difference between the reference pressure and the fluid pressure, the membrane being at

least partially formed from conductive material; and,

associated circuitry for converting the deflection of the flexible membrane into an

25  output signal indicative of the fluid pressure; wherein,
the associated circuitry is adapted fo be powered by electro-magnetic radiation

transmitted from a point remote from the sensor.

Preferably the flexible membrane is a laminate having at least two layers formed from the

30 deposition of different metal ceramics.
Preferably the metal ceramics are metal nitrides or mixed metal nitrides.

Preferably the metal ceramics are titanium nitride, titanium aluminium nitride, tantalum

35 silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.



conductive layer and the substrate. Preferably the nmenbrane is
approximately 0.5mthick. 20 Preferably the conductive |ayer is |ess than
50 microns fromthe nmenbrane in its undeflected state. Preferably the
apertured guard is.a |amnate of different layers. 25diy@ofsbidaer aspect
the pressure sensor further conprising assecond chanber with a second
menbr ane, the second chanber being sealed fromthe fluid pressure and the
second nenbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, 30 the associated circuitry converts the
defl ection of the second nenbrane into an adjustnment of the output signal
to conpensat g £oMi B8 o GEPEsBhea9er9bf thh BnfikiSRimetalD 2006/ 042357
PCT/ AU2004/ 001419 ° 53 Preferably the second chanber has a second conductive
| ayer to forma capacitative sensor; such that, the associated circuitry
uses the chapge. i GRARGH 1ARERuh @ERId: o, of the ~second fl exi bl e

the I

menbrane, to caﬁr%b@r ate output signal. 5 Preferably the second nenbrane

is at leaSt partially forned froma netal ceramc material. Preferably the
conductive cgranic i ’?ﬁF%% LS e, R R a8kl kR aN€orined
titaniumnit fegﬁg%b(flf%%fa um}’%‘?@%ﬁd’%‘%g%?bvaeﬁa rumnitride. © referably the

nmenbrane i s &mwa silicbnfwaien sabstiaseasingditizmigraphicall yoeasked etthing and/deperétion xed net al
nitride is selected fromtitaniumsilicon nitride, tantalumsilicon 15
nitride, van 8&&%‘@ licon nitride, titaniumaluminiumsilicon nitride, or
tantalum alumniumsilicon nitride.

10  Preferably the sensor is a capacitative sensor having:
a conductive layer deposited in the chamber to form a first capacitor electrode; and,

the flexible membrane is conductive in order to form a second capacitor electrode;

such that,
deflection of the flexible membrane changes the capacitance which the associated

15  cironitry converts to the output signal; wherein,

the conductive layer is arranged such that deflection of the membrane towards the

conductive layer can displace the fluid from between the membrane and the conductive

layer.

20  Preferably the pressure sensor is adapted to sense the air pressure withina pneumatic tire.
Preferably the membrane is non-planar.

Preferably the membrane is corrugated.

25 .
Preferably, the membrane corrugations have a period of between 5 microns and 15

microns.

Preferably, the membrane is substantially circular and the corrugations are annular.

30
Preferably the corrugations have a substantially square-shaped cross-sectional profile.

Preferably the flexible corrugated membrane has a corrugation factor of 8.



Preferably the conductive layer is apertured to allowthe fluid to flow
from between the nenbrane and the conductive |ayer. 20 Preferably the
wafer is a first wafer substrate with a front side and an opposi ng back

side, a r ed into the front side and at | easpcp@oh@og &t ched
fromthe bg@ﬁﬁzﬁlmgﬁesg?o the recess; and ti% sensor further conprising: a

second wafer on the back side of the first wafer to seal the at | east one
hol e; 25 wherein, the second wafer is wafer bonded to the first wafer
substrate. Preferably the wafer bonding is direct wafer bondi ng whereby the
contacting surfaces of the first and second wafers are ultra clean, and

activated by prefkiaby thhemdihds Olibat fspaise uB dbypairidfobi ¢ prior to bonding,
and then brought into contact at high tenperature. WO 2006/ 042357
PCT/ AU2004/ 001419 54 Preferably the contacting surfaces are brought

toget her at @ dreaRQkRiAEDIHNEabake {5 thad AQGcrols ickr abl y the wafer bondi ng
i s anodi ¢ bonding offers whereby the contacting surfaces of 5 the first

and second wafers have a | arge voltage applied across them Preferably the

waf er bondi _ng‘réf&aﬂl?%ﬂ?@s%ﬁr@%@nsb@ﬂdﬁﬁa&%ﬁﬁﬁﬂg WMRE- BBy batehdapte®for khargit | Ng

point material Is appl'ied to one or both of the contacting surfaces of the
first and sebuytht remeibrimngaittededicneaiesand pressure forms the wafer bond. 10
Preferably the low nelting point material is silicon nitride or titanium
nitride. Preferably the menbrane is circular with a di anmeter |ess than 500
m crons. 15 Prefefly sl opndustivereptirisarcangedsvsh érat defleptionsofthrmergbranaiowiamss .

Prefer ablm t eerq%e?%ﬁgen ﬁy&ic%%fs&'écé e A9 FULCENSn thdnEhERLALLM hb&ddadREs are

different 'm
layer.

Preferably the pressure sensor further comprising a passivation layer at least partially
deposited over the conductive layer.

15
Preferably the pressure sensor further comprising a CMOS layer disposed between the

conductive layer and the substrate.

Preferably the membrane is approximately 0.5pm thick.
20

Preferably the conductive layer is less than 50 microns from the membrane in its

undeflected state.

Preferably the apertured goard is a laminate of different layers.

25
In a further aspect the pressure sensor further comprising a second chamber with a second
membrane, the second chamber being sealed from the fluid pressure and the second
membrane deflecting from a predetermined pressure difference in the second chamber;
wherein,

30 the associated circuitry converts the deflection of the second membrane into an

adjustment of the output signal to compensate for the temperature of the sensor.



20 Preferably the different materials are silicon nitride and silicon

di oxide. Brief Description of the Figures Enbodi nents of the present
invention is now described by way of exanple only, with 25 reference to
t he acco I wings in which: Fig. 1 (Prior art PCT/AU2004/001419

htt p: //ww;@a&g@?’?%g?nd com eng/ product s24xarsystemhtm ) illustrates a
typical TPMS used in a four wheel vehicle;. Fig. 2 is a schematic parti al
section of a sensor according to one enbodi nent of the present 30

invention; Fig.s 3, 5, 8, 10, 13, 15, 18 and 20.are schemati | ap, vi ews of
masks sui t abPrsterably the gecpiy chigp ?’ﬁ’éﬁl & 3‘?‘:0’3‘? %@EC%'F latyﬁrem&%ﬁ t e ?%Baﬁ"%?egf’%s s;
Figs. 4, 6, dcnthet 11, 12, 14, 16, 17, 19, 21, 22 and 23 illustrate sections
of an enbodi nent at successive stages of f abricati&n; V\&%%OG/%ZSB?—
PCT/ AU2004/ 00141 dhe ssoqiite cirsuitry asep 183 Fhaneg in Cappsignea frondefledian 8F B 1 ef er ence
sensor for péegéfﬂdcﬁéigléﬁ&ﬂ%ﬂé,w&ﬁbﬁmeaﬁﬁﬁtisigﬁaﬂ or a sensor according to
present invention; Figs. 25a to 25d are a schenmatic representation of the
installation of the sensor in the valve stemof a vehicle tire; 5 Fig. 26
is a diagrammatic representation of the sensor circuit; Figs. 27a to 27h
are partial Prefesiicthe seend membrapsistat st parsially forpediyors p metal geramic mae#ldi ng
to an enbodi nent of the present invention; Figs. 28a (perspective view)
and 28b (side view) illustrate a schematic of a nmenbrane with corrugations
accor di ng t oPefapabbsthbbendecthedemmit is efndtfaitpdesent i nvention; 10 Fig. 29
illustrates a conparison of |linear and non-linear theory with |inear and
non-linear finite element nodelling for a flat circular titaniumnitride
(TiN) meqpr apefersilyt the RembBe ispharmnn nitride, Ganfalum nitride, or vanadium nitride.

Preferably the membrane is formed from a mixed metal nitride.

Preferably the mixed metal nitride is selected from titanium silicon nitride, tantalum silicon
15 nitride, vanadium silicon nitride, titanjum aluminium silicon nitride, or tantalum

aluminium silicon nitride.

Preferably the conductive layer is apertured to allow the fluid to flow from between the

membrane and the conductive layer.

20
Preferably the wafer is a first wafer substrate with a front side and an opposing back side, a
recess etched into the front side and at least one hole etched from the back side to the
recess; and the sensor further comprising:
~ asecond wafer on the back side of the first wafer to seal the at least one hole;
25  wherein,

the second wafer is wafer bonded to the first wafer substrate.

Preferably the wafer bonding is direct wafer bonding whereby the contacting surfaces of
the first and second wafers are ultra clean, and activated by making them hydrophilic or
30  hydrophobic prior to bonding, and then brought info contact at high temperature.



Fig. 30 illustrates the effect of nenbrane corrugations on
pressure-deflection sensitivity; Fig. 31 illustrates an expanded vi ew of
Von M ses Stress distribution near an edge of a 15 nenbrane, withp =1 Mra,
g =4 and 1z d Fig. 32 illustrates the effect e on the
pressure- dqévﬂ]zg%dﬁ%ﬁpr esponse of a nenbrspe with q = gﬁgﬂlgﬁ?g{{%iﬁ Det ai | ed
Description of the Preferred Enbodi nents 20 The foll ow ng enbodi nents are
described in order to provide a nore precise understanding of the subject
matter of the present invention. Wi]e the enbodi nents focus n_a

capaci t at i vePrelgpblsibA osactigs gifages T PE@F%"%B%%‘E ﬂi"‘gg’:f‘?eé?hdre\ﬁ“?afer%ea&di ly
understand thppcothe invention is equally applicable to other forns of
pressure sensor such as: (i) Piezo-resistive, where the nenbrane is forned
froma non-conductive material 25 and the piezo material is in contact
with the nme j - ; RSB tHel dtattthguffEds bhduced
changes in p%é?ege}%}}(/‘??y afeghg&%nnggnidﬂﬁog%’ if%&to tage is gggl i ed) that
can be noni tibe Eidst eddbsstomshvaters hyve alaigp veltags applicd 3eressii¥® sensors, where the
frequency of oscillation of the menbrane depends on the pressure
difference. The initial resonance could be activated by 30 using a.

ti me- varyi ngprefeesbly ths twafdr boddingie intertmadiete leyes bendineswlesseby gdast of lopimelting ce
conpensati on pressure.se S, . I i8d gdeRhd €d to
mai ntai n t heP %ig??zlsaﬁpgﬁ%emioﬁ%ri é’l‘ﬁl %&gﬂ@%%ﬁ&%}&%fgb%ggﬁﬁﬁﬁgﬁ 4 ectdr ostatic
force betwegnfeisho thatbeat hetpreadefomathdeafeseehdt o position the nmenbrane. WO
2006/ 042357 PCT/ AU2004/ 001419 56 Each of these sensor types has particul ar
advant ag‘e% and limtations. Piezo-resistive sensors are reasonably well
known and unpi@resiedpghe ik meRBEipbiat nbterial Sesilifonenipidle or titatieminittide. The sensors
of (ii) and (iii) are |ess popular but do not require exotic materials. 5
Capacitative sensors are typically robust and highly versatile and

therefore thg e ek ebmbeHGHiFRRE Gtk ldtankeer has gen 600 ditkenst ype of sensor.

15  Preferably the membrane diameter is less than 300 microns.
Preferably the membrane diameter is 100 microns.

Preferably the layers are different materials.
20 ‘

Preferably the different materials are silicon nitride and silicon dioxide.

Brief Description of the Figures
Embodiments of the present invention is now described by way of example only, with

25  reference to the accompanying drawings in which:

Fig. 1 (Priof. art - http://www.pacific-ind.com/eng/products2/carsystem.html) illustrates a

typical TPMS used in a four wheel vehicle;.
Fig. 2 is a schematic partial section of a sensor according to one embodiment of the present

30 invention;
Fig.s 3, 5, 8, 10, 13, 15, 18 and 20 are schematic plan views of masks suitable for use in

particular stages of the fabrication process;
Figs. 4, 6,7,9,11,12, 14,16, 17, 19, 21,22 and 23 illustrate sections of an embodiment at

successive stages of fabrication;



Functional Overview A brief overview of the basic operation of the sensor
W Il be described with reference to 10 Figure 2. Figure 2 shows a
schematic partial section of a capacitative sensor fabricated wusing the
masked |itHaghaRMss; et ching and deposition techni ques g¢ipigRbdaii4sed in the
production of sem conductor chips. The f&brication steps are described in
detail below The sensor 30 is forned on a silicon substrate 32, provided
wi th seal ed channels or holes 15 33, on which is deposited a CMOS | ayer 34.

A conducti ve | 36 is.deposited op the —CMOS | 4 fol b
passl vat | on Wil Us 3 bt FRGA eehanor i pice s ooy Ay e O %

I nsul at i Ng onfRAEati6OfE W 6éristiactREBE iepresefit moadisas i ve menbrane 50 is spaced
from conductive |layer. 36 to forma refer_erg%e chatgﬁ%r Sg Roof _or Caﬂi 54
covers the HFgwBiaReSdare agchemalisrensrsepiafionof the mspIRfog QEMGSROHBIRE IS or
channel's or &8eoki kicis@et hat 20 the menmbrane 50 is exposed to tire
pressure. The nenbrane 50 deflects due to differential stresses. The anount
of defl ect i dfigfsris a digeveynatis repsesentation; of therS8pRoE cirglilends on the menbr ane

di amet er andg;Ldi : - i PRHPIG sctioh@) ofX sUiBdr@ccotdih@fol Y
fixed, weakﬁi/lé%lb?\%@?)% %én%ﬂ%aﬁg&kn%g%ﬁg%ﬁﬁat eri gls 25 tg’r)opert I es (forQexarrpI e
el asti ¢ nodunsnboRmepsofithe presenf ingen¥ont y) . Both t he nenmbrane 50 and
conductive | 899{8?1: L Gi MO ot B aneGwith

bet ween thenﬁéﬁ??é%é’ég%%ﬁgégﬁ%n t e(e %%?V?{g%?&%g??ﬁhf% vi_t;i of the anbient
mat eri al , e, corfugatizing etconlieg te papossitds ebodimentohthepresentipgatioiea, A For the
case where {. | ect rodes. ar ' l,ar g = L1 : sor is
t hen cal {Oor ;ﬁg.%flﬂps%}q@gg GPRESEY ggdle%%ﬁlg gloegfrn E%Zh"‘é’gpﬂtgl 6% %lsds;ll?ra?é%
2006/ 042357 {RGHE edRD0hb0NHE1 D1 2 Bat cirbulbr titewitinonitriGy i) msmbrageirveth =56, 7, 9,
11, 12, 14, 16, %7_,_ 359, 21, 22 and 23 show the nmain |ithographic etching
and deposit ik a8 é’pg‘ iff7ol ved in the fabrication of a pressure sensor

accor di ng t opihm) ifluduame Md dRct of BRnTBSK Sorsgaohsdguessintilefléntios sensitivityv e

r hown_in Fi gur e
steps are s Foig. 3 1I iﬂustl.!a eléj ax? gxp?z’ahdeSd’vigw’r otl\%n Mises Stress distribution near an edge of a

15  membrane, with p =1 MPa, g =4 and / = 10 pm; and
Fig. 32 illustrates the effect of temperature on the pressure-deflection response ofa

membrane with ¢ = 8 and /=10 pm.

Detailed Description of the Preferred Embodiments
20 The following embodiments are described in order to provide a more precise
understanding of the subject matter of the presént invention. While the embodiments focus
o a capacitative type sensor, ordinary workers in this field will readily understand that the
invention is equally applicable to other forms of pressure sensor such as:
i) Piezo-resistive, where the membrane is formed from a non-conductive material
25 ' and the piezo material is in contact with the membrane. Deflections of the
menbrane give rise to piezo-induced changes in resistivity (and hence current,
if a voltage is applied) that can be monitored electronically.
()  Resonant pressure sensors, where the frequency of oscillation of the membrane
depends on the pressure difference. The initial resonance could be activated by
30 using a time-varying electrostatic force between the two electrodes.
(iii) Force compensation pressure sensors, where an electrostatic force is applied to
maintain the membrane at the initial position. Once again the electrostatic force

between the two electrodes can be used to position the membrane.



13, 15, 18 and 20. Wen etching photoresistive material the solid black
areas of the nmasks are the regions that are renoved by the subsequent
etch. However, when etching nmetal and other non-photoresistive |ayers, the

bl ank or u&gq&%ﬁgmgieas of the mask denote the regi ongA@bosaba1y enoved.
Skilled workers in this field will undersgand which nmasks are 10 applied to

phot oresi st and which are applied to non-photoresist. Figure 4 is section
A-A" through the wafer 32 of a partially fabricated sensor. The silicon
waf er 32 has previously been ground to the required thickness and CMOS
circuitry 34 is deposited on its top surface. The final CMOS | ayer

provi des the bottom el ectrode 36 for 15 the sensor. Quard rings 42 are

formed in thg,dEt@lHe ais@Ntypay 8isS pRficil it eadoMBpes i dnd Uirhitation84 Pickbeesiutiae d
rings 42 prevent air or othér fluid fromdiffusing from tg)g subsxﬁague tly
et ched seal estnpas swgessodly welbkyqvq andjundersiged) Rutr @it dhese 95 exqficpaenals.

circuitry wh ' apr (& 8T 409ERN Sko 68t fr&fuirk Ndxstif imAériamet al

| ayer 36 is S %vﬁnl?lﬁsf)% Elféﬁ)a%ﬁ@v&&?h&tgﬁgﬁ %?pgﬁ %gi ons béeq ng etched away. 20
As' shown 5n Ehmpcit8ive serasssire fpiesHy rehysy angizhighly versatilp apd thereferg vhe preferigd o
deposi ted next. .Thi LS, f ﬁﬁﬂ [ and etching through to the
silicon subs?rpg?démﬁ?wmesb%é%{g |§%ﬁggxﬁ§ﬁé§l’s§g the dielectric etch and the
associated mask 72 is shown in Fig. 5. The mask represents the regions 46
that are etched. Following the dielectric etch, the sacrificial layer 38 is
25 etched away wth a different etchant which also etches the holes 33
deeper into the wafer substrate 32 (see Fig.7). Referring to Fig.s 8 and
9, the passi ¥4tsore] QL&Y €M7 i s then etched in a region 44 above the upper

contact to paBHeHsverrew bt bhiabpapaiohvhthe katsol Wit tkaleanitledivit tafadee to
(subsequently 30 deposited). shown in Fi.g. 11, sacrificial . .mterial 48
is then é@poglgll@@-tglgfuielzi ShPW%aQ%@WWS?cﬂg%O%%@pag flf%%ﬂsoﬁ?bﬁﬁ%} by the
diel ectric e oSk GRS dph R thOtah ) UG siiBh tdchitiliss tygicallf uieden 1O

b thd T 1%"‘9'58 &fos feges Ty

k
2006/ 042357 PCI7 AU2004/ 0 C . o 3 .
production of semiconductor chips. The fabrication steps are described in detail below.

The sensor 30 is formed on a silicon substrate 32, provided with sealed channels or holes
15 33, on which is deposited a CMOS layer 34. A conductive layer 36 is deposited on the
CMOS layer 34 followed by a passivation layer 37 as illustrated. The passivation layer 37
may be an insulating or semi-conducting material. A conductive membrane 50 is spaced
from conductive layer 36 to form a reference chamber 58. Roof or cap 54 covers the
membrane 54. The roof or cap 54 is provided with holes 40, or channels or the like, so that

20 the membrane 50 is exposed to tire pressure.

The membrane 50 deflects due to differential stresses. The amount of deflection for a given
pressure difference, depends on the membrane diameter and thickness, the nature ofithe . .
support (for exaraple, strongly fixed, weakly pinned), and the membrane material

25  properties (for example elastic modulus, Poisson ratio, density).

Both the membrane 50 and conductive layer 36 are electrodes, which develop a

capacitance, C, between them which depends upon the electrical permittivity of the

ambient material, e, the electrode spacing, d, and the electrode area, 4. For the case where
30  both electrodes are circular disks, C = e 4 /d. The sensor is then calibrated for measured

capacitance versus applied pressure.



sacrificial layer 48 is level and at a height which provides the requisite
gap hei ght between the top and bottom el ectrodes. The first sacrificial
| ayer 48 is then patterned and etched. The associated nask 76 is shown in

Fig. 10. SyFhhsndsdsshows the deposition of the upper dlcagdz0d@olsayer 50,
al so called the second netal |layer. Thi5§8 layer is etched with the mask 78

shown in Fig. 13, with the blank regions being renoved by the etch (see
Fig. 14). The upper el ectrode |ayer 50 beconmes the flexible nenbrane in
the finished sensor. 10 A second sacrificial l|ayer 52 is then deposited
(see Fig. 16), and subsequently etched. The relevant mask 80 is shown in
Fig. 15. Fi @rpplibariOVeniide deposition of the roof layer 54. It is then

et ched using nmask 82 shown_ in Fig. 1 it l.ank,ar eas. 1 e ed Fig.
Toy 15" The hirerh. 67, Suble dinithy T 1 Pttt P e SR B eguBE, 1) O
reverse si dg,@fiedoifoN@ERinvotved iff e fabdibatidiis: prestigre perhaciccatling toheext endi ng
through to neet ‘the openings 33 in accordance with the . k 8 ht.gm I n

Fig. 20. -5Thén@p’e¢n-ﬂé‘@H%kseﬂﬁéﬂﬁllqt?‘i‘é‘gl\%P‘F‘FFGQS&E’FiSfFP%?ISFhOWPNZ:?%‘TS 45’ 'ch is

exposed by tjae,deg Bchﬁ)c SLAE: phbiRestBGE inhictibbthe S0MdYldck lardas of themudd 20
by plasnma cléan’’ng (see Fig. 22) Fh

rough the dee etché%;. A&&sho in Fig.
23, the waf are the regipas fhat are naepved by thesubserenteieh. j FOwever Wagh sicpp me% j o
renoved through.the hole in.: Ve EithaskER aRRSDE BS Rafih@noevice, |t
needs to beangg@ﬁéﬁ%g?mﬁf%ﬁu%ggyﬁgg%g%1faééég?sphe waf er beingé@galed.
Ski | | ed wor kegisnsvibdt breappoedi &kidle Srothessin thiefield avlb updgrstendsviiet Haves s |

achieving this. However.. .in.the ef er. hadi et .,  the bottom face of
t he waf i?pg%eéilt%\ﬁﬁﬁ Fﬂa% @rCh%%en%ﬁgéﬁg\ﬁ%ﬁ%s %?scussed in detail
bel ow. Tenperature Conpensation 30 Differential thermal expansion of the

and ther ef orBting iSRSy Aot poeST TP Aot 22 b dgnitily HlBq AT A TIRILaE . o
With a | ar ey mes prvioudiaHeai pind tdihe senired thdmessany @4AS isiowine 34 is
deposited on its top surface. The final CMOS layer provides the bottom electrode 36 for
15  the sensor. Guard rings 42 are formed in the metallization layers of the CMOS circuitry
34, The guard rings 42 prevent air or other fluid- from diffusing from the subsequently
etched sealed passages 33 (see Fig. 2) through the wafer 32 to the circuitry where it can
cause corrosion. The mask 70 for this first metal layer 36 is shown in Fig. 3, with the
blank regions being etched away.

20
As'shown in Fig, 6, a passivation layer 37 and sacrificial layer 38 are deposited next. This

is followed by masking and etching through to the silicon substrate 32. This etch is known
as the dielectric etch and the associated mask 72 is shown in Fig. 5. The mask represents
the regions 46 that are etched. Following the dielectric etch, the sacrificial layer 38 is
25  etched away with a different etchant which also etches the holes 33 deeper into the wafer

substrate 32 {see Fig.7).

Referring to Fig.s 8 and 9, the passivation layer 37 is then etched in a region 44 above the

upper contact to provide an electrical pathway for the second electrode (subsequently

30  deposited).

As shown in Fig. 11, sacrificial material 48 is then deposited to fill the openings 33 into the
silicon 32 made by the dielectric etch. This deposition continues until the top of the



WO 2006/ 042357 PCT/ AU2004/ 001419 59 unacceptable. To address this, the
pressure sensor can be coupled with a tenperature sensor, with the
pressure sensor then calibrated as a function of tenperature. To
accomodat gt Bieayasan enbodi ment of the present inventigiyc@gogeiyeni ently 5
i ncorporate a tenperature sensor to accossit for tenperature effects on the
pressure sensor. A schematic section of the tenperature is shown in Fig.
24. Reference chamber 58, can be etched into the same wafer substrate, but

is not exposed to tire pressure |ike. the ad]acent ressure se L. Lnot
Shown) . 1 h_ ¢ HESRR BT BT T AEiEH TS BRYERS e R el R Syl
reference Sesqs, addorbtdi@kirol &S TR ishgacaRbil Tagert43els Mdn wlramegand Skhddl ed
workers in 10 this field will appreciate that the reference sensor can al so

serve as a tBegrssasiatadanask 78 syshoyp iHFiBHND- addition of circuitry calibrating

the capacitance to the tenperature. Referring to Fig. 24, the reference

sensor is nmade in the sane way as the active sensor excepé1 t hat _ t he_ hol es
e

40 are meile Fig thshowe fsrdenesitisn ofiihe upner slectiade 13y6b 0 jalsp spllastythe ggpaod metal

sacrificial i 2 i P of Hent eRfik + £b IS
removed wit hﬁg r'eg%ltg ay%ﬁ%%@%ﬁﬂlgﬁgt agﬁﬂ%%}%gﬁi%@}gﬁm%%hﬁ%nbr ane@é‘g. éAﬂg
al ternative temovéd by itle ¢tch ke Fig. hish.nBidbnense cBotrgdet larer Stnbecames, thegxitla e

second sacrificial.]l r. jal 52 from above the active part of this

| ayer, bef or’é’e“l}g‘ﬁﬂ%’inttg%ﬁm%@ts%b?he roof |ayer 54. This causes the nenbrane
50 to be bonded to the roof 54, and this configuration is nuch stiffer.
Therefore, the exact dinensiqns of the ref ] d,o be
adj ust ediQ o AreRAPA&EE ]gﬁiayggaéﬁglﬁ%??pgﬁ%e (g{?gl:nﬁégsﬁﬁﬂgc bis‘\a/q\é\lg{l'slﬂ tér}gg'er ence
sensors due fefevhiieraamio ¥ shovhwinadg. SISt ess changes in the membrane 50. 25
Tenper ature Conpensating Sensor Design . Figs. 27a to 27h show perspectives

of tenperature conpensating sensor at various stages of fabrication. As

best shown i pioFi Genaw? tHe@kpdsitiod 6 ehe.robtSyer 4.k trthen Getted asing inabls82¢hovadn. i nt o
the sanme wafer substrate 32 as the acti Vg, sensor 53. This enbodi nent has
further i ncFigatewithhiank areaviemoned €85 Bag™h by adding the top cover 60 over
the roof ;fayers 54 of the

The wafer is subsequently turned over for ‘back etching’ from the reverse side of the wafer
32, Fig. 21 shows a deep back etch 56 extending through to meet the openings 33 in
accordance with the mask 84 shown in Fig. 20. The openings 33 are filled with sacrificial
material 48 which is exposed by the deep back etch 56. The sacrificial material is removed

20 by plasma cleaning (see Fig. 22) through the deep etch 56.

As shown in Fig. 23, the wafer is again turned over and the sacrificial material 52 is
removed through the hole in the roof layer 54. To complete the device, it needs to be
packaged, with the bottom face of the wafer being sealed. Skilled workers will appreciate
25  that there are various methods of. acﬁieving. this. However, in the preferred embodiment,

the bottom face of the wafer is sealed using wafer bonding, which is discussed in detail

below.

Temperature Compensation
30  Differential thermal expansion of the components within the pressure sensor will affect the

membrane deflection and therefore the sensor output. If the sensor is used in an

environment with a large temperature variation, the sensor accuracy can become



30 active and reference nenbranes. The cover 60 defines separate chanbers
62 and 64 over the reference and active roofs 54 respectively. In this
enbodi ment, the roof |ayers 54 of each sensor stop smaller particles from

contacti ngwtohz yanes 50. The top cover. 60 provide , er
structural ri 91'5154]‘;%‘ltg whi | e protecting thesgenbrane and fcojg%lﬁg&g{ogﬁ%\o

2006/ 042357 PCT/ AU2004/ 001419 60 layers 54 from damagi ng contact during

i nstall ati on. However, even with the top cover 60, the sensor has overal |

di nensions that are small enough for installation ”fd,ts tire v | ve or
ek

val ve stem Bnasgepiabls. Tgﬁ%wsltmsaﬁhﬁpreszv@ SERSALFAILF © %\feéqfelf fthe tire
pressure, %Ig m&fﬂﬁ{é'%%ssur@éenb&tﬁeip&ﬁ&qtehesﬁhﬁcﬁdxfﬁ“t&ﬂﬁ:&m@e via vent 66

and channel le i't has not been shown in the figures, it will be
appreci ated that the vent 66 extends through to the back surface of the

waf er SUbS”%E %?mn s diﬁ% g%x%o&iﬁfen%@ﬁese%véﬁﬁ@@c&%oh%énﬂ&e pressure.

If the sensor to a sealing wafer (as discussed bel ow), the
seal i ng waf emctma:sratnﬁm?mﬂum segsor WDadeoing o1 femperaiierg Bffpdhomige arepyuEg nsor.

connect’ on i tsécft p BE (8 B Rrars?C ] SONEHEHE 24 RAdGRE LRIER SO

Usi ng the I| |ca y nas ng an eposition procedures of
sem conduct oetchédahiroltheaﬂaxmmafertsub&uamol&s isxiob exposeretn tifepressnes like dheladiseent | ow

cost tire pressure sen frog”;iPe Me%ﬁl%ogh%ﬁttsrtﬁe%%ﬁ%ggérﬁ&lsfé%Macﬁ%ed

devi ces for B%S‘Waf”r these Srpodinie roma naterial that
i's capabl e ofndMd ﬁeﬁﬁér&ﬂ%n@@:, ﬂhe\lﬂtﬂéﬁre&lﬁmlgmg@iﬂy&nﬂlenmimhmgas Skilbsddiarkamin  An

advant age_of su ire pre su ensor is relativ W C of
manuf act &9 e. ﬂﬁéﬁqﬁﬂ%ﬂﬁ’ﬁ@mﬁ*‘a a Te YRS Ser”ﬁorrfﬁﬂ SHEEET H1% e'égérg erﬁglzstsor f or
exanpl e, as ith @ abaoh ¥f &ibcltryaliplaffidihe SdpapiGanseOhhaismperdivse, or having a
featured surface. 20 Sensor Circuitty Figure 26 is a diagrammtic

representation of a capacitance sensing circuit where: Cs is the
capaci tance Qbgthf 180S0, 18ARRSNCO Sensor is made in the same way as the active sensor,

except that the holes 40 are made in the membrane 50 instead of the roof layer 54. The
15  sacrificial material 52 between the membrane 50 and the roof layer 54 is removed with a

back etch through the holes 40 in the membrane 50.

An alternative to this is to keep the membrane 50 intact and etch away the second
sacrificial layer material 52 from above the active part of this layer, before deposition of
20  the roof layer 54. This causes the membrane 50 to be bonded to the roof 54, and this
configuration is much stiffer. Therefore, the exact dimensions of the reference sensor
would need to be adjusted to provide a similar capacitance change in active and reference

sensors due to thermally induced stress changes in the membrane 50.

25  Temperature Compensating Sensor Design S ER ek
Figs. 27a to 27h show perspectives of temperature compensating sensor at various stages
of fabrication. As best shown in Fig.s 27(a) to 27(d), the reference sensor 51 is etched into
the same wafer substrate 32 as the active sensor 53. This embodiment has further
increased the structural strength by adding the top cover 60 over the roof layers 54 of the

30 active and reference membranes. The cover 60 defines separate chambers 62 and 64 over
the reference and active roofs 54 respectively. In this embodiment, the roof layers 54 of
each sensor stop smaller particles from contacting the membranes 50. The top cover 60

i)rovides much greater structural rigidity while protecting the membrane and roof guard



Cr is the capacitance of the reference capacitor (preferably nmade in the
same way as 25 sensor capacitor but non-sensing); and Cp is a parasitic
capaci tance to ground. VI and V2 are constant voltages reference voltages
provi ded tQ SWides 80. These may be chosen to be tv-@fybhfiRefhd cuit

power supplies or Tnternal regulated supgies. These 30 voltages are then
switched onto one of each of the capacitor plates charging or discharging
them The voltage V1 is fed to charge anplifier 84, a high gain device,

which anplifies the voltage to VO"t. .Vi rovides a nmeasur f charge
| nbal ance | lavsiest v dRmssesprict duinsdpualalie Ve PITY e S5E) 042557
PCT/ AU2004/ 084 4Q0r Had oveRliEfimbnsideR e 6le sfall ougR forGastdlatidh in;the teakivebe
charge anplifier 84 which forces Vin to a fixed voltage W and set the

charge inj ectabre @ know state with charge Qn. 5 The total stored charge,
Q, is: QL =C(V2-Vr)+Cs(t1-Vr)+O Step 2. 10 Connect O to VI, Csto
V2, and renove the reset fromthe charge anplifier 84. The out pgt fromthe
charge arfpl i 45 best wwinn Fign? icoshambly 62 in seabediran fhedise RFFUReRBBEICOAPRT ed to
the charge 6fﬂs%§ﬁo@%ﬂ t%‘fﬁéhrkp%&u}@ﬁawa{t% a1 168, DALBNARnsceh oW - =
Vr by injecting charge o - @2 15 The total stored charge, @, is

gi ven by: Qo the fuked, it will pe appriatedl thattherved 66 exéendh theqush &t the bady surfaggof 5q

t2 Bat the di gtihgz %rlafeg YiRhte 55,%&&?&9{3%6&@& Iﬁl@oﬁeifto Miré prbdbure. [k s&f@dr i§ O - Cs)

wafer bonded to a sealing wafer (as discussed below), the sealing wafer has corresponding

10  holes for establishing a fluid connection with the tire pressure.

Semiconductor Fabrication Technigues
Using the lithographically masked etching and deposition procedures of semiconductor
fabrication, it is possible to manufacture a robust, low cost tire pressure sensor from
15  Micro-Electro-Mechanical (MEM) based devices for use in a TPMS. The membrane can
be formed from a material that is capable of withstanding a wide range of environmental
conditions. An advantage of such a tire pressure sensor is the relatively low cost of
manufacture. The membrane can be formed in many possible geometries, for example, as a
generally flat or planar shape such as a disc, or having a featured surface.
20
Sensor Circuitry
Figure 26 is a diagrammatic representation of a capacitance sensing circuit where:
C, is the capacitance of the sensor capacitor;
C, is the capacitance of the reference capacitor (preferably made in the same way as
.. -25  sensor capacitor but non-sensing); and , e S s

C, is a parasitic capacitance to ground.

V1 and V2 are constant voltages reference voltages provided to switches 80, These may
be chosen to be two of the circuit power supplies or internal regulated supplies. These

30  voltages are then switched onto one of each of the capacitor plates charging or discharging
them. The voltage Vi is fed to charge amplifier 84, a high gain device, which amplifies
the voltage to Vou. Vin provides a measure of charge imbalance in the circuit when it is

operated as follows:



The control logic 86 nay operate an iterative procedure to determ ne the
required output to obtain this charge difference, at the end of which it
wi |l produce the required digital output. The voltage on Cr is the sane at
the end of (3tep 1..and Step 2, and so ideally, does notpeHeR8doidfst eto the
digital ou mﬁ. %ﬁ?ionally, t hese stepsggan be repeated and an averagi ng
applied to the digital output to reduce random noi se. Furthernore,

additi onal steps may be added to the above idealized case, in order to

i nprove accuracy of the circuit. 30 Sensor Installation and Power Supply
Figures 25a to 25d schematically show the installation of the sensor within
the val ve stgﬁ% of a car tire. The pressure sensor can be nounted in other
| ocations inc Jin the val ve WO 2006/ 042357 PCT/%#é?gﬁ/O 419 . 62 head,
the tire wal ConneseCuthd®h Chigly lamrsetdhe dhareeiaaybitier 84 wineh fostes Vinf@ P JX&€0) i d
structure of ' : i WS i@ht conponent for
automat ed | ngélg‘l‘\%f:x’/%d/ngg@h? eﬁ@gﬁtg%{ro'ilgﬁ” he%vr‘r’g?gﬂﬁ%e ?lnrl]e stemcl oser to
the centr& of the wheel than the rest of the tire, the acceleration forces
on the senso nerat ed egl rotation are less. 5 As best shown in

Fi gures 25b 2%%5ﬁ§§$“§ﬁ23§%ﬁ§6§-96 is mounted in the valve stem92. A

smal | recess is cQeatBVAVItQE/ vEWQustem wall 94. A thin layer of
hard-setting adhesive 98 is applied as a coating on the recess walls. The
sensor chip 96 is then adhered into the recess wth any excess adhesive
renoved bef oggptohe adhesive 98 is cured. 10 Power can be supplied to the

sensor chip 96 in n r fashi ons, including,.but j, M , a
| ong- | i f d0palerpsst @ﬁe% ﬁotﬁ%’?-’ =eYe fhy T?Sﬁte#%ﬁge"h%‘tg% anlg%qef %%'T,[ﬂeg&“g‘ﬁ
long-1ife bgbhany cHaecringfifiens4 b eronfdre@byérdoftih] 86 and feedtack appliskale ener gy
beamed to an el ectromagnetic tr%hiducerajrqgf@n.e eLQﬁL sta%ionqlThe
enbodi ment s BRARRE injsclor Wégat the total charge 1s balanced forcing Vi, = V; by mjecting a charge

of Qu — Qe.

15  The total stored charge, Q, is given by:
Q2= Cr(V1-V) + Cy(V2-V) + Qp

Feedback forces Q; = Qs, so that the digital output from the control 86 is:
Qu — Q= (V1-V2)(G-Cy)
20
The control logic 86 may operate an iterative procedure to determine the required output to

obtain this charge difference, at the end of which it will produce the required digital output.

The voltage on C,, is the same at the end of Step 1 and Step 2, and so ideally, does not
. 25  coniribute to the.digital output.

Optionally, these steps can be repeated and an averaging applied to the digital output to
reduce random noise. Furthermore, additional steps may be added to the above idealized
case, in order to improve accuracy of the circuit.

30
Sensor Installation and Power Supply
Figures 25a to 25d schematically show the installation of the sensor within the valve stem

of a car tire. The pressure sensor can be mounted in other locations including the valve



15 25a to 25d is the latter. The pressure and tenperature are sanpled once
per second, or at any other rate as required by |egal or commerci al
obligations, and the results are displayed on the dashboard tire sensor

di spl ay 10§K“5@&?§g7as | evel nonitors 104. If the tirepPfRERW /R4S Out si de
the | evels specitied by the tire manufackpgrer for proper tire functioning,
or indeed any other limts which arise fromlegal or comrerci al
obligations, the specific tire 90, or 20 tires, will have an error shown

in colour (eg. red) on the car  chassis synbol 102. . the power, is_.supplied
to the sensog@dg@e{}&e W@t&lq Whegl R 5 &% | ?‘ﬁ"eve%gﬁ?s%i"[lﬁ%l% B?]@f#ﬁ%e O\f\%lj: I d

i nclude a | oy, batd:g makbd e ieMARE contEtidht ﬁﬁﬂﬁacbﬁntcf@ﬂm&hﬁm inytalbation bF tsi nat i ng
the problemsignal 102 in a different co

our (eg. purple). 25 Low.
Mass/ Conduct pepsorCEpahsraonasihesien Plﬁse&tqféﬁﬁ?%logﬂleéﬁhge&{fig% rest ‘Ht’g%‘é'ﬁsor has
a menbrane tRat, .l |68 oS §dnBdr! énate & BYPAUEH ritRicaQk@RES conpound, for
exanpl e, titta}%iaﬁén%%eﬁﬁornifg%, QI'i N. Thg%geagfgf/El\/B- based sensors reduces the
effects of acceleration due to the greatly decreased nmass. As an 30
il lustrative e i B el EbN AR AR in Mk VilvEgaRIoEYAOf 5450
kgm 3, radiu@g%%¥gggwﬁﬁ?§%g&%ﬁ§c neggﬂg “5.5 m shouFé expgrienqe a force
of 0.2 N duesthal moess #oweitariathonlefstet08dh94. do ¥t ofihari-seftipgrdbhesivg 98is6 N
for a pressure .of 207 kPa ppr.oxi fmt L be i L E Db S d bniPine ReelOr
standard tir &PRUg F%%?%ﬁﬂ%?%ﬁ%ﬁ%ﬁ? exﬁ%%?%gggi 65%%%?%%5357 63
PCT/ AU2004/ 094# 8y exabssiddresiverbmaved befosethe aditekiae 98 fircusddf ect of accel erati on
I's negli gi bl e conpared to that of the pressure. Ti N has been found to have
a surpri Pngly high yield strength conpared with other knowmn 5 materials
used for Cap?ﬁ‘ivériddﬁbé&;p‘pﬁédﬁ&ﬂ@icﬁm&hip'ﬁhima AEkes off fashiohy, aisldinfobutnee i n a
wi der range_of stressful,, harnful or danger.o envi ron ..1Jhis:al so
nmeans t hat uH@@Pd?EéffH‘&TIﬁeb%Wg{“P'f ﬂﬁg’?flﬂ@’?fﬁi]ﬁg@%"%&é@? ggﬁr?%’ial{fm I(?)fﬁ"l d have

greater |ifepif@plocasPRREvatid kead 52 3R G@iCreARAS dnkies bpaealsone sensors. 10

The sensor nenbrane may be co osed of ot her Cﬁndu%ti.ve-c%ranic .corrg)ounds.
I n clectromagnetic transducer from an external station. The embodiment shown in Figure

15  25ato 25d is the latter. The pressure and temperature are sampled once per second, or at

any other rate as required by legal or commercial obligations, and the results are displayed
on the dashboard tire sensor display 106, marked as level monitors 104. If the tire pressure
is outside the levels specified by the tire manufacturer for proper tire functioning, or indeed
any other limits which arise from legal or commercial obligations, the specific tire 90, or

20  tires, will have an error shown in colour {eg. red) on the car chassis symbol 102.

If the power is supplied to the sensors 96 by long-life batteries, the sensor display 106
would include a low battery indicator. This can be conveniently by illuminating the
problem signal 102 in a different colour (eg. purple).
25 . oo . T
.Low Mass/Conductive Ceramic Membrane
In a particular embodiment, the sensor has a membrane that is at least partially a
conductive-ceramic compound, for example, titanium nitride, TiN. The use of MEMS-
based sensors reduces the effects of acceleration due to the greatly decreased mass. Asan
30 illustrative but non-limiting example, a TiN membrane, with density of 5450 kgm™, radius
of 50 pm and thickness of 0.5 pm, should experience a force of 0.2 N due to an
acceleration of 1000g; compared with a force of 1.6 mN for a pressure of 207 kPa
(approximately 30 psi), which is typical for standard tire inflation pressure. The low mass



particular, metal-ceramcs, for exanple titaniumalumniumnitride (Ti AIN),
titanium alumniumsilicon nitride (TiAISIN), tantalumnitride (TaN),
tantalumalum niumnitride (TaAlLN) or the |ike, have suitable properties.

These net 0] are hard wearing and form a tougbgrAdbot ey ace
oxi de. Thgév;())?g{@g}tslgf/e oxi de gives the se&isors good robustness 15 and

| ongevity. Metal ceramcs are well suited to deposition by sem conductor
fabrication techniques. This allows the sensor to have a thin nenbrane

(0.5mto 5m with dianeters_ ranpgi from about. 20..m.%0

di scussed beilféh@,m@?hfﬁper?é‘ﬁ‘lf%ﬁ%‘stgg?‘fg%@f{a@&a?t}ﬂné? ﬁ%\gfhglsbﬁer cé)gﬂg)g%d?ar féﬁsorfapi d

cool i ng, and[héﬁgguf@ss for limting acceleration effects. 20 Squeeze Film
n

Danpi ng According to anot her possible enbodi nent, an electrode in the
sensor can be provided wth holes to prevent squeeze fil m danpi ng. Squeeze

fil m danpi ngy; UOER th BSve SRR 16@ sFengtH gongpatedavithmothdnéneimt i C
el ectrode. %E@%%%{é%gure (;c% tr?e fl uisd@%rel?l%e%n the 25 ne%%?ne and t.@e static
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e e etween the fixed el ectrode and tge.tgynam' C
el ectrode ( nembitiameinefibonesmade oo FiN shouldderogieater Lisaae AP ¥ Phem The
fluid nust 30 still renairerggge_ge% gd within the sensor, however, letting it
escape from BEGESAPIHEC BE5LT iG T aces of the menbrane and the fixed

el ectrode avoi ds squeeze fil mdanping effects. WO 20061042357

can af folt i The SRR BERPERE THY OF ROPETaS o s o o T The
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(TaAIN) or the like, have suitable properties. These metal ceramics are hard wearing and
form a tough, thin surface oxide. The protective oxide gives the sensors good robustness
15  and longevity. Metal ceramics are well suited to deposition by semiconductor fabrication
techniques. This allows the sensor to have a thin membrane (0.5pm to Spm) with
diameters ranging from about 20 pm to 2000 um. As discussed below, thin membranes

have less internal stresses from rapid cooling, and less mass for limiting acceleration

effects.
20
Squeeze Film Damping
According to another possible embodiment, an electrode in the sensor can be provided
with holes to prevent squeeze film damping. Squeeze film damping occurs when the
membrane deflects very close to the static électrode. The pressure of the fluid between the
25  membrane and the static electrode rises and restricts, or-damps, the membrane m_otion.

This can severely restrict the dynamic response of the membrane.

Channels or apertures can let the fluid between the fixed electrode and the dynamic
electrode (membrane) flow away from the narrowing space between them., The fluid must
30 still remained sealed within the sensor, however, letting it escape from between the

opposing faces of the membrane and the fixed electrode avoids squeeze film damping

effects.



5 material co-efficient of thermal expansion. These stresses can deformthe
menbrane and change its deflection characteristics under fluid pressure.
This in turn can affect the accuracy of the pressure reading. As discussed
above, raphi ¢ deposition of the conducti ve~g&issi@ia&nbr ane

al | ows It&$8Qggm%%§§ thin - typically ofe4 he order of %FS m t hi ck. The
tenperature profile 10 across the thickness of a thin nenbrane is much
flatter than that of a relatively thick nmenbrane. The nenbrane cooling is
far nore uniformand the internal stresses are largely elim nated.

Lani nat ed VelirsreglSoessesasked | it hographi c deposition also allows the sensor

to have a rqiéfdh%lesltﬂésstlﬂ i ERIHRE SR atleOfiREBMon AR deksfge dundiuhant thevhi | e
still avoidi'ng t robl ens of residual thermal stre S%FS B&aﬁg t he
i PP

nmenbr ane as S&nﬂoamﬂa’t fabrieatien SupREFRised YRIEPH Fevseetf TeEifidlss Iy

thin enough &1& gxl %5@@1\3@&1‘&{ tepbiafiPe, RUA ghreatd tliéﬁﬁaﬂs&ﬁés&ﬁi:l@rclﬁ)rﬁdnfﬁmtm ent |y
strong. 20 R depositin Iayers of the sane c qucilve ter|

t he indi\4 duamemaaycereﬁkmn ofytherraal |eapansign.s Jhes§SESseHFAR F’PFé‘E
provide good resl ﬁst g\r%%tl&:? cﬂﬁ‘ﬁ&&lsﬁ&vhﬁ&?% ressupe. ﬁﬂ'@ﬁp{&n ahi effeatibe

| ayers of Ti or various ot conbi nations of netals and

ceram cs, fOe[ccﬁX@r’q:ﬂtRpr&'ssumnchﬁhgl\l 25 Lam nat ed Roof Layer Likew se the
r oof Iayer 54 may al so conposed of several different nateri al Iay% for
exanpl e, si | Asdiscusieti mbae, mBikeMtithograghis deposiian af g conductiyecyeramig BebroR;

avoi ds resi dﬂjﬁ s i t?gé‘q%%@s%;?% aflgoﬁﬁ’leﬂ-d’é%f"‘é5%&&§%ﬂeﬁeﬁﬁgaﬁ@%’rﬁé5 To

per mt an ex rmance o nbr ane capaC| tive
Sensor, @  across the thickness of a thin membrane is much flatter than that of a relatively thick

membrane. The membrane cooling is far more uniform and the internal stresses are largely

eliminated.

Laminated Membrane
15  Masked lithographic deposition also allows the sensor to have a relatively thick membrane

for harsh operating conditions, while still avoiding the problems of residual thermal
stresses. By forming the membrane as a laminate, the separately deposited layers are

individually thin enough to avoid residual stress but the final laminate is sufficiently

strong,
20
Instead of depositing layers of the same conductive material, the individual layers can be
selected so their collective properties provide good resistance to harsh environments. For
example altemate layers of TiN or TiAIN or vatious other combinations of metals and
ceramics, for example, Ti and TiN. -
= ng A

Laminated Roof Layer
Likewise the roof layer 54 may also composed of several different material layers, for

example, silicon nitride, Si;Ng, and silicon dioxide, $i0,. Again, this avoids residual
thermal stresses.
30
Simulation Results and Analysis
To permit an examination of the performance of a TiN membrane capacitive sensor, a

series of numerical simulations have been performed using a commercial finite-element



series of nunerical sinulations have been perforned using a conmerci al
finite-el ement WO 2006/ 042357 PCT/ AU2004/ 001419 65 nodel | i ng package
called ANSYS 5.7 (http://www ansys.com). Axisymetric nodels were used to
reduce CO”%HE@&@%?'} time. This required a symretry bopigadess@ixgs tion at
the centre of e nmenbrane, whilst the eeyye of the nmenbrane was held fixed.
A square nesh with one thousand nodes distributed equally across the

radi us was enpl oyed, and 5 meshes with half the nunber of ceI | s exhi bited

| ess than 5% di ffere | tress and ectl I scussed
above, a MEMBofcting ﬁ@%é%@wm Ic?)mg 8 A%e hi ck
layer of Ti Nyt@ u&e@rtmeaueam{pmﬁonmmmnamea h egfuinetny bdunﬂarpmmhmn ates
sufficient 10 variation i n capacitance. t andard er vehi cI e,
the pressur efhapptead thegnambganceyhiish fe elge ?Sl;g? E‘SIIHF”?”‘E)E{”I ?Fl‘fﬁ’éedremfﬁ

psi, allow ﬂ%?%%&?&e%éugina n%érdaénriﬁdtai é(ﬁ@lly aoP$6 Bledhdigs W dmpmaa atnheor y

(see Young, udynas Roark's Formul as_for . Sfress, and
Strain, Bh Emhm‘ﬂﬁhhiﬁfth b@@ﬁ?ﬁﬂsteﬁ@b@ﬂﬁ?sdh@ Yaditfpeencein fc')’tna’éfmé‘ﬁbm fic
deflectlon %essa%ﬂ d pressure, P, is given by: 15 16/skEt' 1/4 R -
{3P(1-v2)} ( ere |s t he nodul us (approxi mately 500 GPa for TiN), t
I s the nmenbrane thlckness and v is Poisson's ratio (0.25 for TiN). For

h I
these val ues,l ek SshAHAVL o LR AR Drdcbiurs itle Becd cepfitBo Fleuiar [ ati on

of menbrane ssure is shown in Fig. for a
menbr ane r adiaya of Tids6 form ThembempaAi rscmbrbm deflestioniofi 6 aym propideesudiciensnt nodel

(FEM an I|nea t heor | S_qH

def | ect i g(h p‘r’aé’g iopin %%%ﬁ%ge %reacf)%@%r%r? %’egér%hrﬂé ﬁ%%ﬁ%;ﬁ'bﬁl&eg 1:P%)ortant to
i ncl ude t hesgembiand ist@adalie bé Goths ranen - Aépsxgmiomg@fomm%itirg ovérrieflafioessur e
sensor. According to linear theory (see Young, W.C. and Budynas, R.G., Roark's Formulas for

Stress and Strain, 7> Edition, p 488, 2002), the membrane radius, R, for a specific
deflection, 4, and applied pressure, P, is given by:

_ | 16AE?’ 14 M
" 13pa-v?)

15

where E is the modulus (approximately 500 GPa for TiN), ¢ is the membrane thickness and
v is Poisson's ratio (0.25 for TiN). For these values it is found, from equation (1), that R
20  ~50pm. The variation of membrane deflection with applied pressure is shown in Fig. 3

for a membrane radius of 50 pm. The comparison between linear finite element model

(FEM) and linear theory is quite good.

At very hlgh i)ressme, the deflection-pressure response becomes non-linear, and it is
25  important to include these non-linear effects when designing a working tire pressure

SCISOT.

Non-planar Membrane

It is possible to extend the linear range of the device by corrugating the membrane. Figs.
30  28aand 28b illustrate a possible embodiment of a non-planar membrane 50 for usein a

TPMS sensor. The membrane 50 is generally circular in extent and is provided with

corragations formed as annular ridges 22 on a base region 24. The number and spacing of



Non pl anarMenbrane It is possible to extend the linear range of the device
by corrugating the nenbrane. Figs. 30 28a and 28b illustrate a possible
enbodi ment of a non-planar nenbrane 50 for use in a TPMS sensor. The

menbr ane 5‘9/05?06%%?{ ally circular in extent and is propdashoddodoiyio
corrugations tornmed as annul ar ridges 2&6on a base regi on 24. The nunber
and spaci ng of WO 2006/ 042357 66 PCT/ AU2004/001419 annul ar ridges, and the
i ndi vi dual shape of the annular ridges 22, can vary. Also, differently
shaped annul ar ridges 22 cou).d. b rovided on a.singl ion 24. In
the parti cmﬂawa%?%éﬂiaﬁ%ﬂ]?’? IWGEQ?F]%PEB%&FWUE FoEG4 i(garl?s §r’ éﬁ%gr med to have
a squar e- shapgshendy Aaseieasdliraiugbs 17 @id 1 préedsirira snghebaesgangds In the H and
t are also illustrated and are 5 referenced in the.follown ee_gl%s&ions. For
a circul ar rpsmtisulenembediment distirted tharorgalons Aty LMy (LDAVE ASLEIGHIPET sed
annuli on t h&oé@@&{oﬁﬁ?ﬂﬂl&”&é&n@%ﬁ‘c I%alrémaére atieH ahid e glso ARistratedartdheor et i cal
nmodel for the non-linear response for a c_orrugat%d menpr ane i§: 4 3 Eta =
An(-) + Bp(-tefegeied inthafhliowingequatipns. Fopg cirqulay membrage, this agoyntsiq /) o1 32
L 3-v 4 BRplfslef o(Hietof Fiisd) akduli e fackibohdo gofilias Unibtrdiodin . 265)  The
variable q i's Fererred to as the corrugation quality factor, s is the
corrugati on Atigordien gtadgl fbr the netmlinespraseryse fo5.A coyargaisd MERPTHSIE  he
corrugation height (refer to Fig. 28b). For right-angled corrugations, s
=1 + 2 h. For a flat nenbrane, g = 1. To include non-linear 20 effects in
the finite el enent cal cul atpgpnh, thegAdyad iawpplied over a number o(f
sub-steps and an equili brig;grs“f)l%ﬂe(i‘toﬁﬁ%p[s"p ght for each sub-step. 2i’he
results for the non-linear

10 where
_22Ag+ 2 g+] 3)
Ao T 30 -/ o)
_ 32 E_ _ 3 - v @
B =P —9[6 (q—v)(q+3>]
and

_s HY 5
15 q—l{1+1.5[t)} (5)

The vatiable g is referred to as the corrugation quality factor, s is the corrugation arc
length, ! is the corrugation period and # is the corrugation height (refer to Fig. 28b). For
right-angled corrugations, s = {+ 2 k. For a flat membrane, g = 1. To include non-linear
20 effects in the finite clement célculation, the load is applied over a number of sub-steps and
an equilibrium solution is sought Tor each sub-step. The results for the non-linear '
simulation and theory are also shown in Fig. 29. The response becomes non-linear at
approximately 30 kPa, which is well below the maximum expected tire pressure. The non-

linear finite element simulations match the linear and non-linear theories below and above

25  the critical point, respectively.

To assess the effect of corrugations on sensor designs, finite element models were
constructed for two different corrugation petiods, / = 10 and 20 pm, and two different
quality factors, ¢ =4 and 8. This resultsina corrugation height of approximately 0.65 and



sinmul ation and theory are also shown in Fig. 29. The response becones
non-linear at approximtely 30 kPa, which is well bel ow the maxi num
expected tire pressure. The non- linear finite elenment simulations match
the |inearygngyn@iz] i near theories bel ow and above 2%dMg6dsdebisgal point,
respectivév&. 0 assess the effect of co®Fugati ons on sensor designs,
finite el ement nodels were constructed for two different corrugation
periods, 1=10 and 20 m and two different quality factors, q = 4 and 8.

This results.ih a.corr td on_hei ght .of I.O%J I .

2006/ 042357 &5 HEHF R ER b osnrg Ve, T g‘ﬁg&‘? E@?‘%ﬁ&*éf?ﬂ?a@%%c A The
resul ts in Figlud3@on-lifkdae affetd fopihe iptesiuse nageansidsred berej matlingerity eiould dgar
effects for the pressure range consi.dered here; non-linearity should al so
be present d Epiege“faléetf’g'l‘ed%rggﬁ% ?rogf’gludicafnﬁrsd%m?r“%&% the nodel. 5 The
results of the finite elenent sinmulations are conpared with the theoretical
nmodel in Fig. 30. Thi.s shows that corrugation factor of 8 wll .extend
the |1 neasi t J neresiliset G fiuie clspent SmuhHas s Loarasainies terrivlmodeldt

appr oxi mat el ¥;pl 3/Phyis éliou@lﬂ%aé&mflgﬁﬁémﬁbt_o% HES wildxkehg Wd 1fRaf§of 8@ seaesu ot

have a strong effect for the con |?ur ations exam ned herein, 10 The maxi num

Von M ses st Feansippbisdnressure differgicnpf appravimtely 1P b alsp mprateat s | ecti on.
The stress i %oﬁgsaﬁ&gé]e&i%& Q0ksHBRhavk RS trbt GdcOfdr Ak chiifukR0BE ctbigdterdde
out ernost corrugati wth progressively | ess stress on the inner
corrugations (see Fig. 31 for a typical stress distribution). 15 The
coef ficiept dae:! ' F ekl N, LS, y 'gﬁbzgﬁgns
t hat , fo?at hGeFile I;ng’gge OY&F%%@%%%%g%ﬁga%%ﬁ%Eé%% L# g]st',ﬁcﬁ?él? Ir'faw}gzleidy i nduced
stress m ght The steess is kenceatraal neacthe junctiorost theltheersidead thegfutermapiepapgation on t he

sensor response is examned.in Fig.. [ B 1 = | =
Torm The. r ana PR FSE s b B ks clpeRionS RREBls. ¥ e ol 1 2
consi der ed agistribpti@dent ati ve of the heat-up cycle which occurs when a
vehicle 20 initiates a journey in a cold environment. It is seen that bel ow
100 kPa pressure difference, there is a strong effect of tenperature. At

hi gher appl i THe fIcEmSet 6Stherinapbxahsi fop RN B19.4010° KA ewhitle mends tedty fosthes are

swanped b ressure-j nduced stresses and enper at ur as
P y prange of likely operating temperatures, %erma& yei\nc{ucerﬁ) stress m_lg%t Qter the sensor

deflection. The effect of temperature on the sensor response is examined in Fig. 32 fora
sensor with ¢ = 8 and / = 10mm. The range of temperatures T examined, from -20 to + 40
°C, can be considered as representative of the heat-up cycle which occurs when a vehicle

20 initiates a journey in a cold environment. It is seen that below 100 kPa pressure difference,
there is a strong effect of temperature. At higher applied pressures, typical of operation,
the thermal stresses are swamped by pressure-induced stresses and the temperature has

little effect on the sensitivity.

25  Thus, a corrugated membrane sensor has a linear response in the region of interest. The
small size of the sensor means that it is suitable for installation in wheel hub/rim valve

stem and valve cap systems.

Wafer Bonding
30  As discussed above in relation to Fig.s 3 to 23, the deep etch hole 56 needs to be sealed to
maintain the fluid beneath the membrane 50 at a reference pressure. Typically, the reverse

side of the wafer 32 is bonded to a sealing wafer.



little effect on the sensitivity. 25 Thus, a corrugated nenbrane sensor has
a linear response in the region of interest. The small size of the sensor
means that it is suitable for installation in wheel hub/rimvalve stem and

val ve cap Wafer Bonding 30 As di scussed abovepdmmuedsbison to Fig.s
3to ﬁ}l)%d’%yeﬁgmgtch hol e 56 needs tod8e sealed to maintain the fluid

beneath the nmenbrane 50 at a reference pressure. Typically, the reverse
side of the wafer 32 is bonded to a sealing wafer. WD 2006/ 042357 68

PCT/ AU2004/ 001419 Unfortunat el simply_ usi.n f ®dheshye to bond
a main wafeﬂjqf@fmﬁ@ysﬁgpiyd&mg\ﬁa‘%b?n@é’aﬁ%?”gﬁ ?@l%ﬁ%ﬂwﬁé re erence cavity

(i.e. fluidyhgaeatdt s&ﬁﬂ&eﬁfem%?éfeceﬁ&)caﬁqe@s ﬂhﬁd bergith thei membraus ) sevks ’f?r essure
to ensure a mnimumof calibration drift,. 2 @_ﬁ)l%ondn Tﬁgﬁg@{n

per meabl e t anaiftein a RN RRGEUFEIS GRTUTT HIPHERRELE © Into the’refer ence
Ca;" ty ;5 be%ﬁﬂésﬁre‘?{jglérﬁigabtlé o GirPHEIRE Hfa? restll én lehiage 6wilan'@ah@$ﬁara1cpewm’abl e
material is given

= P12AAP L where Pl errre bility of
t he mat esi albecatisé of thtdrepuassure elher B‘Fe S ARETEIE Fmégfﬁglslg@ve’i ‘to the
pressure difference, AP is the pressure difference and L.is the flow path
| ength. The perneability of nost polyners is of order 10-21 nB (STP) nms 1m
2Pa 1, so for a pressure éfféﬁzé-‘»ﬁ(-i?e = 300 kPa, cavity radius = 50ng) seal
hei ght =10m and seal (flow)™ I'engtmh 10m..the flow rate is approxi mately
9.4 x 10-20 nB s'. 15 If the cavity height is 100 m then the total cavity
volunme is 7.9 x 10-t3 nB, and approximately 100 days woul d be required for

e, [ ef e enage) i nPhERBMIIRy LPIR Ak e sifice atdaesftherrmtm@smgl
st this

able for testing pl pose
devi ce Lﬂmswtbénbnrcssmétffqrm%&fsléthwsﬂﬁﬁfi DR g lsélbeatjlrl ﬁagﬁli(eggﬁr Se°si de

of the wafer is SEREQ1 oW h(aip ﬁlts111ﬁ212e0' sd focesseart he pat h
| ength for Ipeegfggaégﬂ?}f‘ﬁlﬁogg&glge%q? Ity of pol (merz s ab Etf tl réﬁf | ess
difference = 300 kPa, cavity radius = 50pum, seal ght— 10pm an Seal ow) le

'10p1m, the flow rate is approximately 9.4 x 100 m? s,

15 Ifthe cavity height is 100 pm, then the total cavity volume is 7.9 x 10 m?®, and
approximately 100 days would be required for the reference cavity pressure to equilibrate
with the tire pressure. Whilst this may be suitable for testing purposes, it would make such

a device unsuited to practical use.

20  Another way to seal the reverse side of the water is to over-mold the sensor with plastic to
increase the path length for leakage. The permeability of polymets is about ten times less
than that of adhesives, and so a ten-year seal would require a seal length of approximately
0.5 mm. This is too long for a MEMS device that is less than 50 um long. To maintain the
high yield and versatility of the pressure sensor as a MEMS device, a d1ff;qrentsea1mg

25  solution is required.

Wafer bonding offers the possibility of a hermetic seal at the cost of a slightly different
fabrication procedure. The most prevalent forms of wafer bonding are: direct wafer

bonding, anodic (electrostatic) bonding and intermediate layer bonding (see Table 3).
30

Type of Bond Description Thond Surface
O Finish




than that of adhesives, and so a ten-year seal would require a seal length
of approximately 0.5 mm This is too long for a MEMS device that is |less
than 50 pm | ong. To maintain the high yield and versatility of the
pressure s&g? A MEMS device, a different sealing p§aagbddfob@d i S
required. er bond| ng offers the possigbility of a hernmetic seal at the
cost of a slightly different fabrication procedure. The nost preval ent
forms of wafer bonding are: direct wafer bondi ng, anodic (el ectrostatic)

Descr i pt | of DiGoWaIoe(h EaBen ( CRPR SFOORbE) 043907 1ML A D004 Both1e 60
Direct Wafar (Si Fusion) Reac|inwfcobtatiim@ashigh ought] 800- 1100 <0.01 m |into
contact under high tenperaturg Anodic (Electrostatic, H gh voltage (0.5 to
1.5 kV) _20(-1900 < Ilm Mal | or ytempefeREs) appl i ed agross both wafers
one or G ad e TP CSRSY or L aEE (B L T b g ¥ 75wy form
when tenper a\ﬂalloeyﬂmdesél)o 600 mlmdjamsebgthrvéaf%rﬁe dppl i ed BGB* PDVS (pl asma
treated) < rmtern:ll-edlate Ifayer 250 YRR tatperdtaie VD 4O 1 pm
Au-Si material applied to one or
Glass Frit both wafer surfaces, bonds 363
(e.g. Corning #75xx) form when temperature and | 400-600
Au-Au pressure are applied
BCB*
PDMS (plasma treated) <400
Tin, SizNy 250
LPCVD PSG 25
APCYVD BO
Boron-Doped Si 100-3007?
Organics* 1100
450
450
<200

Table 3. Wafter bonding techniques. BCB = benozcyclobutene, PDMS =
polydimethylsiloxane, PSG = phosphosilicate glass. * = unsuitable due to porosity.

5 In the first method, two ultra clean surfaces are brought into contact after they have been
activated (e.g. the surfaces are made hydrophilic or hydrophobic); the bond forms at
elevated temperatures (near 1000°C). In the second, the two wafers are brought into
contact, in either vacuum, air or an inert atmosphere, and a large voltage is applied across
the wafers. The bond forms because of migration of ions from one wafer surface to the

10 other. This method has relaxed requirements in terms of surface finish, which makes it
more suitable for bonding two wafers that have undergone a series of fabripation steps;

however, the high voltage may damage CMOS layers. The third option employs a layer of



Bor on- Doped Si 100-300? Organics* 1100 450 450 <200 Table 3. Wafter
bondi ng techni ques. BCB = benozcycl obutene, PDVM5S = pol ydi net hyl si | oxane,
PSG = phosphosilicate glass. * = unsuitable due to porosity. 5 1In the first

met hod, tV\Q,O%%ﬁr s&4 ean surfaces are brought into contgels@bssfoihidey have
been activate 0?2e.g. the surfaces are ngde hydrophilic or hydrophobic);

the bond forns at elevated tenperatures (near 1000C). In the second, the
two wafers are brought into contact, in either vacuum air or an inert

at nosphere, and a _large voltage jis appljed acr h nd

f or rmsIobecaus]@""d‘f'le Wi‘gj?"g‘%tlnéﬁﬁer@? geﬂ"r%g‘?‘iﬂ%?é‘e%g‘étﬁw %Fﬁ {’%n %0 ot her .
Thi s met hod Hagrshed @t RSintRNR McBedatt thiepdrBuat agdihb acel forms aih’he whi ch
makes it nore suitable for bonding two wa ers t hat hav under gone series
of fabri catibierfaesqnse prepwiely applieg: h%h‘ﬁF 815 DA AL e&&ﬁ&&é"@”& 3
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| ow nel ting point nater ep05|ted on one or. bath rs on the
cont act fhcetheﬁh&vamgmﬂdlﬁﬁtéﬁﬁf?f&bi@hﬁleﬁﬂﬁés%@}?ﬂ@@glcé@glﬂrﬁ%l@lg@t n BEper at ur es
and the bond forns at the interface once pressure is applied. There are
many different materials that may be used to formthe |nterrred| ate | ayer
(e.g. Si3N4 TheNpvenfibemiaptlso hesh@toéardwd;beqonmttln@v rovte eleatepts and fegfires

di sadvant age irect t age)
bondi ng. Th@%@‘?&&h‘f %%cah%d;}heé%& ugcge saf %eelldl y g glﬂg;?&?irrllgdtibr?\éggarts

el ement s andmfoecatxntrresfthe pﬁrfs; éledertoordeatins) mdmé@remlpe&nﬁ\c infegetis wiequentiopedor
coIIectlver i.n conbinatiog r.

el enent s1®r " hegeip 3’%&%’ ha‘é% Weerqgﬁvﬁleatf)&tﬁ??% ]%l\gﬁ)teh‘r%sm gﬁ%&nlg%elg%ﬁetpﬁ& erein
whi ch have kapivalealire/@eel So beinddigoraed héran\amfcﬁﬂmﬁwaliymvtdhtth on rel ates,

such known equivalents are deenmed to be incorporated herein as if
individually set forth.

Although the preferred embodiment has been described in detail, it should be understood
that various changes, substitutions, and alterations can be made by one of ordinary skill in

15  the art without departing from the scope of the present invention.



Al t hough the preferred enbodi nent has been described in detail, it should
be understood that various changes, substitutions, and alterations can be
made by one of ordinary skill in 15 the art w thout departing fromthe
scope of the present invention. 71 Clainms 1. A pressure sensor for
sensing a fluid pressure, the pressure sensor conprising: a chanber
partially defined by a flexible nmenbrane, the chanber containing a fluid
at a reference pressure, such that the7ifl exi bl e menbrane defl ects from any
pressure difference between the reference pressure and the fluid pressure,
the nmenbrane being at least partially formed from conductive materi al
associ at edCdimsui try for converting the deflection of the flexible nenbrane
into an output signal indicative of the fluid pressure; and a second
chanmber with a second nenbrane the second chanber being sealed fromthe
fluid pressure andedsif seR&R RS RRIRE AMRId HRBuRY, Bttel Bt RHsdr essur e
difference in the second chanber; wherein, the associated circuitry
converts toempfiigcti on of the second nmenbrane into an adjustnent of the

out put signal to _conpens for the t ature of the sensor. . 2. A
pressure sensor® ﬁ%@&ﬂ’ﬁ‘gfaﬁésdsﬁ%‘? _ylams i lﬁr@n%lf% : °f ontunng, han 0.1
grams. 3. Aflpides a4ERrene ERESRE,GOEIINABhE Tekibd Membinedefiects Remialer 1s a
first wafer substrate wth a front side and an o%&gm ng back side, a

recess et chigspurqdibferanee betwigen theireisranae pressure ard theflidhpressuse.dhed from t he

back side f : n f ! i.Sing: a second wafer
on the bac'&lggl:iogjg‘egg l%g%zlefal& B%fﬁal ffgﬁn%igﬁgnelacﬁ 5@'%31%8?19 aq%}%zlli’st one hol e;
wher ei n, the segwndatedcivaliey fdraodedtihg tHehiflobd@r ofthbatxible@nerdbrade pr essur e

sensor according to clajm.3 wherein the wafer bonding is direct wafer
bondi ng WhEHEHYOYtP sigwat idicatiye efiihe fukdkpressurgiand i r st and second wafers are

a second chamber with a second membrane the second chamber being sealed
from the fluid pressure and the second membrane from predetermined pressure
difference in the second chamber; wherein,

the associated circuitry converts the deflection of the second membrane into

an adjustment of the output signal to compensate for the temperature of the sensor.

2. A pressure sensor according to claim 1 wherein the membrane is less than
0.1 grams.
3. A pressure sensor according to claim 2 wherein the wafer is a first wafer

substrate with a front side and an opposing back side, a recess etched into the front
side and at least one hole etched from the back side to the recess; and the sensor
further comprising: a second wafer on the back side of the first wafer to seal the at

least one hole; wherein, the second is wafer bonded to the wafer substrate.

4. A pressure sensor according to claim 3 wherein the wafer bonding is direct
wafer bonding whereby the contacting surfaces of the first and second wafers are
ultra clean, and activated by making them hydrophilic or hydrophobic prior to
bonding, and then brought into contact at high-temperature.



ultra clean, and activated by nmaking them hydrophilic or hydrophobic prior
to bonding, and then brought into contact at high tenperature. 72 5 A
pressure sensor according to claim4 wherein the contacting surfaces are
brought together at a tenperature greater than 700C. 6. A pressure sensor
according to claim3 wherein the wafer bonding is anodic bonding offers
whereby the contacting surfaces of the first and second wafers have a

| arge vol tage applied across them 7. 7& pressure sensor according fo claim
3 wherein the wafer bonding is internediate | ayer bondi ng whereby a | ayer
of low nelting point material is applied to one or both of the contacting
surfaces of. t heAfpressturesansos acaandingéd elnakn 4 ovhetran theaantactmgisypfaessare e f or s

t he wafer pond.. 8. pressure sensor cordiong to claim7 wherein the | ow
mel ti ng poPi¥ ght&ﬁ%%&irﬁfa LRI E R ?Iblz(%o&' titaniumnitride. 9. A
pressure sensor according to claim1l wherein the pressure sensor is
adapted to sense the air pressure within a pneumatic tire. 10. A pressure
sensor accér di nd nresseiearnsol aggoeding o ¢laion 3 avhersin the walerdpadingds anaglic sensor

havi ng: a uctd-v r .deposit.ed in the.ch er.to forma first
capacit o DERIHEIAAE whECE] ulEDARIEE ek LS FRNTN Eha MEOHP OIS MRS der 16
form a seclang volttagegiplied agoscthemde; such that, deflection of the flexible

menbr ane changes the capacitance which the associated circuitry converts
to the output signal. 11. A pressure sensor according to claim10 wherein

the membrape isA?ﬁesEtﬁ@%%ﬁsoPQ&B}d?ﬂll o n%fl%%e:i %QEHﬁhg%a%ér'ﬂ%P{niﬁﬁf r conpound. 12.

A pressure ‘sensor according to ¢ whereln the neta i de conmpound
i's titani uintenntdib@dayet bbading mhadebyrianiyemonlow meRingtpoim materiah ispptiedm si | i con
nitride, tantaltlrglni tride or tan%al u ﬁl mniymnitride. 731 0

to one or both of the contacting surfaces of the first and second wafers so that heat

and pressure forms the wafer bond.

8. A pressure sensor according to claim 7 wherein the low melting point

material is silicon nitride or titanium nitride.

9. A pressure sensor according to claim 1 wherein the pressure sensor is

adapted to sense the air pressure within a pneumatic tire.

IO.A A pressure sensor according to claim 1 wherein the sensor is a capacitative
sensor having: a conductive layer deposited in the chamber to form a first capacitor
electrode; and, the flexible membrane is conductive in order to form a second
capacitor electrode; such that, deflection of the flexible membrane changes the

capacitance which the associated circuitry converts to the output signal.

11. A pressure sensor according to claim 10 wherein the membrane is at least

partially made from a metal-nitride compound.

12. A pressure sensor according to claim 11 wherein the metal-nitride compound
is titanium nitride, titanium aluminium nitride, titanium aluminium silicon nitride,

tantalum nitride or tantalum aluminium nitride.



13. A pressure sensor according to claim 12 further conprising a CMOS | ayer
di sposed between the conductive |ayer and the substrate. 14. A pressure
sensor according to claim 13 further conprising a passivation |ayer at

| east partially deposited over the conductive layer. 15. A pressure sensor
according to claim 10 wherein the conductive |layer is less than 50 m crons
fromthe nmenbrane in its undeflected state. 16. A pressure sensor according
to claim1l wherein, the sensor is a m#ro- electro-nmechani cal deviée at

| east partially formed using wafer bonding. 17. A pressure sensor according
to claim1l wherein the nenbrane is approximately 0.5 mthick. 18. A
pressure séhsor Aguessni sapgsor ecenirdingitd claine 1 2 ifirthich eomprndinga €M@S ddyecul ar  with

a dianeter ,l ess,.than 500 m crons. 19. ressure sensor according to claim
18 wher ei ndFP® Wﬁﬁg‘e&‘i"&ﬁﬂé‘g‘é’?l?@raﬁ“ﬁg@ﬂlﬁéﬁ%oo mcrons. 20. A pressure
sensor according to claim19 wherein the nenbrane dianmeter is 100 m crons.
21. A pressure sensor according to claim1 wherein the sensor is powered by

radi o wavebtt r adesstuggenson aecordingin daism i3 futhep comprigings passvatieths or
according £o claim1 rein.the flexible mepbrane is a |am nate having at
| east two ﬁa ?/reart ea\?\ﬁ*r%aiﬂ\é\glﬁﬁ agepo§1ée§5qve5ﬁ18 CS?&"HEgFaX%r s is at least partially
formed from conductive material. 74 0 23. A pressure sensor according to
claim?22 wherein the layers within the lamnate are be formed fromthe
deposi ti onl®df difPrespuRsenser agcording fd daim b wherepy s sondicenkager 18861 ding t o

claim 23 V@gﬁ ?QPni&Jaﬁs H6ithe &%ﬁﬂ)@n%%n?fé%nd&fetc?eld sl ri des or m xed netal

nitrides. pressurée sensor according to clarm 24 wherein, the netal
ceramics are

16. A pressure sensor according to claim 1 wherein, the sensor is a micro-

electro-mechanical device at least partially formed using wafer bonding.

17. A pressure sensor according to claim ! wherein the membrane is

approximately 0.5 pm thick.

18. A pressure sensor according to claim 1 wherein the membrane is circular

with a diameter less than 500 microns.

19. A pressure sensor according to claim 18 wherein the membrane diameter is

less than 300 microns.

20. A pressure sensor according to claim 19 wherein the membrane diameter is

100 microns.

21. A pressure sensor according to claim 1 wherein the sensor is powered by

radio waves transmifted from a remote source.

22. A pressure sensor according to claim 1 wherein the flexible membrane is a
laminate having at least two layers wherein at least one of the layers is at least

partially formed from conductive material.



titaniumnitride, titaniumalumniumnitride, tantalumsilicon nitride,
titanium alumniumsilicon nitride, tantalumalumniumsilicon nitride.

26. A pressure sensor according to claim 22 wherein one or nore of the

| ayers of the lamnate is netal., 27. A pressure sensor according to claim
26 wherein the netal is titanium tantalumor vanadium 28. A pressure
sensor according to claim| wherein the sensor is a capacitative sensor,
with a conductive |ayer deposited in esch of the first and second €hanbers
and the first and second flexi bl e nenbranes are conductive; such that, the
conductive layer in the first chanber and the first flexible nmenbrane form
capaci t or 23| ecArmdsureamnsor hecaldhg ée claom 28 fwhietean fhierlgyters wekindhe nenbr ane
changes th can acita ich, the associ itry.converts to the

Ut bt st oA gte R G e e e AR TRR S A sl ikt wher e n. t ho
menbrane i s non-planar. 30. A pressure sensor according to claim?29
wherein the nenbrane is corrugated. 31. A pressure sensor according to

cl ai m 30 whr ei A pressurie|sendop pecosding tyelaise 23 mbatpimihe mefel cgragdes argat i on fact or
of 8. 75 0 resSULe accordl ng to claim31l wherein, the sensor
has a Ilneart%?mgé%‘%n gmxe ngtagﬁgn% MPa. 33. A pressure sensor according
to claim 32 wherein, the nenbrane corrugati ons have a period of between 5
m crons and 15 mcrons 34. A pressure sensor according to claim 33 wherein
the menbrahe is ps%%tleéﬁmsoaﬂwrc&ng tutlaim %&Yhﬁlf?@ dearmelghearaniss afee annul ar .
35. Apre S M ations have a
subst anti :ti&%l squg}?% S apedgg?%géﬁsrg{g%ﬁegan pro E+Ipnﬁlg% ﬁ%&’%{rﬁgssure sensor
accor di ng dlanidian milicoh nittile naralopr dlsmirduailapamnittided guard over the
menbrane fornmed using |ithographically masked etchi ng and

26. A pressure sensor according to claim 22 wherein one or more of the layers of

the laminate is metal.,

27. A pressure sensor according to claim 26 wherein the metal is titanium,

tantalum or vanadium.

28. A pressure sensor according to claim 1 wherein the sensor is a capacitative
sensor, with a conductive layer deposited in each of the first and second chambers
and the first and second flexible membranes are conductive; such that, the
conductive layer in the first chamber and the first flexible membrane form capacitor
electrodes and the deflection of the first flexible membrane changes the capacitance

which the associated circuitry converts to the output signal.

29. A pressure sensor according to claim 1 wherein, the membrane is non-planar.

30. A pressure sensor according to claim 29 wherein the membrane is corrugated.

31. A pressure sensor according to claim 30 wherein the flexible corrugated

membrane has a corrugation factor of 8.



deposition techniques. 37. A pressure sensor according to claim 36 wherein,
the apertured guard is a |amnate having at |least two |ayers. 38. A
pressure sensor according to claim37 wherein the |ayers are different
materials. 39. A pressure sensor according to claim 38 wherein the
different materials are silicon nitride and silicon dioxide.

75

32. A pressure sensor according to claim 31 wherein, the sensor has a linear

response up to about 1 MPa.

33. A pressure sensor according to claim 32 wherein, the membrane corrugations

have a period of between S microns and 15 microns.

34. A pressure sensor according to claim 33 wherein the membrane is

substantially circular and the corrugations are annular.

35. A pressure sensor according to claim 29 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

36. A pressure sensor according to claim 1 further comprising an apertured
guard over the membrane formed using lithographically masked etching and

deposition techniques.

37. A pressure sensor according to claim 36 wherein, the apertured guard is a

laminate having at least two layers.

38. A pressure sensor according to claim 37 wherein the layers are different

materials.

39. A pressure sensor according to claim 38 wherein the different materials are

silicon nitride and silicon dioxide.





