M cro- El ectronechani cal Pressure Sensor Technical Field The present

I nvention generally relates to a pressure sensor and in particular, a

m cr oel ecwoeossaabsni cal (MEMS) pressure sensor. Cross RetCersanocemoiq9Rel at ed
Applications The follow ng patents or patént applications filed by the
applicant or assignee of the present invention are hereby incorporated by
cross-reference. 09/1 13,078 10/ 868, 866 10/ 043, 300 10/ 043,299 10/ 129, 502
10/ 043, 350 10/129, 501 10/043, 295 10/ 129, 500 10/ 043, 351 10/129, 499

10/ 129, 504 10/ 466, 072 10/ Mierediectomashantal dirgseirgeyesor040, 456
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10/ 898, 214 Australian Provisional Patent Applications No (MEMS26 Prov) Sone
appl i cati ong, hav&il g |isted by docket nunbers. These will be replaced
when application nunbers are known. Background Art The invention has

Wi de- r angi ribhegmpdent atventioragenesadlyreliates to @pussuwé s¢nsausrtd in particulag, gpakorecul arl y
suited to pressure measg cr&&é I n harsh or dynam c environnents that would
precl ude nmefisFUS REshapicab MENS PFESSHIE SeB¥REse appl i cations include, but are
not limted to: nonitoring engine pressure (cars, aircraft, ships, fuel
cells) sensors for high speed wind tunnels sensors to nonitor expl osions
sensors f orChuss References to Related Applications

The following patents or patent applications filed by the applicant or assignee of

the present invention are hereby incorporated by cross-reference.
/
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09/113,078 10/868,866 10/043,300 10/043,299  10/129,502
10/043,350 10/129,501 10/043,295 10/129,500  10/043,351
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Some applications have been listed by docket numbers. These will be replaced when
application numbers are known.
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Background Art
The invention has wide-ranging application across many fields of industry. It is
particularly suited to pressure measurement in harsh or dynamic environments that would
preclude many other pressure sensors. 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 sensors for irons (both donestic and

I ndustrial) sensors for other steam based nachi nes where overpressure can
| ead to owetnesa42zsm and | oss of |ife However, in the inreradtsosmpidipevity,
the invention will be described with particular reference to a tire
pressure nonitor and an associ ated nmethod of production. It wll
beappreciated that the Tire Pressure anitoring System (TPMS) descri bed

herein is purel Ius and t |nvet|on broader .
Bopli cat; ontpprreiaed it e e Bty it (ST HEtPre Borelnapurety

Document at'Qmst_(r%%%%tﬁeeialva{tﬁ;nltﬁemdahboﬁeadle{naﬁp%atﬁx@t es seeks to require all
U S. notor vehicles to be fitted with a tire pressure nonitoring system

(TPMS). This is outlined in U S. Dept of Transportation, "Federal Motor

Vehi cl e Saf gt St nda Pre i,Lori St X s and
Di spl ays", kﬁ‘éﬂ g % un htYLﬁlzfi] B?%Teﬁmgdn @%@29004
The i npeg US1egmatfth§ﬂféqyxﬁ{eqrsme§ sééﬁérﬁsfeﬁﬁlﬁmalr B Mot Vehsdleye/veaitetd it o1 er
i ncidents which led to a nunber of fatal accidents. A careful assessnent of

ti ][ Ie i m(‘j | at tixsrprestee menitegingisastemdBP M) ndhis iy ovtlined in U Pept.1of Teansperéationder
| f
B A L e U S MR

possi bl y beDpspeiyen tEIFedbhil R eigisted] volusseqio |1m4u7.®1 ppmzwsm‘wtrmzarrsxp@mpems €t
"Tire Pressure_ Mnitoring System' S No. 138,2001. European. |l egislation

al so appear g devslopmegt ‘P‘@éﬁflff%ntr%n‘f]flﬁst%ﬁmﬂd EXHIPWBH%‘E Gt Whisaded 0% | fe,
in an efjorfy, r%xger Qﬁﬁ&ﬁl&ﬁ%ﬁt@u@%efﬂf asséds %nﬂd}" tite ?nf@( ﬁgé%l fp?ﬁd%% apext 20

years, SO as m nim se the environment a npact s. rent ki nds of
TPMS are ¢ uam'EGth;atdly’IB)M df dn-oee tineabteaimider mﬂatteﬂ,ewhm len tapdeasreent Of theleffedt of

;I-EVI\\//B | Ins baseﬁtPR/PS{j Il ra(’? (e:tgvseeril 20 Etc? g& Etﬁﬂlaels an e6%80 18"88(? non—wﬁr}nj%ﬁ%é,rp%ri S

annum could possibly be prevented. This is discussed in U.S. Dept. of Transportation,
"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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relies on interfablohdressoreneasumeamefactuérs involved in TPMS.

There are two main types of pressure sensor; resistive or capacitive. Both types of these

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

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.

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 transmits

and receives laser light, with one end of the fibre-optic cable being inserted into the
interferometer. This system is discussed in Tran, T.A.. Miller ITII, 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. Fiber Optic and Laser Sensors IX, SPIE vol.

1584, pp 178-186, 1991.



t he stress-induced deflection of a reflective nenbrane. A fibre-optic cable
both transmits and receives |laser light, with one end of the fibre-optic
cabl e beiwg 2006se35¢d into the interferometer. This syst egTiau2di4aoussed in
Tran, T.A.. Mller Ill, WV., Mrphy, K A, Vengsarkar, A M and d aus,

R O, "Stablized Extrinsic Fiber Optic Fabry-Perot Sensor for Surface
Acoustic Wave Detection", Proc. Fiber Optic and Laser Sensors LX, SPIE vol.
1584, pp 178-186, 1991.Presently, there are also a variety of different

ki nds of depl oynment neans for sensors in a TPMS, including valve cap and

valve stem ﬂ‘l@%@igsﬂﬁéfe% als§ ¥ e o‘f"kiffférérﬁ%x?cﬁ RFAEpIODMBAEHeRR o Rn¥ieR a i M

or wheel hub, and also a tire-wheel system devel oped by an alliance of

several ti rEPMﬁnuﬂCbAdmg\eaﬂ‘@ eapianth vhlys stenskased systerhs dpistems Wlﬂflﬁbe sinsed frane
itself. These ent k nds of, d 0 re [ i Tabl e
) Tobl e 2 gutpd PRI st B orRisel RS HiE Bise pain e Oy Seni ot oo -

vehi cl e saf t a8 Wf@é\%rdl lﬂﬁ@mﬁﬁa&ﬁ{e&@wmrﬂa@h)senslsgemaédd%as@mabﬁ&[ Frahif e,
most TPMS are i-n stand-by node for the majority of tine, only operating at

set intervaisslf. ‘ﬁrhesqﬁléfermblgmdmﬁde@&pwwmrﬁégl\& eigied amTeledl ert 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 -|i nf t% Most Oi‘yﬁeh@f devi ERfedbes € MMaynimgal | Adeueadyn | t ISanipliniget
are accurate to Wltgll 1 psi, which represents. 3 %for a tire pressure |of
30 psi. Mfre gdreoud |y, |t h8ysSemsor shoul d perf okgysl n a h&sh environnent,
wWth tenperatures up to|130 C and|accel eratlons(g ODOg or nore. Tire
pressure ijncreases and decreases in _response o}respondinq changes in
tenperaturie. MoSensyst enswheeEnt | VAwligBVBY| ¢ wselsetle| a sdnsor tes/eﬁch@au;lt
for thermally induced changes in fire pressufe sensor|sensitivi tty |VEnI({‘|i ,
Ph., Blasquez, G, Pons, P., Douzie d€SFayar o, P. and Dondon, r@ﬁmltte
"Optim zatfion of a BiCMPS Integratetd Transdyicer for $elf-Conpeng;
Capacitive Pressure Sensgor,"” Proc) 6th IEEE Int. Conf| Electronics,
Cycloid Wheel Cap Ford, 18 1 30sec/ 10
(pump) Goodyear min
Fleet Valve Cap heavy 20 1 3.5 sec
vehicles
Johnson Valve Stem AM 19.9 1 15 min
Michelin/ PAX Renault, ? ? ?
Goodyear/ Pirelli/ System Caddillac
Dunlop
Motorola Wheel Rim AM ? ? 6 sec
Omron Valve Stem AM ? ? ?
Pacific Industries | Valve Stem AM 20.3 / user 1.8 15sec/ 10
-1 set min
Schrader Valve Stem Corvette, 22 2% ?
Peugeot,
Cadillac
Smartire Wheel Rim Aston ? 1.5 6 sec
Martin,
Lincoln, AM




Crcuits and Systens, Vol 2, pp. 1059- 1063, 1999). As TPMS' s becone
standard on all notor vehicles, there is a clear inperative to produce |ow
cost, relwabhb@/4e3hust sensors that neet or exceed the PCALAIR20045001419

requi renents. The reference to any prior art in this specification is not,
and shoul d not be taken as, an acknow edgnent or any form of suggestion
that such prior art forns part of the common general know edge. Summary of

the I nvention a_first aspe t i ti i .
sensor for SbAblég SaediiEiaIBPELEM an PRt b A AR e r g ARE ©
chanber partially defined by avgllligpéipm&a @Markét?.e 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, the nenbrane L N t st parti.all 0 . t
material ; a;ﬂ)d‘,nc’é@%ept&ﬁgfyg@%ecgﬁomélﬁs afeolEl Séa&q\'a/b r%?ér\egfogﬁ% %é? ﬂléfgﬁ}gﬁ&gw he
flexibl & MeyHRfARe at St MtdRaBUTBLU.S) 1ggialatibm tiqaitd the spdterh he alktt theldivee seitiie;
wherei n, t he chanber, the flexible nmenbrane and the associated circuitry are

for hmad on st timeof ghteatingdignifigans sire wrderinflatign condifgnsa Jhaledrqairahe REHiDg
et chi ng and. OS]t all f erab) | h 0.1
o s Cpr oo h gt Fhsh e3¢ Srer 2R € YpdehIREL 108 ot fSeck 190 U,

Wi thin a pnguEaily aviilabR inRiehafabiny abdigats ensthin 5 1 Psic abiuhi ieprobants 58195 dor
having: a conductive | ayer deposited in the chamber to forma first
capaci tor e tinetpresgere odall pst Horel gerenglly the pensanthopld pesteandr pbarshn or der to

o o eSO B PR P50 oA PRl e i
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 inventidn 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 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,



circuitry converts to the output signal. Preferably the nenbrane is at

| east partially made froma netal-nitride conpound. Preferably the

met al - ni twodeosomegsound is titaniumnitride, titanium al earmuzo4mioi41bde,
titaniumalumniumsilicon nitride, tantadumnitride or tantal um al um ni um
nitride. In another preferred enbodi nent the pressure sensor further
conprises a CMOS | ayer di sposed between the conductive |ayer and the
substrate. In a further preferred enpodi ment the pressure sensor further
conprises a pasdheahaneher) the dexible men ‘Eanﬁéli‘(? Fh§IaF§P°bPé?§g%‘f°tuétHy ?f\‘?z?m?er‘ileonan
conducti ve : ' ] 5 i AhARY

devi ce at I%’%gﬁ Béﬁf?lfaﬁ%kpﬁ%}lﬁ%%ﬁh@ n Hf\k’é%@?ﬁ%%@rﬁtﬂ’é.ﬁé %ﬁa?%ro g%ﬁg t he hes.
menbrane is approximately 0.5mmthick. Preferably the conductive |ayer is

| ess than 50 mcrons fromthe nenprane in its undeflected state.Preferably
t he menbr ar%efega%&ﬁ’@@%b%l?f?lﬁssgﬁ%{‘réié?m‘i‘sess than 500 nicrons. Preferably
the nmeniyrane diameter is |ess than 300 microns. Preferably the nenbrane
dianeter is 100 microns. Preferably the sensor is powered by radi o waves
transm t t edPrefecablyatheguresseressensor és ag;p@ﬂé@ stisy therpar priessur bW hingrnncamatic §rey

| am nate having at | east two |ayers wherein at |east one of the layers is
at least partially fornmed fromconductive material. Preferably the | ayers

Wi thin the pRRE-M thedefsd?$s § BipaBithtiveBAsORRaR@OSi tion of different netal
ceram cs. Preferably the netal ceramics are nmetal nitrides or m xed netal

nitrides. Pref eraginductivedayeideposited amtheshamben tpifamm afrticapacder eletrods; and:
al um ni nitri t ant al ik AP i i Wl id.i
nitri delfbmt ant al St égle }ﬁfrgnﬁenringﬁogl ilsggdr?lldﬁ#tweilggrd& d ?d?h%e%ﬁ@ldﬁhéifﬂr%léc%&’a
such that,
deflection of the flexible membrane changes the capacitance which the associated

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

undeflected state.



Preferably one or nore of the layers of the lamnate is netal. Preferably
the netal is titanium tantalum or vanadium |In another preferred

enbodi mrenwotb@/q@ea3gsur e sensor further conprises a secordTohandgoi4upt h a
second menbrane, the second chanber being7sealed fromthe fluid pressure
and the second nenbrane deflecting froma predeterm ned pressure difference
in the second chanber; wherein, the associated circuitry converts the

defl ection cond,nenbr ane int.o. an. adj ust ment of the output signal
to corrpensa? Iéef%rgglyt%ﬁeemteg%?ﬁé% ‘glfceul%)rfmﬁh%&s % ?e.sgﬁaélfs(ebroéﬁllc§/ontshe sensor is a
capacitative sensor, with a conductive |ayer deposited in each of the first
and second chanbers and the fjirst and second flexible nenbranes are
conduct i ve; PEierablyfikg membrang diarpeten s lgsgthan 300 migwns r st chanber and the
first flexible nenbrane form capacitor el ectrodes and the defl ection of the
first flexible nenbrane changes the capacitance which the associ ated
circuitry cerofanbly thomembranetdiatheted ignad midtona f urther aspect there is

provi ded a pressure sensor wherein the wafer is a first wafer substrate
with a front side and an opposing back side, a recess etched into the front
si de and at pl&agbly WesdAQrSs g&@&%@ btd/rré’d]}p %@e@@&gnﬁ%%{{&&é LR and the
sensor further co%pr|3|ng: second wafer on the back side of the first
wafer to seal the at | east one hole; wherein, the second is wafer bonded to

the wafer sybstrate. Ln.another aspect there is provjded a pressure sensor
wher o n' t he ITFERY SR BIC PRI PRCE AAT P LGN [ PaLY T ot ALEMg
sur f aceg) of oh&16f the IS rsab et [BRE PRGaNRFGTRAFF P bdiduRtifd @fkrapnd activated by
maki ng t hem hydrophi'lic or hydrophobic prior to bonding, and then

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,



brought into contact at high tenperature. Preferably the contacting
surfaces are brought together at a tenperature greater than 7000C.

Pr ef er ablwot2he/osafser bondi ng i s anodi ¢ bondi ng of f ers wreruRod4v01419
contacting surfaces of the first and secdnd wafers have a |ar ge vol tage
applied across them In another aspect there is provided a pressure sensor
wherein the wafer bonding is internediate | ayer bondi ng whereby a | ayer of

|l ow nelting point material, is.appld t i ng
surfaces of theﬁTel %@‘1%%7 layez an e\/\#/g?e%}l éﬁg%&‘@ﬁg{xe ﬁfe%gp egﬁlcf Ig%%%‘saﬁ% gﬁ-#dor ns t he
wef er bond caRrRediadioned Hfl the\tefidtioh g thedirst flexible meabriuse diahgesdhe ni tri de or
titaniumnitride. Preferably, the nmenbrane is non-pl anagp.@gr eferably the
menbr ane i sapssitanegattaeh therasfasiatgsl Grouiey emEithiodhe SHPHEH nenbrane has a
corrugation factor of 8. Preferably, the sensor has a |inear response up to
about | MPa. Preferably, the nenbrane corrugations have a period of between
5 mcrons and

15 mcrons. Preferably the nenbrane i.s.,.s Nt il i rcul ar
and t hed col® aduthes ﬁ?e&?é L &%ﬁ?@gg}lrgbs‘eg}sqrﬁv tor Fhl?ég%%%gga fﬁé{[v‘%atgll
substantially square-shaped cross-sectional profile. | Egtﬁ furt tﬁeﬂrn aa ect
there is psobstdtedvidh piogsside anbasenporinebaes sidemIPrSs AFhehinid b diAnk§ Suard
over the nenbrane fornmed using |ithographically masked etching and
deposi t i on ahéetieisyves holereathed ditvkythetbhek gdatothe secass; and Hgtsensen rat | east
two | ayers. Preferably the layers are different materials. Preferably the
di fferent nBi@Hiiabs are silicon nitride and silicon dioxide.

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

10  wherein,

the second is wafer bonded to the wafer substrate.

Tn 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 pressure 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.



In a second aspect the present invention provides a pressure sensor for
.sensing a fluid pressure, the pressure sensor conprising: a chanber

parti al | ywoebsamgeBshy a fl exi bl e menbrane, the chanber cenoraumegoaidl uid at
a reference pressure, such that the flexi%l e nenbrane deflects due to
pressure differentials between the reference pressure and the fluid
pressure; and, associated circuitry for converting the deflection of the

flexible a into an output sigpal indicative of the fluid pressure;
wher ei n, tﬁée%ﬁﬁBWQHEI TARES COMURAE 1 grans. Preferably the sensor is
formed on and through a silicon wafer using |ithographically masked etching
and deposition techni ques. Preferably the pressure sensor is adapted to
sense t he direfepabbstba flexila ¢rirmeated meamhranchasiaeorrugpigonefagior pfhe sensor is a
capacitative sensor having: a conductive |ayer deposited in the chanber to
forma first capacitor electrode; and, the flexible nenbrane is conductive

in ordes t@réferably tiearnsdt hagpliabdratspphaoip wddoussIMPat hat, defl ection of the
fl exi bl e menbrane changes the capacitance which the associated circuitry

converts to the output signal. Preferably the nmenbrane is at |east

partially S'ﬁgiﬁafgh?%e%%ﬁaﬁh'g,@Bﬁ%a%%ngﬂmoat}%‘gfod%rf%gﬁe%ﬁl imici$hsHRig5-nitride

conpound i umn ani um al ntumnitride, titanium

al um ni um gshictagen nitride, tantalumnitride or tantal um alum niumnitride.
Preferably the pressure sensor further conprises a CMOS | ayer disposed
between the netallic layer and the substrate. Preferably the pressure

sensor jjpur tf*}@{efa%wg R TorEndRSEbN i1l clrBYEF ardil thé 88FhgdtBhS hrdlahiuideposi t ed
i¢ layer.

over the neta

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
In 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 sensor is a mcro-electro-nmechani cal device at | east
partially fornmed using wafer bonding. Preferably the nenbrane is

appr oxi mawel2godn433sm t hi ck. Preferably the conductive | apemr/ARodsamss1bhan 50
mcrons fromthe nenbrane in its undeflelffed state. Preferably the menbrane
is circular with a dianmeter |l ess than 500 microns. Preferably the nenbrane
dianeter is less than 300 mcrons. Preferably the nenbrane dianeter is 100

m crons. Preferably the sensor .is red by..radi £33 1 I d froma
AR e A S S N D s A

| east two m%@etmgégg@d@bsiki@ﬁgchﬁm}aegf the layers is at |east partially
formed from conductive naterial. Preferably the layers wthin the |am nate

are be forned fromthe deposition of different netal ceramcs. Preferably
the nmetal ceram are metal nitri (s MifHige faably
the motal CEramPEanEPEstie Sl RS sodiEe Al il pno AL
tantalugn silicon nitride, titaniumalumniumsilicon nitride, tantalum
alumniumsilicon nitride. Preferably one or nore of the layers of the

| ani nat e | Preferahly. thppesrserisBlcppaciatiieseRroraving ani um tantal um or vanadi um

Preferably the R ERAM e ?aﬁfgfs@{fg%fﬁ,%&r ﬂab%e R FERrR aSﬁ@p&@aalt@rét&&o&é;taad,a

second nenbr ane, € seco el ng sealed fromthe fluid pressure
and the second nmsiéable nebeiirend is cgnductine & erdedtetfemmi sewng cepasitoreldéttdds ence
in the second chanber; wherein, the associated circuitry converts the

defl ecti onsB¢h $Ae second menbrane into an adjustment of the output signal

to conmpgnsate foLalhRnlc?AREASLEBE SncMibrhktEchRBB&QRe capacitance which the associated

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 aluminium nitride,

titanium aluminium silicon nitride, tantalum nitride or tantalum aluminium 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 0.5pm 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.



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
f | exi bl e wertwezaess7ar e conducti ve; such that,the conductcratepenidin t he
first chamber and the first flexible menbtane form capacitor electrodes and
the deflection of the first flexible nmenbrane changes the capacitance which
the associated circuitry converts to the output signal. Preferably the

wafer is a_firs fer substrate with front side and an opposi ng back
side, a reggé?aéky\gﬁ%ﬁle@fa&etdﬂ?éné?rdﬁﬁesgﬁ}i’g 32?}(:§m<'§1”f°n?'east one hol e etched from
the back side to the recess; and the sensor further conprising: a second
waf er on the back side of the first wafer to seal the at |east one hole;
wher ei n, t Reeferablyrible msmivednerdidragtercd 109 mipi@nGaf er substrate. 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 maki ng them

hydr ophg | i pr&gerabilydhe pebi is ppived byaadio vy framsnatted fromber eumint sdunteo cont act
at high tenperature. Preferably the contacting surfaces are brought
together at a tenperature greater than 7000C. Preferably the wafer bonding

I s anodic ?Qquljag tﬁ% h?}(iﬁle‘é@%@{gﬁ% }srhelaﬁ}%gt@ﬁé\iiﬂgaﬁ%sft %@Fag@rfs wWitgeih laf Rhstand

second waf ers have arg e applied across them Preferably the
waf er bondioAgof teilfesy ivrtiicattpattayigiomonidicog cohductivy matdralier of | ow nel ting
point material 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.

Prefer ghly LNGHIRR Y 2R 8 hrdlbeifSrnSdd fréiRfhd ddpbbitien Of diffetéi um
nitri dg& P?é{%ag%%ggﬁ{g mengrane I'S non- SI anar. %
metal ceramics.

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

15  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.
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 nmenbrane is corrugated. Preferably the flexible corrugated
menbrane has a corrugation factor of 8. Preferably, the sensor has a |linear
response wp 20@/|bssat | MPa. Preferably, the nmenbrane cor Pagattizongonave a
period of between 5 microns and 15 microbhs. Preferably the nenbrane 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.provigde ressur AL i.ses an
apertured guard t}&/@nd‘tlﬂbver]r%ﬁﬁ Pbﬁ]&%‘%ﬁﬁ%‘a‘ Ersalmeﬁigtﬁ%ﬁ?ﬁg@S%lg%%lﬁgrg})@wn%ﬂgﬁed
et chi ng and,slepesiibitile Ssdihi deRsctioRoE iRyt flexibleendgubiant dtaanged thei nat e
having at least two | ayers. Preferably the layers are different materi al s.

Pr ef er abl y capesitaidefvdriihthermasastates circaitey eInvegsie the PRIPHESIEME si | i con di oxi de.
In a third aspect the present invention provides a pressure sensor for
sensing a fluid pressure, the pressure sensor conprising: first and second

chanbers having first and second_ fl exible ranes respectivel first
and second Prefesablyl the maiisind ESt(W&Fﬁ‘isbgﬁi’@Le Wgﬁg&:ﬂ%@ﬁe (fgl?sg%pé)ﬁ?qu%ﬁglr%&ésure
differences within the first and second chanbers respectively, the first

menbr ane arecesyeichdddntoshp Gont wde and 7ideast enechqle etshed Eomythe bark sidedgibe

menbrane sealed fromthe fluid pressure; and, associated circuitry for
convert i ng rédess; dad kecdehan fafthdrkembiisiag: f | exi bl e menbrane i nto an out put
signal related to the fluid pressure, and converting the deflection of the

second nenbr ane 4 @tshdaRaRbbtiSlebREE si@é of the fsttvadftr tisgdlahe stdessoopehsiag e for
the tenperature of the sensor.Preferably the sensor is fornmed on and

t hrough a gsillergmn waf er using |ithographically
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 pressure forms the wafet 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.



masked et ching and deposition techniques. Preferably the pressure sensor is

adapted to sense the air pressure wwthin a pneumatic tire. 5 Preferably the

menbr aneswanreosdeds7l ess than 0.1 grams. Preferably the mewmanegoarie at

| east partially made froma netal-nitridé3conpound. 10 Preferably the

nmetal -nitride conpound is titaniumnitride, titanium alum niumnitride,

titaniumalumniumsilicon nitride, tantalumnitride or tantalum alum nium

nitride. Preferably the pressure sensor further conprises a CMOS | ayer

di sposed between the conductive | ayer and the substrate. 15 Preferably the

pressure S@@&@Jabfyytﬁefs%ﬁs&%paiuﬁ@a&resppﬁs‘eaifwtatabem iMpger at |east partially

deposited over the conductive layer. Preferably, the sensor is a

gl c&_o-el e(F:)t r](c)- meclhani ﬁal device at least partially formed using 20 wafer

ondi ng. Prefer t he r I e al f erabl

t he conductP irggraﬁgry cIgm ;igags C%ahgﬂéﬁn&%%ﬁg% Ps)g?r‘ﬁettgvﬁgﬁr?erﬁrrlgfrogggn (ﬂ\?i ts : )2/5,
undef kectgidroptate. , Preferably the nmenbrane is circular wwth a di aneter

l ess than 500 microns. Preferably the menbrane dianeter is |ess than 300

m crons. 30 Preferably the nmenbrane dianeter is 100 microns. Preferably the

sensor is i Lo j far.
Sour e, Pr e IPE(BE) B o BYEAANP BrtlSard BEL Srd b Sare ammmlar, ¢ two

| ayers wherein at | east one of the layers is at least partially formed from

conductive material. ) ) .
Preferably the corrugations have a substantially 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 deflect in 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

S€Nnsor.



Preferably the layers within the lam nate are be formed fromthe deposition
of different netal ceramcs. Preferably the netal ceram cs are netal
nitrides wo 2memaeBsmetal nitrides. Preferably, the netal pceraameoarie
titaniumnitride, titanium alum niumnitt4de, tantalumsilicon nitride,
titaniumalum niumsilicon nitride, tantalumalum niumsilicon nitride.
Preferably one or nore of the |layers of the lamnate is netal. Preferably

the metal is titanium tantal um or vanpadium .In a further,. . reis
provi ded apﬁ?gﬁ@éﬁ’rtbe SENeoT f?’ﬁ’i‘%&%’r m@%ﬁ?}lﬁg Aiieon wal reursmﬁllbtg?g' g@elc%l\nﬂ'teh first
and second 4 RE&P&ERing bA® dEdsiionltbiddes Menbrane covering the first recess
to define the first chanber, the first chanber containing a fluid at a

ref erence pressure such that the first flexible nenbrane deflects due to a

B Cappi ng. REBBPSCES BRPHgCoREoTs ey B Eadt FEM RN Vi e RECRR Y B

the flukd pressure, the second nenbrane dividing the second chanber into
sections fluidically sealed fromeachother, a predeterm ned pressure

di  f er ence Prefewbbithe membrangs i cash less dhandbhgManber causing the second
flexible nmenbrane to deflect. Preferably the sensor is a capacitative
sensor, with a conductive | ayer deposited in each of the first and second
chamber s armefehlyf the sienttansecoadedst patibll prrdefioane metal-ittidadoropéund, such
that,the conductive layer in the first chanber and the first flexible
menbrane form capacitor electrodes and the deflection of the first flexible

menbr ang C*H@t%?a%p Jﬂgrngéf%(gggﬁd%t%ﬁlg\%mfﬁ iR SRRk ABHiual A1GMidiin ne@idyerts to

t he out'put signa y wafer is a first wafer substrate wth a
front side taadummlupindsh sijichaoiridd, dentalam 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 partially

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 0.5pum 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.



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 bawbk 2062357 the first wafer to seal the at | eastcomazbalwi4inherein,
the second is wafer bonded to the wafer Kubstrate. 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 nmaki ng t hem

hydr ophi Il i ¢ or hydrophobic prior to bonding, and then brought into contact
at high tenperature. Preferably the contacting surfaces are brought

together apFehBIyREE ALMPR MBBasEs drb Rmidiedkaviy &flefsatwylaybre wimfan atleasi ng
i s anodi c bonding offers whereby the contacting surfaces of the first and

second waf ensofithe tayars|isetjeast orrtiad fenmpsdifem g 4ve mateiabr ef erabl y t he

waf er bonding is internedi ate | ayer bondi ng whereby a | ayer of |ow nelting
point material is applied to one or both of the contacting surfaces of the
first and pesonslywhé RiErsSHtih dic lamatatedrd bp fesrdifont trenisposhidomaf dffeteohd.
Preferably the |low nelting point material is silicon nitride or titanium
nitride. Poeetadcggmycs. t he nenbranes are non-planar. Preferably the menbranes
are corrugated. Preferably the flexible corrugated nenbranes each have a
corrugation factor of 8.Preferably, the sensor has a linear response up to
about | MPa Préfeeblrtabhietal clramiesdre arceal avridesgatmizedmieta) sitddgser i od of bet ween
5 mcrons and 15 microns. Preferably the nenbranes are substantially
circular and the corrugations are annular. Preferably the corrugations have

a substgnt ipald v ROHANRESNAPEH; S hRYari Bkl 1918 titief dl@minium nitride, tantalum

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

In 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 to 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 pressure 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,



Preferably the pressure sensor further conprises an apertured guard over
each of the nenbranes fornmed using |ithographically masked etching and
deposi ti onotzebmezaes. Preferably, the guards are a | anmpPoatad2b@wiong9 at

| east two |ayers. Preferably the layers Hre different materials. Preferably
the different materials are silicon nitride and silicon dioxide. In a
fourth aspect the present invention provides a pressure sensor for sensing

a fluid pressure, th ressure sSensor, c risi ; Fal |
et i ned by o i1 Beicor Gk TRane Of AR iR nd AP GIBR AR il ¥
reference pAsAidecndie el adieibh exitelismislenenteidcathsgaike o

I

pressure d erentials between the reference pressure and the fluid
pressure; eapdritarse sdiicht thel assoeiatadioinpuitrcopseradP the P PHSIERE | ection of the
flexi bl e menbrane into an output signal indicative of the fluid pressure;
wherein, the nenbrane is at least partially formed froma conductive

ceranmic material. Preferably the_conductive ceram.¢ 1S, a tal nilri:de.

Pr ef er abl yPreferablydhevafesis 33%{1%5? vafsr SwesHate ?%:Pﬁﬂ;tl‘ief i 4 %ogi&g%\e}%l{% ig’l? m
nitride. Preferably, the nmenbrane is be formed fromm xlaeﬁc:t?rrgtad&

ni trides. Preteradied inthdhairaetcsidesand) at iastqngdwlegtehed; o thehack SIAedA e ¢ r i de,
tantalumsilicon nitride, vanadiumsilicon nitride, titanium alum nium

si licon ni tddese andthetsamson fuitheatomprnsingn silicon nitride. Preferably the
chanber, the flexible nmenbrane and the associated circuitry are forned on a

silicon wafer sylstddteasisidle bhéihaas spit Gadtwaferas ked tied atheasyomritble;
deposition techniques. Preferably, the nenbrane is less than 0.1 grans.

Pr ef er abl y whieeeipgr essure sensor is adapted to sense the air pressure within
a pneurlrgti ¢ ti r?ﬁe sFe)rcgr]; irsixawbalf rl}o?lgetf%r}ﬁg(zva%& sabscﬁ%@d tative sensor having:

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 pressure forms 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.



a conductive |layer deposited in the chanber to forma first capacitor

el ectrode; and, the flexible nenbrane is conductive in order to forma
second capeaeni2mzect rode; such that, deflection of thecTiaxridwei4renbr ane
changes the capacitance which the associ bt ed circui try converts to the
output signal. Preferably the pressure sensor further conprises a CMOS

| ayer di sposed between the conductive | ayer and the substrate. Preferably
the pressure sensor further conprises a passivation |ayer at |east
partially deposited over the conductive | ayer. , - L . Preferably,
the sensor picgerabl¥l the QerRbekdsradilteeisporsaup desbhar TnMPal east partially forned
usi ng wafer bonding. Preferably the menbrane is approxinmately 0.5mm thick.
Prefterablé ]'Elhe cogductlve | ayer is less than 50 microns fromthe nmenbrane
inits un ed, st e t | 4 Gl ' a

di anet er ?11?11 %rgeo('fr(\)?u% eﬂra g @@%@%é ?%n%ﬁ%‘ihg?rse%ﬂedriﬁ s less

t han 309 nhﬁdfr@ﬂ§. Preferably t he rrenbrane dianeter is 100 m crons.
Preferably the sensor is powered by radio waves transmtted froma renote
isource.m;’referably the flexible nmenbrane is a | am nate having at |east two
ayers e I _St Bk | med from
conducti vebﬁél;%}g?l& t*l&q% gﬁfe shﬁ‘ﬁaﬂtﬁaé’lgé:?r ghl\%nr ?}ﬁ tlrk1let he %ar?‘lhf]glteeay]gfrlgf be
formed fromthe dep03|t|on of different metal ceranmics. Preferably the

nmetal ceram cs are netal

Preferably the corruga’%rgsrlllac\jfgsa substant ?ly saggrg shape crc%g Rectional profile.

10
Preferably the pressure sensor further comprises an apertured guard over each of the
membranes formed using lithographically masked etching and deposition techniques. '
Preferably, the guards are 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 fourth 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
25  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 at least partially formed from a conductive ceramic material.
30

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

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



Preferably, the netal ceramcs are titaniumnitride, titanium alum nium
nitride, tantalumsilicon nitride, titaniumalum niumsilicon nitride,

t ant al umwbumeani4essrsi | i con nitride. Preferably one or nmpce/aafoddveidiayer s of
the lamnate is nmetal. Preferably the metdal is titanium tantal um or

vanadi um Preferably the pressure sensor further conprises a second chanber
wth a second nenbrane, .the second chanber being sealed fromthe fluid
pressure and the second nmenbrane deflecting froma predeterm ned pressure
difference in the second chanber; wherein, the associated circuitry
converts t prdebileed indredehetiingriies arditamutrsiiveninittide amtaldjrusHorantitrafe, t he
out put signal to conpensate for the tenperature of the sensqr. .Preferably
the sensor varadane sifigen nisde, Htagams afuminuasihcongpige; priantplung u’ﬁi‘érﬂﬁg’is(?lé % n
each of the, f.(i_lrst and second chanbers and the first and second flexible
menbr anes 2% onduct | ve; such that,the conductive layer in the first
chanbersand the first flexible nmenbrane form capacitor el ectrodes and the

deflection of the first flexihle nbr ane ch(g es th%dcalpaﬁitanfe M iocQl th
associ at edPrfereblyith chaspreerthe flegblepergbrepe pn ﬁ?’gﬁﬁﬁo.‘“a FEPER §° tHERE S |
a first wafer ’ 1 sthoithS @RbhiSiIHEmARLd BRhABRAG dBEbshasikettirtiguesa
recess etc 12180?%%&?%%#&0&& g?ll egglad agﬁrfleast ong@hol eelg% ched fromthe
back side to the recess; and the sensor further conprising: a second wafer
on the back sjde of the first wafer seal the at | east one hole; wherein,
t he secondPreeigayethe ‘T”E’Ef‘érﬁn‘?’él?sﬁéh%'ggraﬂﬁostrate. Preferably the wafer
bondi ngyis direct wafer bonding whereby the contacting surfaces of the

first and second wafers are ultra clean, and activated by making them
hydr ophi | i ®raferably the pressure sensor is adapted to sense the air pressure within a pneumatic tire.

e
S

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.

R R - E H SN
I

Preferably, the sensor is a micro-electro-mechanical device at least partially formed using
wafer bonding.
Preferably the membrane is approximately 0.5pum thick.

30

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

undeflected state.



hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. Preferably the contacting surfaces are brought together at a
t enper at we 20062357 t han 7000C. Preferably the wafer bomdirmgi2osianadi c
bondi ng of fers whereby the contacting suPfaces of the first and second

waf ers have a | arge voltage applied across them Preferably the wafer
bonding is internediate | ayer bondi ng whereby a | ayer of | ow nelting point

material i lLied to pne or .both t i : s of the first
and secondﬁﬁgggﬂ%ﬁgﬂn?ﬂg?nﬁgh]w “@%éggﬁngﬁ%gﬁgh$%g§&gégggbond.
Preferably the low nelting point material is silicon nitride or titanium
nitride. Preferably, the nenbrane is non-planar. Preferably the nenbrane is
cor r ugat edPrefard?ﬂEt@UnWlblﬁléefiifaé)@it%ll%leé%‘ihﬁﬁg%EHCII‘PB?rbrane has a corrugation
factor of 8.Preferably, the sensor has a |inear response up to about | Mra.
Preferably, the nmenbrane corrugations have a period of between 5 mcrons
and 15 31i cpRRgablPHeS meablaye dkeneribt @mmidrensubst antial |y circular and the
corrugations are annular. Preferably the corrugations have a substantially
squar e- shaped cross-sectional profile. Preferably the pressure sensor

further COﬁ{%‘ﬁ%y?@? rtr}gégiggp i g%\?%éa@ g%‘iﬁi@%{/es‘i faghsARART A5 of refmdRGouRdeng

| i t hographica et d deposition techniques. Preferably, the
guard is a lamnate having at |least two |ayers. Preferably the | ayers are

different materials. Preferahly the different ngteri jptrid
and i 11 cobrednaydes Aebs e pderieR s A dafSaHif R T O

pressu{@ SENSGFthl Hyer§s $ 188kt Rarftiall GorRIc@SFoM GonduleivPinassial.e sensor
conpri sI ng:

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.

Preferably the pressure sensor further comprises a second chamber with a second
.25 membrane, the second chamber being sealed from the fluid pressure and the second
membrane deﬂécting 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,



a first wafer substrate wwth a front side and an opposi ng back side, a
chanber partially defined by a flexible nenbrane forned on the front side
and at | eset2o@wa2350l e et ched fromthe back side to the ebamagng4/001419; -. .
a second wafer on the back side of the fd%st wafer to seal the at |east one
hol e; wherein, the chanber contains a fluid at a reference pressure, such
that the flexible nmenbrane deflects due to pressure differentials between

the reference pressure and the fl ui ' i Efokgui try
for converting Ehﬁ§oﬂ‘i‘fqtlé’8 ?ygﬁlrbt;’e ?‘ﬁsg cﬁ%@%%ﬁgmﬁgﬁ%%ﬁgﬁ?%@% out put

si gnal indi:%ﬁ&ﬂtd%%l&troﬁ@@aﬁd' tHb deficEBH Uf B fitktdlaxible mchbraeachangesdlier i s waf er
bonded to the first wafer substrate. Preferably the wafer bonding is direct

waf er bondcapgcitanee ach the agsoptatedicineyitey sonyetsdo She QHRUESIEE: and second
wafers are ultra clean, and activated by meking them hydrophilic or
hydr ophobi ¢ prior to bonding, and then brought into contact at high

tenperature. Preferably, the confacting surfaces ake u ; t a
t enper al ur Breferably dhe WA l%gﬁt‘.”a é‘Fléitrg‘SI‘Vl,{h ? ﬁ'g%\%ﬁﬁ%?&{)%n(g&tﬁa&g gggﬂ;%g?%
bondi ng of fers whereby the contacting surfaces of the first and second

waf er s haveecass eiehyd infolthefrentasifs gndat %‘@ﬁtd)é@ hpﬁe‘???heﬁrfg?né F}}fd?aﬁktsﬁg tﬂ’/\/ﬁ’feer
bonding is internediate | ayer bondi ng whereby a | ayer of | ow nelting point
mat eri al i secepphihdthetsonson urtirer bahprisifig:t he contacting surfaces of the first
and second wafers so that heat and pressure forns the wafer bond.
Preferably the LQudalvwdfeitomakBhckiadest tt fitss waiférito oeal i atilebst are Ital¢;ani um

nitride. Preferably, the chanber, the flexible nenbrane and the associ at ed
circuitry avherdimr ned on a silicon wafer substrate using |ithographically

masked 18 tching %{]edseggtp(f) 1ss iv&aif@r%ohﬁ&bw tHYG R er 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 pressure forms'the wafer bond.

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

30  Preferably the membrane is corrugated.

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



Preferably the nmenbrane is less than 0.1 grans. Preferably the pressure
sensor is adapted to sense the air pressure within a pneumatic tire.

Pr ef er ablwot2he/me3sgor is a capacitative sensor having: @&crtondoetdovasl ayer
deposited in the chanber to forma firstzkapacitor el ectrode; and, the

fl exi bl e nenbrane is conductive in order to 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.
Preferably the pressure sensor further conprises a CMOS | ayer di sposed

bet ween t hp GoRdYChE ¥&1sbANAa ktdr EiBorse B s it PMEfaer abl y the pressure
sensor further conprises a passivation |layer at |least partially deposited
over the conductive layer. Preferably, the nenbrane is approximately 0.5mm
t hi ck. Prefer.abl he cqnduct i . i 3 m t he
nenbr ane i quf?rgbléhthgme& r%‘!ée é'sot a 3{.1&%?{3?/ %?Q%ﬁéé?ﬁ%%g? girllég)?géédlf rrgcgul ar wth
a di aneg er oli@sss.t han 500 microns. Preferably the nenbrane dianeter is |ess
than 300 microns. Preferably the nmenbrane dianeter is 100 m crons.
Preferably the sensor is powered by radio waves transmtted froma renote
source. Pregf i i ] ihavdrdghmfar] east two
| ayers \Aher%{ael?%fgglb'ﬁéﬁgpfb%% lgéﬁsﬁﬂpqa}gg?cg?gﬁg%@gg??ﬁparti ally fornmed from
conductive material. Preferably the |layers within the lam nate are to be

formed fromthe deposition of: different. nmetal cerani,cs. Pr s t he
met al cer aﬁf@grala]yéﬁwr&}gaﬁpgsr}pqygg sypstapt SARArsS ?ﬁefl rc;lr%fg;ss_egcfo?la%}loﬁle.

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 thefront side and at least one hole
etched from the back side to the chamber; = = =~ #H% A ‘
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 to the first wafer substrate.



Preferably, the netal ceramcs are titaniumnitride, titanium alum nium
nitride, tantalumsilicon nitride, titaniumalum niumsilicon nitride,

t ant al umwbuneani4essrsi | i con nitride. Preferably one or nmpce/aafoddveidiayer s of
the lamnate is nmetal. Preferably the metlal is titanium tantal um or
vanadiumlIn a further aspect there is provided a pressure sensor further
conprising a second chanber with a second nenbrane, the second chanber

bei ng sealed fromthe fluid pressure and the second nenbrane defl ecting
froma predeterm ned pressure difference in the second chanber; wherein,
the associ pgstabliyfkaivhfey bémin@stdirechwafdeboreting whereby tHeeonctinglsurivhs afie

i nt dj ust rent. of the output signal to g te for the .t t

of the senthsrirsTandrseeoiWalerarauis steansand feyaley Py rabinedbrndy gl of

conduct i ve 'ci%efaob?fg&éﬂ tf)%gnaiﬂ SRGMnal bxfoﬂgntfi Hon@bcht BEgORGpERAFRET s and the
E& PI e ITEIT% on

first and Xi b ranes are uctive; such that, the
conductsve layer in the first chanber and the first flexible nenbrane form

capacitor electrodes and the deflectjon of t first flexible mepgbrane
changes t h&rederghly; the ﬁ@@tam&%“fi%ﬁ%s ae g%ggﬁ t@&‘g}g?fra& ﬁi%?rpk}eréﬁlﬁ?/%rre?tg ! {Hgant he
out put signghoc Preferably the nenbrane is at least partially formed froma

metal ceramc naterial. Preferably the conductive ceranic is a netal
nitride. Preferably the nenbrane is titaniumnitride, tantalumnitride,

vanadiumnitrjd Pr ef bly.the ne ang i s.hbe far i

nitrides. BF%fIFré&é’bﬂ’f "Yﬁj%rq?ﬂ“gg’@ lﬁﬁ?%(ﬁgh?q(ﬁ?%%gergw él%fel%?g}ﬁ% %%R%I ggrrﬁ%% t% Irf i de,
tantal yg sighd %‘Qpaﬂ?f debbiiewatéANAYE HMArSh lvbl%%'% appliéd stgosstthdani um al umi ni um
silicon nitride, or tantalumalum niumsilicon nitride. v Preferably, the
menbrane i s non-pl anar.

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 sensor is a capacitative sensor having: I s
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.



Preferably the nmenbrane is corrugated. Preferably the flexible corrugated
menbrane has a corrugation factor of 8. Preferably, the sensor has a |inear
response wWp 20@/@bssat | MPa. Pref erably, the nenbrane corr egaiAwnsy/doame a
peri od of between 5 microns and 15 m cr of¥s. Pref erably the nenbrane is
substantially circular and the corrugations are annular. Preferably the
corrugations have a substantially square-shaped cross-sectional profile.
Preferably the pressure sensor further conprises an apertured guard over

t he nenbrane formed using |ithographically nasked etching and deposition

t echni quesp Ry 819 Hiddhkssubd Rngitdtdhdreompliass apetseivhtion lagerat ldastawrtiallyo | ayers.
Preferably the |ayers are different naterials. Preferably the different

mat eri al s~ denosiéed oves thaflopdpgived#srsi | i con dioxide. 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 flexible

menbr ang, be@erﬁﬁr}gmh@&n&ﬂﬁﬁrﬁi@iapproairﬁdtelb/d).ﬁundlicleference pressure, such that
the flexible nmenbrane defl ects due to pressure differentials between the

reference pressure and the fluid pressure; and, associated circuitry for
converting,t he defl ecti.on.of [ £ 886 thBhRndRaihRgt signal

i ndi cati vePE)e?erf1 é/dfl‘?fﬁng E&P%sl%%gr}g? fe\%\]ﬁeraggsﬁ, the nmenbrane is non-planar.

Pr ef er abl yyhddlcorahfadle i s corrugated. Preferably, the nenbrane

corrugati ons have a period of between 5 mcrons and 15 microns. Preferably,

the nenbrane is substantially circular and the corrugations are

annul aj, Pref of 3y fnd ﬁ%ren%%{x{elfyéifr&%ﬁvmx Biafh S Sk @tini B0l rvicEmwar e- shaped

cross-secti onal B/I’

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 e
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 titanium, tantalum or vanadium.



Preferably the pressure sensor further conprises an apertured guard over
the nmenbrane formed using |ithographically masked etching and deposition

t echni quewoO 2Bveaf4e3sabl y, the chanber, the_ fl exi bl e nenbr @oe/aandodtdoet19
associated circuitry are formed on a si 13%on wafer substrate usi ng

l'i t hographically masked etching and deposition techniques. Preferably the
menbrane is less than 0.1 grans. Preferably the pressure sensor is adapted
to sense the ai ressure W thi ' i : is
2 capact t ot rioeRegEStihGe Lok sl aBREHTR ol Kisther EDELEAPM Ko oRE ARACE'
to form a §ithSise6aidaabrhbrane) R€ sdconke chamtstr being sthled irbtrethentloh pressuresand the
conductive in order to forma second capacitor el ectrode; such tha%i,

def | ect i onsespnd menfbrang deflactingnem AP edeimguacd m&sseéfp%éf%feaﬁf‘c’éﬁﬁﬁ FER he

associ at ed cj 1.cui onverts to the output signal. Preferably the pressure
sensor furflﬁaélﬁbeg’o‘&r%%feﬁsaés a CMOS | ayer disposed between the conductive | ayer
and t hes subst r atie. asRyoidftat abduitry bmverte eulelestomsafithé secohdmenbngei islosng
passivation_ | ayer at_ least partially deposited, over the nductive | ayer.
Pr ef er abl yadippigepbodihg ﬁBtPP%“&fﬂ?g F‘b?{‘?rﬁ%‘?négtﬁ %@r_ tgﬁ?ﬁr?l?ﬁr‘?:tkr.e ‘iﬁﬁ@? H88ry the
conductive layer is less than 50 mcrons fromthe nenbrane inits

undefl ected state. Preferably the nenbrane is circular with a diameter |ess
than 500 nPesfembly tRe sdnsomiblaycapdvitatiendsnsorewith arnenductive 1ayes depdsiied mogch of

' : f bl h nb [ j ] f .
ensor | o PP RsyorAT AT pRpdad e a0 BREle b s, Afdich e

Pref er apl ys,]gghe[hgﬂ’ exi bl e nmenbrane is a |l am nate having at |east two |ayers

wherei n at | east .
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.

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



one of the layers is at least partially forned from conductive material .
Preferably the layers within the |am nate are be fornmed fromthe deposition
of differwot2oosamads7cer ami cs. Preferably the nmetal ceranmpc3s/aaneooeiab
nitrides or mxed netal nitrides. PreferQény, the netal ceramcs are
titaniumnitride, titaniumalumniumnitride, tantalumsilicon nitride,
titaniumalumniumsilicon nitride, tantalumalum niumsilicon nitride.
Preferably one or nore of the layers of the lamnate is nmetal. Preferably
the netal is titanium tantalumor vanadium In a further aspect there is
provi ded apRELIRYIRe BRAMRAN dkiubgions BEPS & périgl of twemd mivaodsemdliSt h a
second nenbrane, " the second chanber being sealed fromthe fluid pressure
and the semomohsrenbrane deflecting froma predeterm ned pressure difference
in the second chanber; wherein, the associated circuitry converts the

defl ection of the second nenbrane into an adjustnent of the output signal

t 0 CoONPENnspeferfly th@eibrape issubsantidilyt dieuke asdthe dregaiamslage amglasensor is a
capacitative sensor, with a conductive |ayer deposited in each of the first
and second chanbers and the first and second fl exible nmenbranes are
conductive;_ su | saqhdte-shdell icFosb-sedtidftigirofiled t he
first fl ex})’b %%%?%0%&43@?%%gtg}ﬁ;{%ardtgl}izgﬂdg%gg@and t he defl g:ti on of the
first flexible nenbrane changes the capacitance which the associ ated
circuitry pRIREKIyIhd prebdige Sutb@Uurthérgoaipribesdreamitinedtguerdwsicb thermaernbrage | east

partially formed froma nmetal ceranjc materigl. Preferably the conductive
ceram t0i sfqmﬁmamgdithqgr@@ucaﬂyﬁaéﬁ%?tﬁmpﬁén‘:iraﬁl%ﬂsg}?él tF@nﬂ‘%ﬁni um nitride,

tantalumnitride, vanadiumnitride. Preferably the nmenbrane is be forned
frommxed nmetal nitrides.
Preferably, the guard is a laminate having at least two layers.

Preferably the layers are different materials.

15

Preferably the different materials are silicon nitride and silicon dioxide.

20 In a sixth 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 circuitry for converting the deflection of the flexible membrane into an
output signal indicative of the fluid pressure; wherem, A

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 m xed netal nitrides are titaniumsilicon nitride, tantalum
silicon nitride, vanadiumsilicon nitride, titaniumalumniumsilicon
nitride, wo22@madsam al umi nium silicon nitride. Preferalpcy/Atheowvmigar is a
first wafer substrate with a front side %hd an opposi ng 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 Qf t first wafer to seal the.at < | 8ot Bk, the
second is &é?f%tgbel%h%l‘é?}“l%{lf’ﬂseh%?é?tsgﬁ%lsapgasﬂgfﬁg%%lae&gfcéﬁgfga%o\tggﬁémn%r’ ane is
non-planar. Preferably the wafer bonding is direct wafer bondi ng whereby
the contacting surfaces of the first and second wafers are ultra ¢l ean, and

activat ed Byeferakliyrihe ptessaragensepfirthercomprisgtrbarshired Sarbpve HYBAIPIGS and
th b t _into. { j : : : he fl exi bl
cor r ugat ed Nratraine A P Rk b BRAT e Bepd LAt " T R Sensor

has a | §near response up to about | MPa. Preferably, the contacting surfaces
are brought together at a tenmperature greater, han 700QC. Pr.ef er abl he

vaf er bondiPrefetablyathedhemben therfiexahle é@%ﬁﬁ@r*’é’ﬂﬁh‘? P@O%‘Btr‘?g éﬂff‘?lﬁ'é aE%E’PéS%gn of
the first and. LR8Iy RlabiagetaRpd hRTUpBLIASS tdchidues.

Pr ef er abl ya{%ﬂg:%ﬁ,a%%g% \ﬁgﬁfﬁ%ﬁggﬁgﬁ?@g}e@mdi%t g | ayer bondi nsg wher eby ghl ayer
of low nelting point material is applied to one or both of the contacting
surfaces of the first and second wafers so that heat and pressure forns the
waf er bond Prefesblythe memiang is sﬁgfapionggrﬁg}snt material is silicon nitride or

titaniypnitride. Preferably the guard is a |amnate having at |east two
| ayers.

O

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.

25 ‘ .
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.



Preferably the layers are different materials. Preferably the different
materials are silicon nitride and silicon dioxide. In a seventh aspect the
present iwWoentdm@msprovi des a pressure sensor for sensi ngCca/Au2m4doprigssur e,
the pressure sensor conprising: a chambér’ partially defined by a flexible
menbrane, the flexible nenbrane at |east partially formed from conductive
material, and the chanber containing a fluid at a reference pressure, such
that the flexible nmenbrane deflects fromany pressure difference between
the reference pressure and the fluid pressure; a conductive layer within
the chanbep,.apa0¢¢thd haabiahe dfdnexirab eo0midssane; and, associated circuitry

i ncorporating the flexible nmenbrane and the conductive | ayer; such that,

t he conductive | ayer and the flexi ble nmenbrane form capacitor el ectrodes
and the defl ect.i,on of j ahs: HinTe ST aCdoigace whi ch
t he associgF%ﬁﬂ%Vggﬁﬁ?%%q%%%gé%?é9fﬁﬁgugn odﬁgﬁ% sid%gﬁlﬁﬁgicative of the
fluid pyessure; wherein, the conductive layer is arranged such that

defl ection of the nmenbrane towards the.conducti | ayer, can_di he
fluid fronPrederalythe heciblemiabianelsd 1?%1&?3}?6{81%4@%”? elra?/efﬁe”%ﬁ%?%%ﬁ?a% he

pressure s By forRRIHoratoRuclivyRatedibl. | east partially
deposi ted §€/‘§e§ftpégé&%%§%ﬁ@?i£g\%hﬁay%r. Pr ef eor ably the pressure sensor further

conprises a CMOS | ayer di sposed between the conductive |ayer and the
substrate. Preferably the., rgne.i s approxi I . -1- hi . erably
t he conducP rqf%rablé{?[.@} lyaV s mﬂﬁr%ﬁﬁtﬂg@?enqrgﬁg ﬁogqrg? tc‘)ﬁ?%n% Bh% d%gg%ﬁl{% g#(lilg@fe?lg

undef | g6t ethedl ABmics.

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

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 titanium, tantalum or vanadium.

20
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
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 Athe 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.



Preferably the pressure sensor further conprises an apertured guard over
the nmenbrane formed using |ithographically masked etching and deposition

t echni quewoO 2Bveaf4e3sabl y, the chanber, the_fl exi bl e nenbr @oe/aandodtdoet19
associated circuitry are formed on a sil#%on wafer substrate using

l'i t hographically masked etching and deposition techniques. Preferably the
menbrane is less than 0.1 grans. Preferably the pressure sensor is adapted
to sense the air pressure within a pneumatic tire. Preferably the nmenbrane
is non-planar. Preferably the nmenbrane is corrugated. Preferably, the

menbrane corrugati ons have a peri od of b%tme§q¥5 nicrﬁns and 1 icrons. -
Pr ef er abiPyeferahly the mspbrane1s atlgay pariialy forgned; oy, p getal (Grafiia ma gati ons

are annular. Preferably the corrugations have a substantially square-shaped
cross-sectional profile. Preferably the flexible corrugated nmenbrane has a
cor r ugat i oPréfaabbrthetolucfyedaamis iy amfrtalatmider has a |inear response up to
about | MPa. Preferably the sensor is powered by a long-life battery.
Preferaﬁly the sensor is powered by radio waves transmtted froma renote

source. PrefgtaBlWnt Menfirid iPhigmiBARIARS, thitaldm AF AT Mmabiavi figidl | east two
| ayers wherein at” | east one of the layers is at |least partially formed from

conductive material. Preferably the layers within the |am nate are be

formed fromthe, depositi,on af . di.fferent 1 €S. Preferably the
nmetal cer a:ﬁr%tgmgfyetgﬁg’teg}br?ﬁet?iba&n%efl @(gﬁ}(%de?g?f%ﬁ&ré?des. Preferably, the
netal ceramcs are titaniumnitride, titaniumalumniumnitride, tantalum
silicon nitride, titaniumalumniumsilicon nitride tan&al um al um{i}i um

si | i conOni tAréfdenblyrthe Mixethingtabpisrides appfiteniym silieon niffies tagtalym silicopittde | 5
vanadium silicon nitride, titanium aluminium silicon nitride, or tantalum aluminium silicon

net al .

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 are ltra clean, and activated by making them hydrophilic or

25  hydrophobic prior to bonding, énd 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.



Preferably the nmetal is titanium tantalumor vanadium Preferably the
pressure sensor further conprises a second chanber with a second nenbrane,
t he secomsloch@ntaess7bei ng seal ed fromthe fluid pressurepramAizbhe/®enaond
menbrane deflecting froma predeterm nedz%r essure difference in the second
chanber; wherein, 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 a conductive |ayer deposited in each of the first and second
chanber s apgthBlyfthé ShfeaBendELE BNMollicbonbing ofkrdwhsely thieeontndnesirfaeps sfich
that, the conductyi ve layer in the first chanber and the first flexible
menbr ane f therfirstardsieeand wafershenela darapvoliags apRlisdad SR the first flexible
menbr ane changes the capacitance which the associated circuitry converts to
the output signal.Preferably the nenbrane is at least partially formed from
a net al 5 cepasftabRahewa bolling ériatyedibie 1oy bunding evhembari leydr of dowrptedting
nitride. Preferably the nmenbrane is titaniumnitride, taptalumnitride,
vanadi um npeit gaterial srapplhgs tp oanger hethnfirconiaqiue suiians 0? H’Sﬁrﬁﬁ %P@cfe?ﬂﬂ%al
nitrides. Wa?érggcﬂﬂa{héa gndTi)ll)énglréTﬁ)trﬁlg M WhfeflGSndr € titaniumsilicon nitride,
tantalum silicon nitride, vanadiumsilicon nitride, titanium alum nium
silicon nitride, or tantalumalum niumsilicon nitride. Preferably the
conduct i ve pket@blyi the Rpefrieltingthoir nadtérdalig dikcdd nitritictay titdrsuwnnitiidebet ween t he
menbrane and the conductive layer. Preferably the wafer is a first wafer
substrd®e with a front side and an opposi ng back side, a recess etched into

the front $ige AnAnalukast 1:ANRBRkENELERES kb UYeihe back side to the

Preferably the layers are different materials.

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 containing a fluidata
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 membrane; and,
associated circuitry incorporating the ﬂexib‘le"“me(mbrane and the conductive layer; such

the conductive layer and the flexible membrane form capacitor electrodes anq the
deflection of the flexible membrane changes the capacitance which the associated
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 comprises a passivation layer at least partially

deposited over the conductive layer.



recess; and the sensor further conprising: a second wafer on the back side
of the first wafer to seal the at |east one hole; wherein, the second wafer
i s waf er wonded4eis7t he first wafer substrate. Preferabl ycrhanzomioor4ibondi ng
is direct wafer bondi ng whereby the cont%%ting surfaces of the first and
second wafers are ultra clean, and activated by maki ng them hydrophilic or
hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. Preferably the contacting surfaces are brought together at a
tenperature greater than 7000C. Preferably, the wafer bonding is anodic
bondi ng of besfsraklianepiesihe &t athén@nguistas €3108$ layeedifpossd betwtes ¢oond
waf ers have a |l arge voltage applied across them Preferably the wafer
bondi ng i s condustivietiver and)t 7@ﬂﬁ§€ﬁding whereby a layer of |ow melting point
material 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.
Pref er abl y prdrerabBWheBlchibRgheio bppirokiaiaesly 8l5pinsthidd. i con nitride or titanium
nitride. Preferably the nenbrane is circular with a dianeter |ess than 500
m crons. Preferably the nenbrane dianeter is |ess than 300 m crons.
Preferablyt rane, di. c 1.Cr | ayers are
di fferent ﬁﬁ%@?ﬁ§ﬁ§?°?$%¥%r%%&§n§k%sﬁgﬂég?gﬁ?ﬂ§§$§£?%?%&Q%gni§$¥%0% nitride
and sil i coppdéfpectedastaté.n an ei ght h aspect the present invention provides a
pressure sensor for sensing a fluid pressure, the pressure sensor
conprising: a chanber partially defined by a flexible nenbrane, the
flexib ! 1 1 Whehehbrak | east
one of {he T ayapy e pRsAZERLCRIAL Rl ERGerki) LEG r

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 microns Tand 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.



formed from conductive material, and the chanber containing a fluid at a
reference pressure, such that the flexible nmenbrane deflects from any

pr essur e wof2h@vmmse bet ween the reference pressure and wrha/Aul2m4doprigssur e;
and, associated circuitry for converting3leflection of the flexible
menbrane into an output signal indicative of the fluid pressure. Preferably
the layers within the lamnate are be forned fromthe deposition of
different netal ceramcs. Preferably the nmetal ceramcs are netal nitrides
or mxed nmetal nitrides.Preferably the netal ceramcs are titaniumnitride,
titanium a'}%’fkﬁb%@iséﬂsbplg,po%%dadywoﬁ'FllifeBﬁttdﬂyt ride, titanium aluninium
silicon nitride, tantalumalumniumsilicon nitride. Preferably one or nore
of the layers of the laminate is nmetal. Preferably the nmetal is titanium
tant al um or, vanadi um_ Preferabl y, : ] DefReane and

t he associQ?Q%H@ﬁwﬁﬁF?PVrgﬁ?“ﬁgﬁﬁaéﬁgwg%gggﬁ%%%%ﬁégggﬁfgu sgrate&%sing

|'i t hogr gphi cally masked etching and deposition techniques. Preferably the

menbrane is less than 0.1 grams. Preferably the pressure sensor .is datPt ed
to sense t Reefarablythedlewible wembrane is plagtinaie Pavipg peleagiup LAVaH W HE aﬁ@"r% ane

s non- pl angp o (AL RIER Y 1 BFIITHY Biified BofiUohtigdhvetnardiif erably, the

menbr ane corruga ave a per etween 5 mcrons and 15 m crons.
Preferably, the nmenbrane is substantially circular and the corrugations are

| ar. Pref bly.th rr! t] h b tj al,l y - d
cross. Sect Faparaobr Belaers Wiihipias SRR Sehs PREST Bo8 hoPTogIPEa: Hbehne has
a corrqgat irR&alfc%Pa{rﬁ%s.Of 8.

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

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 titanitum, 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.



Preferably the sensor has a linear response up to about | MPa. Preferably
the sensor is powered by a long-life battery. Preferably the sensor is
power ed bwonaabm@23saves transmtted from a renpte sourcePPTaRr@moy41d he
sensor is a capacitative sensor having: # conductive |ayer deposited in the
chanber to forma first capacitor electrode; and, the flexible nenbrane is
conductive in order to forma second capacitor electrode; such that,

defl ection of the flexible nenbrane changes the capacitance which the
associated circuitry converts to the output signal; wherein, the conductive

| ayer is arranged such that deflection of the nmenbrane towards th
conduct i ve Prefgrablydhamembsansds at lsest pattiply f%ﬁ—ﬁé@}% é‘?’Ft"(ﬁ Wgraﬁﬂﬁ’ﬂ}aé‘ﬁ@?a nd the

conductive layer. hi a further aspect there is provided a pressure sensor
further conprising a passivation |layer at |east partially deposited over

t he conduc®Preferabiie conductivotdranicas pectalniteide. i s provi ded a pressure sensor
further _conprising a CMOS | ayer di sposed between the conductive | ayer and
the sub8trate. Preferably the nenbrane i s approxi mately 0.5mm thick.

Pref er abl y Pﬁ}‘é‘ra{%@;&l&’ Gl alAY faniin bR, tHANuBGiFde! Pandfunomide menbr ane

inits undeflect state. hi a further aspect there is provided a pressure
sensor further conprising an apertured guard over the nenbrane fornmed using

| it hographi_cal l sked .et chi and 0Si.1i hnjques. - In a further
aspect the?@ggggbggepﬁﬁﬂ”gmﬁ?@ggﬁp§d3§ﬁ%g?x?ﬁﬁgﬁgﬁﬁggﬁbrising a second
chanber with a second nenbrane, the second chanber being sealed fromthe
fluid pressure and the o . . iy -
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 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 Bondihg 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.



second menbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, the associated circuitry converts the deflection
of the sewondoammdsrane i nto an adj ustnment of the out put PETHNEDO4001419
conpensate for the tenperature of the sed¥or.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 flexible nenbranes are
conductive; such that, the conductive layer in the first chanber and the
first flexible nenbrane form capacitor el ectrodes and the deflection of the

first flexiphle BBTRE AAfrBOAMARSs foh@medRATLJR ORI WHerdbya lagaofiat adlting
circuitry convert's to the output si naI.h Preferably the menbrane is at
til:(ért

| east par t ipaldt ynateriatrischpbhiedriceoneetr Ao erentaating speces pf Brediatiang seens
conductive ceram g i tal nitride, Pr |y the nenbrane is titanium
nitride, t QF&%&%?E?&SEEPVEﬂE & SEP?W?%%S&%?eferably the nenbrane is be

formed §rom m xed netal nitrides. Preferably the m xed netal nitrides are
titaniumsilicon nitride, tantalumsilicon nitr i,(ije, vanadi um silicon
nitride, tiBrefoably the low melinsshaintopaterialis sijeon BNqeLT PRI ni um sili con
nitride. Preferably the conductive layer is apertured to allowthe fluid to
flow from between the nenbrane and the conductive |ayer. Preferably the
wafer is a Hrifesdblpb eiensbiigd isaireulai witha dianoeter lsssabarad@) micrapposi ng back
side, a recess etched into the front side and at | east one hole etched from
t he back side to the recess; and the sensor further conprising: a' Second
waf er dA t Hrefscabky thie deenafranchdiamietes is lgggrthan 30D WEPNSt he at | east one hol e;
wher ei n,

Preferably the membrane diameter is 100 microns.

Preferably the layers are different materials.

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

20 In 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 isa
laminate having at least two layers wherein at least one of the layers is at 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 converting d.eﬂéctio‘r:i‘ 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.



t he 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 fiwetoeam2zsecond wafers are ultra clean, and actiPeataadodyoraki ng

t hem hydr ophi | i ¢ or hydrophobic prior to3onding, and then brought into
contact at high tenperature.Preferably the contacting surfaces are brought
together at a tenperature greater than 7000C. Preferably, the wafer bonding

i s anodi ¢ hondi of fers whereby the contacti.ng. o] < the. fi and
second waf ef%eTh éheamptgf@eéar\x}bqs GUAnE ?lé%feag{r}%%@y% %gﬁnﬁlﬁgfr)ltélﬁedr%ég%ﬂt e
waf er bondiigon Sitdid¥, GrAReh aluthihiauesilibandirie, whahebylumihayesiliodn hiawderel ti ng

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 l.ow neltin i i ] i Ligpn nitride or titanium
nitride. PPE‘??%YFQBIOQGf’ﬁgloﬁeg%ﬁtgggé’e@f?%%&Pgarctev%%hﬁé di aneter |ess than 500
m cronss Preferably the nenbrane dianeter is | ess than 300 m crons.

Preferably the nmenbrane_dianeter is 100 m crons. Preferably the |ayers are
di f f erent ~ Reafereblyithe mprabisditamp, anialymor ¥padi et eri al s are silicon nitride
and silicon dioxide. In a ninth aspect the present invention provides a
pressure sensor for sensing a fluid pressure, the pressure sensor

conpri si ngPreferabliyetheshiraberathe fleixitiie membrawsnddhd 4sexdibted cirewitsy arefospod e ng

t he recess tg define a chamber containi a fluid,at a refer.en re,
such that eR8icPnatE |sgb%%q%qgelltgggqagﬁlp£i%aﬁgslge eg‘ihér&%ﬁde& |°1?1 81? ger?ﬁﬁgﬁg'

bet weepythe reference pressure and the fluid pressure; associated circuitry
for converting the deflection of the flexible nenbrane into an
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 " o
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.



out put signal indicative of the fluid pressure; and, an apertured guard
over the nenbrane fornmed using |ithographically masked etchi ng and

deposi ti onoteamezgaes. Pref erably the fl exi bl e menbrane ipsTaU2e0W008t12 havi ng
at least two layers formed fromthe depod?tion of different netal ceranmics.
Preferably the nmetal ceramics are netal nitrides or mxed netal nitrides.
Preferably the netal ceramcs are titaniumnitride, titanium alum nium
nitride, t%g%él F&Fﬁl licon nitride, titani.umalumniumsilicon nitride, or

t ant al um aPEFEPRPLRE STISEA &frRdalYve SPEYdPSBI one or nore of the layers of

the I amnate is BhdlctivEIRELddRkYed RahEBaber S forinanfirsieapbéitur @lactrode; and,
vanadi um Preferably, the chanber, the flexible menbrane and the assodci ated
circuitry are althe flenibhecneprbranesis cpedistivefreordet todorm g seqead ggpacttor electrode;

| it hographi cal masked et ching and deposition techniques. Preferably the
menbr ane i§u‘$}’e bthan 0.1 grans. Preferably the pressure sensor is adapted

to sense the ai jepe@RRWIeheMdxihle neenfbrenyaiangestthe eapabitanice maldhythe hssoniatedr ane
is non-planar. Preferably the nenbrane is corrugated. Preferably, the
menbr ane ceiteigatcOBYRtsHA ke QutpyE sigsal stheld®meen 5 ni crons and 15 nicrons.

Preferably, th i - j ' '
referably e gggg;{dﬁa%e' 1§¥633§%%{%a %Ldryth&ﬂ deflebidin ke tRBILERESEAs as are

annul ar. Prefer e cor ave a substantially square-shaped
Cr 0ss- sect icandbctive tdyiet €an dsptdcerthdilyid: fivem bebvedeb e membragatedit degtivehas a
corrugation factor of 8.Preferably the sensor has a |inear response up to
about INPaJQWWeferably the sensor is powered by a long-life battery.
Preferq@ly the sensor is powered by radio waves transmtted froma renote
source.

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

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 0.5pum 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 :
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
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.



Preferably the sensor is a capacitative sensor having: a conductive |ayer
deposited in the chamber to forma first capacitor electrode; and, the

f I exi bl e werheeaaess7s conductive in order to forma secomdmﬁpmwmm9

el ectrode; such that, deflection of the 3¢ exible nenbrane changes the
capaci tance which the associated circui try converts to the output signal;
wherein, the conductive |ayer is arranged such that deflection of the

he. monbr ahE B A seandn e paycrenSnvith B BT Byt byl O abh veer

er a

provided ay c}{%ffﬁ%%deseé&{asc@lamfberstam khCRRIPEdSIc0enBfl @abls invaatibrameslaay eondattivesast
partially deposited over the conductive |ayer. Preferably the pressure

sensor fur‘sr.trélrthdorrpri si ng a CMOS | ayer disposed between the conductive
| ayer and the substr Pr ef er I 5mm
: ﬁ&p Brﬁ: Jover In%/ Bl ot AEmTE ﬁ"&hdarﬂ? ﬁ}s? ﬂggiBfe%érHﬁﬁaﬁé Yorth

t hi ck. Preferabl I"ayer i's m crons fromthe

menbrang | @aﬂabﬁoﬂ%lé'&fdd@@élﬁﬂth&ﬁaﬂébtmﬁroéﬂ&rfabt fertible naqebrane dungesethe i s a
| am nate of different |layers. In a further R ﬁt t here Iai provi ded a

pressure semmeitafagrviviel ﬂ@@ﬁ?ﬂﬂ%ﬂf@”&“&)@%‘ﬁ’ﬂaﬂﬁ 8PP $180%: second menbr ane,
t he second chanber being sealed fromthe fluid pressure and thesecond
menbr ane deflecting froma predeterm ned pressure difference in the second

chanber; vvherel he asgsoci.ate u ert of the
second nenbrefE Y B MEMOLIUS ¢ 41 ég%rﬁﬁ plu ms?%ér%gll %ﬁlég%%éenzate f or
the tenperature of the sensor. Pref erably the sensor is a capacitative

sensor, with a conductive |ayer deposited in each of
10  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.

15

Preferably the mixed metal nitrides are titanium 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 int,d _the'front side and at least one hole etched from the back side to the

25  recess; and the sensor further comprising:

assecond 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 boriding 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.



the first and second chanbers and the first and second flexi bl e nenbranes
are conductive; such that, the conductive layer in the first chanber and

t he firstwbl2ecs/dabzs7nenbr ane f orm capaci tor el ectrodes amdTiARod@oi4et i on of
the first flexible nmenbrane changes the 8apacitance which the associated
circuitry converts to the output signal. Preferably the nenbrane is at

| east partially formed froma netal ceramc material. Preferably the
conductive ceramic is a nmetal nitride. Preferably the nenbrane is titanium
nitride, tantalumnitride, vanadiumnitride. Preferably the nmenbrane is be

formed fromgxss (KelcBhtablilg hffases 42 BiowbRbYethfitat Aitaperafitafrentct thatles ar e
titaniumsilicon nitride, tantalumsilicon nitride, vanadiumsilicon

nitride, ti?08M.um al uniniumsilicon nitride, or tantal um al um niumsilicon
nitride. Preferably the conductive layer is apertured to allowthe fluid to
fl ow from between the nenbrane and the conductive |ayer. Preferably the

vafer i g a drifefdbly\@iewatetboidiag B anbdib bandingbffes wiseretndtha contpetig sugfabesodd
side, a recess etched into the front side and_at | east one hole etched from
the back sithefirsyandeecpad wefors bwg alnge yehags anplied AFPSTH&Pr i si ng: a second
waf er on the back side of the first wafer to seal the at | east one hol e;
wherei n,the second wafer is wafer bonded to the first wafer substrate.

Pref er abl y Hrbferabdy e viefacbongdingss diteretliatalbper tomdotignghentter elayert dfdowontlting i ng

surfaces of the first and second fers. are ultra clean,..an ctjvated by

vkl oo horaok driaLls oRie RS SRORIRET & e Porar Rt Bt A e St

into copt a%%tﬁﬁs sBiﬂ?ﬁhE%%ﬁ@?és%&-foﬂﬁﬁ@%%r%oh@e contacting surfaces are
er a r

br ought 't oge a tenperature greater than

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.



7000C. Preferably, the wafer bonding is anodic bonding offers whereby the
contacting surfaces of the first and second wafers have a | arge voltage
appl i ed awoass/mbsm Preferably the wafer bonding is i nternadiatoeidiayer
bondi ng whereby a | ayer of |ow nelting pﬁfnt material 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 |low nelting point
material is silicon nitride or titaniumnitride. Preferably the nenbrane is
circular with a dianeter |ess than 500 mcrons. Preferably the nmenbrane

di aneter i prdaaslyithanc30R MembRAsis Ansfienehdyng ftdesse vy muyers dommet feom itlee 100
m crons. Preferagly the layers are different materials. Preferably the

di fferent wepasitionlof dafferentihetebeer#nicsi de and silicon dioxide. In a further
aspect the present invention provides a nmethod of fabricating pressure
sensor for sensing a fluid pressure, the nethod of fabrication conprising:
sequent 5al pedfefabRahandtlepasiitd @ metal mittides almiand metwheridesubstrate to form
a chanber at least partially defined by a flexible nmenbrane; such

t hat, during use the chanber contains a fluid at a reference pressure and
the f1 exi blyg ABRRI A0 LbARS: 4E AR hAtadleublh AiERGe RRSaSeRng

ref erence préessure and 1 he uid pressure; depositing associated circuitry
for conver tsilivgn hiteide eftardamiabminfum kidicén eitids, er tastalura abmiintum sikcan pipigde.
signal indicative of the fluid pressure; and, depositing an apertured guard
over the menbrane. Preferably the apertured guard is deposited as |ayers of

differgpt mRLELHAI sheld? thite B thel 187818 @e 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.

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 different materials are silicon nitride and silicon dioxide.
In a tenth aspect the present invention provides a pressure sensor for
sensi ng awDl2oeeh4pssessure, the pressure sensor conpri Si n@CTAWRh@EVIOE9
partially defined by a flexible nenbr ane3? t he chanber containing a fluid at
a reference pressure, such that the flexible nenbrane deflects due to
pressure differentials between the reference pressure and the fluid
pressure, the nenbrane being at |least partially forned from conductive
material; a conductive |layer within the chanber spaced fromthe flexible
menbr ane s pedferdibigtthd f@¥od 10k D 1BRROSERGse e &t abodesMPa. a capaci tor; and,
associated circuitry for converting the deflection of the flexible nenbrane
into an output signal indicative of the fluid pressure; wherein, the

conductive,l averi.s_| . 1. C : he menbrane in it
undef | ect eHreg%/rg{’lg.tﬁﬁeg’?érrlég?{&e%ﬁﬁﬁ lggg%geﬁa?re%r ane is a |l alm' nlatz havi ng at

| east tyw |layers fornmed fromthe deposition of different netal ceramcs.
Preferably the netal ceramcs are nmetal nitrides 0(5 m xed tal nitrides.
Pr ef er abl y Preferahkythe seuserispewersdbyradigiyayss Hpasmiied frop & SRS ni um
nitride, tantalumsilicon nitride, titaniumalumniumsilicon nitride, or
tantalumalumniumsilicon nitride.Preferably one or nore of the | ayers of
t he | ami naPgefemblyethabensér isfacmapiditativhsensattalvings titani um tantal um or

di Pr ef bly, th hanber, . t flexibl nb ) 1
ayer and the a8SOBliiEA T GORTY BB S IeD o T St AP LE
substr qge usi ng ghd n%@&l%%?é?ﬁtﬁﬁﬁé % BRGIcade 8f Slabne foRf adenasl dapasitot elebibdpyies .

a

Preferably the nenbrane Is less than 0.1 grans.
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 0.5pm 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

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



Preferably the pressure sensor is adapted to sense the air pressure within
a pneumatic tire. Preferably the nenbrane is non-planar. Preferably the
menbr ane we 20avwessat ed. Preferably, the nenbrane corrugatCironodawetia peri od
of between 5 microns and 15 microns. Preff@rably, the menbrane is
substantially circular and the corrugations are annular. Preferably the
corrugations have a substantially square-shaped cross-sectional profile.

Preferably the flexjble corrugated nenqbrane has a corkugation factqr of 8.
Pr ef er abl y SefnddRea @n%(é%fpegtlpg ﬁealranéE%S% e{]BrCF%lr%gl(g{?f%Fﬁ/ﬁé&leﬁ?%qn rably
the sensor dy B%@gh{gy a long-life battery. Preferably the sensor is

powered by radio waves transnmtted froma renote source.Preferably the
conduct i ve | ayerthé ssseciatad gizchitry chnventsttheidsfleston efthe seqond masphspmiata ¥har ds

t he conductiyve, | ayer..can, displace the fl ui r rane and
t he conduc ﬁ%“ﬁ@g &f the,oytopt ?W?a‘lﬁtg FOR® B%Sc?té fglﬁ glegé%ge?%ere{geegfetﬁg ger}&?ﬂ?t her
conpri skng a passivation |ayer at |east partially deposited over the

conductive layer. hi another aspect the pressure sensaor further conp i§i ng
a CMOS | aydirefgrabliothe denser icfeqapaditative penset Witk 4 eppdpctivisdayss depested ygach o

Preferably the nenbrane. i i .ok .
conductive tf‘%ﬁ?? aﬁ%sch@%élfaﬁr%%?%%f&n%ﬂ%?ﬁg%énﬁ)ﬁ%% EE* 1%%5%%2&'&29% %égﬁd&twe’
undef | ect edhyshh éag. Preferably the apertured guard is a | am nate of

different layers, a a further aspect there is, praqvided. ressur e. sensor
further co _rrp)r/i sithgcendyeivsiayera p- rshphagbsgr %‘g‘ﬁ%rﬁgﬁﬁ}biﬁ&e@%‘eg%nd
chamber;gbei ng, §62LRAdQThd ife denubitbPSBRS HEsE NBRiBIe!Hémbrane changes the

capacitance which the associated circuitry converts to the output signal.

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 conductive 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,



second menbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, the associated circuitry converts the deflection
of the sewondoammdsrane i nto an adj ustnment of the out put PETHMNEDO4001419
conpensate for the tenperature of the seAsor. Preferably the second chanber
has a second conductive layer to forma capacitative sensor; such that, the
associated circuitry uses the change in capacitance fromdeflection of the

second flexible nmbrane, to calibrate. the output signal. Preferably the
second menthespsonewy rr%%@%rbaﬁkﬁ&?ﬁvﬁﬁﬁvwﬂ§f$ﬁﬁﬁ¢8 metal ceramic naterial
Preferably the conductive ceramic is a netal nitride.Preferably the

menbrane is titaniumnitride, tantalumnitride, or vanadiumnpnitride.
Pr ef er abl y Préferabisnthe avaderitonfing nediréat wrafer bonstiag wherehly the eentersingppdness 28| y

the mxed netagl nifride. i | d.f i tani e P4 rd.de .- t al
Si i Con ni 063 Bt SRR AER PR ol vy i bof Py FE R bt g <! o
nitrides OhyliRPhEbiFiBE BINIHE Shd theBrdlight infecontict hietiigh kempereuwonduct i ve

| ayer is apértured to allowthe fluid to flow from between the nmenbrane and
the conductive layer. Preferably the wafer is a first wafer substrate with

¢ i 1 . . ¢ ¢ sid
and a1 cadre OB SRR G Bk SRl BT R BchBughtll =1 Ce
sensor furtfiePcconprising: 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. Preferably the wafer bonding is direct

waf er %”diﬁ}gfe%?}?, Y wh A GRS B Eic BOhAAE SBreff 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
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,



the first and second wafers are ultra clean, and activated by making them
hydr ophi li ¢ or hydrophobic prior to bonding, and then brought into contact
at hi gh twopescaesse. Preferably the contacting surfacesprarauzo@wignto
together at a tenperature greater than H0C.  Pref erably, the wafer bonding
i s anodi ¢ bonding offers whereby the contacting surfaces of the first and
second wafers have a |l arge voltage applied across them Preferably the

f bondi g I di I . bongli. I ti
boi ni ot er | a1 R B ORI B BrinR g R | RACERt ey i hy TEKOITL | 12

first and gReMsheRHIRES fiveh 4 PREsuRE aiffeddiide PEBRERH it fefireretphesswvafaad the fluid
bond. Preferably the low nelting point material is silicon nitride or

titani um nptassude. Preferably the nmenbrane is circular with a dianeter |ess

than 500 m cr Onéfsl?ciggtfr{gga{s?bc:i%e& aFcugE?nyr%QﬁvéHi eflb&ion®Tehd 1&Fb1R00

m crons. Prefer rane di-ameter 1s m crons. Preferably the

| ayers ar epgnffraiesinto apdepitaighal iRdrhtvedl the flofl ptedsiey; end, material s are
silicon nitride and silicon digoxide. In_an el eventh aspect the present

i nvention provi derositing-anspgrtared g4aEovebhedBsiBPAle-a 1 ui d pressure, the
pressure sensor conprising: a chanber partially defined by a flexible
menbrane, the chanber containing a fluid at a reference pressure, such that
t he flexi bipgefombly theepaaitdgiasd fsrdpposited ap layssuofalifferefiomeatadels efoweh t he
reference pressure and the fluid pressure, the nenbrane being at |east
partial |y 1®P#®8@- from conductive material; and, associated circuitry for
convertihyng the deflection of the flexible nenbrane into an output signal

indi catrve of the fluid pressure; wherein, the flexible menbrane is |ess
t han 3 mi ciPoeferably thk 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 least 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.



Preferably the flexible nenbrane is a | am nate having at |east two | ayers
formed fromthe deposition of different nmetal ceramcs. Preferably the
met al cerwoi2o®/|@exs7et al nitrides or mixed nmetal nitri desT/ARnedsaoatiby t he
nmetal ceranmics are titaniumnitride, tit&Aiumalumniumnitride, tantalum
silicon nitride, titaniumalumniumsilicon nitride, or tantalum al um nium
silicon nitride. Preferably one or nore of the layers of the lamnate is
netal. Preferably the netal is titanium tantalum or vanadi um Preferably

t he chanber, the flexible nenbrane, and the associated circuitry are al
formed on @rsfetdhPehediBre o B 1hPdre o ik MininbieogHeahi cal | y masked et ching
and deposition techniques. Preferably the sensor is a capacitative sensor
havi ng: a conductive | ayer deposited in the chanber to forma first

capaci tor gje trode: and, t.he.flexi is conductive in order to
forma sec ﬁﬁ%féﬁaiFPﬁﬁgé?ég #%%E%hghgﬁﬂSﬁg%ﬁﬂﬁéflection of the flexible
menbr ang changes the capacitance which the associated circuitry converts to
t he out put signal; wherein, the conductive |ayer .is, arranged such th

def | ect i on Raeferably, ikmehamber. temaerdble opranbianm e sopdugtivpdayeg and Hegtogtated ne
fluid fr Omc?r%{lf@@gaqe bt gorg%g%ql%i&)lﬁq)v HARGY ﬁgihg ﬁtﬂo%\i{ma?)gnﬁaﬁ{] glaStaddhihhe

pressure sensor i s adapted to sense the air pressure In"a pneunatic
tire. Pref endldepositien wehriqwse i s non-planar. Preferably the nenbrane is
corrugated. Preferably, the nmenbrane corrugations have a period of between
5 mcrons and 15 m crons.

10 Preferably the membrane is less than 0.1 grams.

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.



Preferably, the nenbrane is substantially circular and the corrugations are
annul ar. Preferably the corrugations have a substantially square-shaped

cr oss- secwpanalo4p3sef i | e. Preferably the flexible corrugaCceduremimoane has a
corrugation factor of 8. Preferably the $&nsor has a |inear response up to
about | MPa. Preferably the sensor is powered by a long-life

battery. Preferably the sensor is powered by radio waves transmtted froma

renpt e source eferabl y. .t he conductive |ayer .i rranged_such that

defl ection Pé?felfagg’ tﬁ?@ﬁﬁ‘?‘l&%@"? E"\XB‘P‘ﬁéﬂf‘ﬂ%edc%‘ﬁ@ﬁ’@f F?ﬁi%%ﬁ}é’? %{Hefa?%% %(‘:’Vearil%e
fluid fromgetiastiddfydreaR uapRca i} i@ reATUIGEéY e nfétiirand shdatht bsddietive
aspect there is provided a pressure sensor further conprising a passivation

| ayer at |dasr. partially deposited over the conductive layer. In a further
aspect there is provided a pressure sensor further conprising a CMOS | ayer
di sposed between the conductive |ayer and the substrate. Preferably the
menbr ang i 9n aFRkRriasRicethe Pedstii®stivoe KurttRe ebapeitihy atphssivaiod Uayter widledstyer 1S
| ess than 50 m crons fromthe nepbrane in its undeflected state. Preferably
t he aper t umattiajjysenositsd @verthe gonduichye @yeF erent | ayers. 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 arf ahfthersepednt theprbusnensaffighdricomptising aCpiGRayer disposel petesesur e
difference in the second chanmber; wherein, the associated circuitry
converts t Hie eydueleys lakerand ihesubedfd nenbrane into an adj ustnent of the
out put ;gi gnal to conpensate for the tenperature of the sensor. Preferably
t he second chanber has a second conductive |ayer to forma capacitative
Sensor ; Preferably the membrane is approximately 0.5um 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 second chamber has a second conductive layer to form a capacitative sensor;

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 a metal ceramic material.

Preferably the conductive ceramic is a metal nitride.



such that, the associated circuitry uses the change in capacitance from
defl ection of the second flexible nenbrane, to calibrate the output

si gnal . Prebepabi4g3sthe second nenbrane is at | east parti acrathoe0woediibr om a
metal ceramic material. Preferably the cdfductive ceranmic is a netal
nitride. Preferably the menbrane is titaniumnitride, tantalumnitride, or
vanadiumnitride. Preferably the nenbrane is fornmed froma m xed netal
nitride. Preferably the mxed netal nitride is selected fromt..tanium

S con ni teplaibly e R i gl AR b el M
titaniumalumniumsilicon nitride, or tantalum alum niumsilicon nitride.
Preferably the conductive layer is apertured to allow the fluid to flow

f r om bet wedtreferedlynibainrembwanmig formeedcsera garixodmety) aitrider ef erably the wafer is
a first wafer substrate with a front side and an opposi ng back side, a
recess etched into the front side and at | east one hole etched fromthe
back side tmefch®ly Beesised aithl hitfdsBnekectel dohhtaniwangiticai mgideatanenbon dilicad er
on the back side of the first wafer to seal the _at |east one hole; wherein,
t he second miafder vanadiyar licasgrirule, ignivmpalpminium,gicop ndlide g 4alumy of or abl y
the wafer b | ng i di £ . waf er bondi ng whereby the contacting surfaces
of the fi rs?&giﬁlgﬂgé@gﬁ%hﬁvg %rs are ultra cl ean, and activated bg maki ng

t hem hydrophilic or hydrophobic prior to bonding, and then brought into

contact at high tenperature. Preferably.the coptacting,surfaces are,brought
t oget her atPrngefaé%lbb@Fé’P yetiye layeets aPﬁ’é‘r’f)é%‘O&?.W %regfug:'l %ﬂ?wtﬁ?@ﬁﬁf”g?n $ndi ng
i's anodigc BoRdhide 2id BESodhRESEYayEe contacting surfaces of

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 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. |

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.



the first and second wafers have a | arge vol tage applied across

them Preferably the wafer bonding is internediate | ayer bondi ng whereby a

| ayer of wowoewal4eismg point material is applied to one oPChathro@iooi4ie
contacting surfaces of the first and secd®d wafers so that heat and
pressure fornms the wafer bond. Preferably the low nelting point material is
silicon nitride or titaniumnitride. Preferably the nmenbrane is circular

with a diangter .lLess .than . 500 micraops. . .Pref . 3 . di ameter is
| ess than g%6§ﬁ¢%¥§ﬁ§9wﬁP%E%$B%P H?ﬁ@awgﬁﬁ¥§%e %%#gﬁér ﬂg& "microns.
Preferably the layers are different materials. Preferably the different
materials are silicon nitride and silicon dioxjde. hi a twelfth aspect the
present i nvRuefaray theouembrane ispirylan matheediameter loss ham PR GUEORS Ui d pressure,
the pressure sensor conprising: a chanber partially defined by a flexible
menbrane, the.c er containing . a.fluid a r.ef erence pressure, such that
the flexibl eﬁﬁﬂﬁ?ﬁﬁ@“ﬁﬁ@?ﬁ%ﬁ?n%?%ﬁ§%ﬁ§&%?gg§5¥%nﬁ{fference bet ween t he

ref erence pressure and the fluid pressure, the nmenbrane being at |east
partially formed from conductive material; and, associated circuitry for
converti ng Riséerady theonesbrape diametar|ie kQbmECToRsbr ane i nt o an output signa
indicative of the fluid pressure; wherein, the associated circuitry is
adapted to be powered by electro-magnetic radiation transmtted froma
poi nt r enot Breferably thtagen serdiffetenf mawhbly. t he flexible menbrane is a

| am nate having at | east two |ayers formed fromthe deposition of different
metal clévamics. Preferably the nmetal ceramics are netal nitrides or nixed
metal nitri Fx%?eraﬁg]‘aineﬁp?ﬂleﬂgke{t ﬁgéﬁgﬁfagéﬁiﬁ@&r?ﬁih% Al Silicbh ARxie, ni tri de,

titani um al umni u tant a

15 In an eleventh 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 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.



silicon nitride, titaniumalumniumsilicon nitride, or tantal um al um nium
silicon nitride.Preferably one or nore of the |ayers of the lamnate is

net al . Prwbenel4y3sthe netal is titanium tantal um or vamatiAaurosmoefier ably
the chanmber, the flexible nenbrane, and tfie associated circuitry are all
formed on a silicon wafer substrate using |ithographically masked etching
and deposition techniques. Preferably the sensor is a capacitative sensor
havi ng: a conductive | ayer deposited in the chanber to forma first
capacitor. el ectrode; and, the flexible nmenbrane is conductive in order to
form a secqngresMprticlcAimBée HeMREle fi¢atbrideaind tehbpelatedtirbitiyhare bil €xinidde
menbr ane changes the capacitance which the associated circuitry converts to
t he out put i gysiliton wifer sbstrate weing ditenesanhically ayasked etching 4Ad dePasifi t hat

defl ection tof t he nmenbrane towards the conductive | ayer can displace the
fluid from B“é{‘%ugﬁ- t he nenbrane and the conductive |ayer. Preferably the
pressurg sensor is adapted to sense the air pressure within a pneunatic
tire. Preferably the nenbrane is non-planar. Preferably the nmenbrane is
cor r ugat ed.Prefesgby tisisgnsor Hea GAPAGIFANYE SeWPF hydRg ons have a period of between
5 mcrons and 15 m . i j .
circular and the @8@?@8’39?%‘%?Eggrsztggznnﬁﬂ%gﬁﬁéﬁ? er ab%?rst?lﬁ?%gﬁ ﬂgg%?ﬁgh%ndﬁave
a substanti al | y tagtaxibleshapbane iscoadsanieiinnader pr fokinl assecéhdedapacibiryelactrede;

fl exi bl e corrugated nenbrane has a corrugation factor of 8. Preferably the
sensor has S¥ch ar response up to about |IMPa. Preferably the flexible

menbrang is | essydagihmBofthe OBl MtAErane 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 has a linear response up to about 1MPa.

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



Preferably the pressure sensor further conprising a long-life battery
adapted for recharging by the renotely transmtted radi o waves. Preferably
t he condwOiI2o®/d4235¢r is arranged such that defl ection ofcrhanewiorane

t owards the conductive |ayer can displaceé8the fluid from between the
menbrane and the conductive |ayer. Preferably the pressure sensor further
conprising a passivation |ayer at |east partially deposited over the
conductive layer. Preferably the pressure sensor further conprising a CMOS
| ayer di sposed between the conductive |ayer and the substrate. Preferably
the menbrang.efg.ip HethdREEhHw@ePBItdd GhveshREIEAl fYorh BeeioBAbGicbve | ayer
is less than 50 nicrons fromthe nenbrane in its undeflected state.
Preferably the apertured guard is a lam nate of different layers. In a

further aspgct the .pressure sensor. further I Sl e with
a second %ﬁﬂﬂ?tfﬂﬁméggﬁﬁ @EﬁEéﬁ%?gﬁg?ﬁg%@%g?ggaggéﬁﬁiﬁggg?ﬁﬁ'ﬁ%?%é%ure
and t he ssecpadonRiEvaRScf@hl Bglicehd flgdfnp bewete te meadbpnessiihe cdnddotivence
in the second chanber; wherein, the associated circuitry converts the

defl ection leyert he second menbrane into an adjustnent of the output signa

to conpensate for the tenperature of the sensor.Preferably the second
chanber has a second conductive |layer to forma capacitative sensor; such
that, the apsofirteshpedtidte ivprovideda prwsurbaager funtheagmaprisargcepdssivation

defl ection of the second, flexible nenpbrane, to calibrate the output signal.
Pref erabl y lehier % &astrariahiienqatedoves the cgaductixe {3yst-| y forned from a metal
ceram c grat erial.

In a further aspect there is provided a 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 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,
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 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.



Preferably the conductive ceramic is a netal nitride. Preferably the
menbrane is titaniumnitride, tantalumnitride, or vanadiumnitride.

Pr ef er ablwot2he/mressr ane is formed froma m xed nmetal ni circanoivoeiganabl y
the nmixed netal nitride is selected from#itaniumsilicon nitride, tantal um
silicon nitride, vanadiumsilicon nitride, titanium alum niumsilicon
nitride, or tantalumalumniumsilicon nitride. Preferably the conductive

| ayer is aperjured.to all.owthe fluid to flowfro et wee 19 and
t he conduct ir?f%raLg&@F SeqsmdAReIpADe 1S5FL P%tfpéﬁl ?]é' HBH?%H* E?%Ifl%?f %g rgq’fég{tgga\?\ﬁ th
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 f ur tPuefierabbinheicondizstive ceremanid awagtelnitide: he 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. Preferably the wafer bonding is direct

waf er bgndimgremidty @ByndilsracORttRSIhMGitside ftaseRmohittdee of vamdivannitidc ond
wafers are ultra clean, and activated by maki ng them hydrophilic or
hydr ophobi ¢ prior to bonding, and then brought into contact at high

t enper at ur q,rg’freleafb t?llglt %ﬁﬁ%‘g§g§%§déj(g{lg#ig(@%ﬁ%mag?g?&ought together at a

t enperat ure great’e re bondi ng i s anodic
bondi ng of fers whereby the contacting surfaces of the first and second

waf ers have a_ |l arge voltage appl.i.ed acro t hem . Pref.erabl y. the fer.
bonding is Rr?ﬁe@bﬁéﬁlﬁé‘ﬁ%egw ngﬁﬂ%llsrf'ﬁ eﬁﬁ?@%@ﬁ‘}/“ﬁ‘@%@il"%‘? mit%%’ g&#‘?‘ﬂﬁﬂlﬁ&’nt
mat eri gy | %i@i@@,' \'za%gdihﬁhélﬁ&ﬁpﬁiu%E aftfunt DEnEAREASHdAGiSHE] #G8Ralam the first
and second waters so that heat and pressure forns the wafer bond.

aluminium 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.



Preferably the low nelting point material is silicon nitride or titanium
nitride. Preferably the nenbrane is circular with a dianmeter |ess than 500
m crons. Woebevebisy t he nenbrane diameter_is |ess than BO0/AG20040008419
Preferably the nenbrane diameter is 100 Plcrons. Preferably the |ayers are
different materials. Preferably the different materials are silicon nitride
and silicon dioxide. Brief Description of the Figures Enbodi nents of the

present inventiqn ,S n descri.bed b | ] f e
P o oo T ARSI RS 0L ST GOV o 1 b g
http:// wavi\%ﬁﬁ‘t' rhatéridlN§laHEd 80 ghP610801E bk Cantaydigesuriced of the fitis biidseond
typical TPMS used in a four wheel vehicle; Fig. 2 is a schematic parti al

section of wafesmedhatdseiindinigssuis forves BaBGEHMORE: of the present 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, 9,5 11Prefezablit the 184, mdliing pSint RihteridlisailidoR Aittilé ostitaniven sitdde. ons of an
enbodi ment at successive stages of fabrication;Fig. 24 is a schematic
partial section of a reference sensor for providing tenperature

conpensat i o cf oty 2 1RGNS Abrafte RGNS v AESERE 1 IHBRBDO RO 252 to 25d

are a schematic representation of the installation of the sensor in the
val ve stemof a vehicle tire; Fig. 26 is a diagramatic representati on of
t he sensor PRiefegably thefh@abrand diadnetet ihlead thapa0do ndtroper specti ves (some
partia!hﬁ sectioned) of a sensor according to an enbodi nent of the present
i nvent i 'oh;

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 to 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.



Figs. 28a (perspective view) and 28b (side view) illustrate a schematic of
a nenbrane with corrugations according to a possi bl e enbodi nent of the
present iwoentdm@ns7Fig. 29 illustrates a conpari son of PCcmaaro@d1419
non-linear theory with linear and non-lirdar finite element nodelling for a
flat circular titaniumnitride (TiN) nmenbrane, with R=50 mmand t = 0.5
mm Fig. 30 illustrates the effect of nenbrane corrugati ons on
pressure-deflection sensitivity; Fig. 31 illustrates an expanded vi ew of
Von M ses Stress distribution near an edge of a nenbrane, with/? = 1 MPa, (q
= 4 and |/ =pl@rffT} 0AE6r fb of3Be Idybr iR BMidheis@hdtgIct of tenperature on the
pressure-deflection response of a nenbrane with g - 8 and / = 10 mm

Det ai |l ed Description of the Preferred Enbodi nents The foll ow ng enbodi nents
are describgd.in.order to. provide a nmor reci se understandi ng of the

subj ect mat r@fer%flyltlf?ernﬁt?glgg]ﬁqlnﬁnﬁv%ﬂ‘iaglogﬁSrWﬁlgﬁ}'he embodi nents focus on a
capacitaive type sensor, ordinary workers in this field will readily
understand that the invention is equally applicable to other forng of

pressure sePeséralyighe chamber, fhepflexiblempembrans, and sassociated ciesvirae all fompgdreq
froma non- I I8l . I: HRGEE bhideSinl atact with
t he nenbran(gl?g%gﬁf% {)llé%:(’? fegg@%glj? ?et‘ﬁgﬂk&g}r}g‘gr%ﬁg&ggve r?glgéqgfg;ﬁngzmgﬁ%ﬁ uced
changes in feebhighdsvity (and hence current, if a voltage is applied) that
can be nonitored electronically. (ii) Resonant pressure sensors, where the
frequency of oscillation of the nenbrane depends on the pressure
differepnge. p al!al?'tﬁés%hsc{r%?G%%ﬁg%‘é'egso?ﬁﬁﬁﬁ%ﬂ vated by using a
time-varying electrostatic force between the Two electrodes. (iii) Force
conpensat i on pr essendacsenapersiepusiteddn e chhmbertodomn adirfteaparitos elagipidepand, o

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  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.

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.

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.



mai ntain the nenbrane at the initial position. Once again the electrostatic
force between the two el ectrodes can be used to position the nenbrane. Each
of these woensawo4eispes has particul ar advant ages and | i mPCRIAT2NGI/001419

Pi ezo-resi stive sensors are reasonably wef? known and under st ood but
require the use of exotic materials. The sensors of (ii) and (iii) are |ess
popul ar but do not require exotic materials. Capacitative sensors are
typically robust and highly versatile and therefore the preferred

enbodi mrents will be based on this type of sensor. Functional Overview A

brief overviréfeaibly the sbadt BaPBific r&Pome dphte abesiPaM | | be described with
reference to Figure 2. Figure 2 shows a schematic partial section of a

capacitative sensor fabricated using the masked |ithographic etching and

deposi ti on ? eg” C@%ﬁéﬂ&%@e‘i@%ﬂraﬂéf‘s‘ids’l éﬁ‘?nﬁ&gﬂé‘&ﬁ%ko” of sem conduct or

chi ps. The tron's are descri ed I'n bel ow. The sensor 30
is forme®l on a silicon substrate 32, provided wth seal ed channels or holes

33, on whic eposited a CMOS, | ayer 34, Acond ve | a
deposi t ed oﬁr f?ré‘glén\f)g@qea%? SepgoN %ﬁﬁmwl% 088 &%ﬁ%ﬁy P‘iipé‘?f? g"i recharging
il lustrat edb?,]'ﬁ'éere%m&%slrﬂae& AV wadesTBY be an insulating or

sem -conducting material. A conductive nenbrane 50 is spaced from
conductive layer 36 to forma reference chanber 58. Roof or cap 54 covers

th nb 4. T f 54 d h ho 40 h |
o the 1 kePraeablate dmdupiRiftes spieed shfbGatadlscfon 8t §F alinrate GRARE" °
nmenbr angy S0 téedoh8Edtve iRr th displhey @BtTual ﬁ%%ﬁﬁéé‘ﬁ thd BRuAIRIEHnd Fhe &ﬁi‘dh@twé on

for a given pressure di'fference, depends on the nenbrane dianeter and

t hi ckness, layer-nature of the . support (for exanple, strongly fixed, weakly
pi nned) , and the nenbrane material properties (for exanple elastic nDdqus,
Poi sson ratio, density). Both the nmenbrane 50 and conductive | ayer 36 are
el ectrodes, PwitrablydBy/ leSqurésensor 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 0.5um thick.
20
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.

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.



capaci tance, C, between them which depends upon the electrical permttivity
of the anbient material, e, the electrode spacing, d, and the el ectrode
area, A. Wwonowdme2zsase where both el ectrodes are circul arcuiagiesqs/0@14eA / d.
The sensor is then calibrated for neasuréd capacitance versus applied
pressure. Fabrication Overview Figures 4, 6, 7, 9, 11, 12, 14, 16, 17, 19,
21, 22 and 23 show the main |ithographic etching and deposition steps

involved in_ the fahrication o ressure sensor .according to the )
| vent §on.  FETHRIS R seeudharbe TR oro E R Oe B 8 B Reiifing sprvor
Figures 3, Qich®atl0., 13, 15, 18 and 20. Wien etching photoresistive

material the solid black areas of the masks are the regions that are
removed by the sthbsswgaieted circuitry usesvbeshangetio sapacimioedrore deflectind obthiser
non- phot or esi st j ye .l ayer t he Dbl,an r. unmasked, areas of the nmask denote
the regi onssefﬂ%‘iﬁ%f?{%le?f‘é%st?f&%ﬁ?"s%lﬁ 8%\/‘\3& t%qlgsl %"thi s field will understand
whi ch ngsks are applied to photoresist and which are applied to

non- photoresist. Figure 4 is section A-A" through the wafer 32 of a

partially fﬁg@r@%ﬁg %G(élﬁllqéﬁmﬂ_ﬁﬁe & %ﬁ%\@&é&ﬁ&ﬁf fored BSmPY B¥aPUshi D 8rial.

ground to t Ire ness an circuirtry 34 1s deposited on its
top surface. The final CMOS | ayer provides the bottom el ectrode 36 for the

sensor. Quard._ri 42 gre forned in the netallization |layers of the CMOS
circuitry 3 .efer#ﬁ?&?aqogﬁwtwager&%}smﬁ&alﬁﬁ%&or other fluid- fromdiffusing
fromthe subsequently etched seal ed passages 33 (see Fig. 2) through the
wafer 32 to the circuitry where it can cause corrosion. The mask 70 for
this fil0st Prefexibly dyaneBbrane isgitaninmi mtridegtan@lunpinittide, e vanadiin pgidens bei ng
etched away. As shown in Fig. 6, a passivation |ayer 37 and sacrificial

| ayer 38 are deposited next. This is followed by masking and etching

through to pReraily iionesbhat istbfm@Pfrothhi Bixet Glethisididown as the dielectric
etch and the associated mask 72 is shown in Fig. 5. The nask represents

Preferably the mixed metal nitride is selected from titanium silicon nitride, tantalum silicon
15  nitride, vanadium silicon nitride, titanium 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:

a second 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 into contact at high temperature.



the regions 46 that are etched. Followng the dielectric etch, the
sacrificial layer 38 is etched away with a different etchant which al so

et ches t wohotem283 deeper into the wafer substrate 32 PsEARI@/00)419
Referring to Fig.s 8 and 9, the passivatidn layer 37 is then etched in a
regi on 44 above the upper contact to provide an electrical pathway for the
second el ectrode (subsequently deposited). As shown in Fig. 11, sacrificial

material 48 i en deposj.ted to fill the openings 33 into the silicon 32
made by the™§ eéﬁ}tbzlé{ |°8E@F Pe S“ﬂE?P%S ?Isl;‘?{)%lﬁggf E?ﬁe@‘S’h%iaﬁﬁ’é‘B“&h‘f? BrepieE thag o
thesacri ficigaPcl ayer 48 is level and at a height which provides the

requi site gap hei ght between the top and bottom el ectrodes. The first
sacrificial layer 48 is then patterned and etched. The associ ated mask 76

i h i F.g.,,1Q. Fig.,. 12.sh .he d ey y
L ayer 50, skl Mo R e CPorBRERti ety BE BRERe RUARABE, o
mask 78 5shane fikdd afid Secohd walérk Ratchelafleanitagegiplied ab®sthenenoved by the etch

(see Fig. 14). The upper el ectrode | ayer 50 beconmes the flexible nmenbrane
in the finished sensor. A second sacrificial layer 52 is then deposited

(see Fig. HRAYA . i 1
Fro. 150 Figerei g R AN s i d el GO NnBNGy ROp| S 1SRG
et ched usi n@inmaskteBal is Bspiiedito obé or bali of thietchntaktimksuafaeessofitberfiust dnd sendFi g.
19). The wafer is subsequently turned over for  'back etching' fromthe
reverse si dealgrs sorfbatgpieandpresspreorms the safitdoRdyeep back etch 56 ext ending
throughgto nmeet 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 Rraferabdy thedawkneltiog p&ift miteeiakiasilicon aiteitle natitgniual nitrsder enoved by
pl asma cleaning (see Fig. 22) through the deep etch 56.

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.

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 (Prior art - hitp://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;



As shown in Fig. 23, the wafer is again turned over and the sacrificial
material 52 is renoved through the hole in the roof |ayer 54. To conplete
t he devi cwoQ 2046/03238ds t 0 be packaged, with the bottom f aceTaU2003m0nab er

bei ng seal ed. Skilled workers will appredPate that there are various

met hods of. achieving this. However, in the preferred enbodi nent, the
bottom face of the wafer is seal ed using wafer bonding, which is discussed

in detail | ow.. Tenper at ur e.. ensation Differential the nsi on of
e conpondiB LY ERFIRE S RFLLSRPaRAseraer pesp iok Provilih Bineife

def | ecti on Rpghehfiioaor £sdnbs RENAR t6'prddktit inVdntiohe sensor is used in an
environment with a |large tenperature variation, the sensor accuracy can

beconeunacddgs. 26k &0 25bargadehematiciipriesantasioprod sq instalaipnon! thesenser iadbgpyaye
with a tenperature [, Wwth the pressure sensor then calibrated as a
function of%%r?%%?’glﬁggzge’ro accommodate this, an enbodi nent of the present

i nventi @n GEp. TP \wehagabhinatit Feppésentaadeofthe seiper aircui® sensor to account for
tenmperature effects on the pressure sensor. A chematié: section of the
t enper at ur &Fis 2JpdmA7h areprgial perspariivey Eprae Pé’ﬁ‘éﬁﬁé?“@ﬁ? )R BRSO AEFRELDEAR o

t he sane m%egm%%gﬂt%e%%engﬁlgg% exposed to tire pressure |ike the

adj acent pressure sensor ( wn O.n’l n these enbodi nents, the coupl ed

sensor s f orFigansa¢peryectindviaw) efd2@ncrlester)illustrdte a scttetmatic oé 8 pramhrage withy

to thernmal changes. Ski |.] ed workers i his freld wll. appreciate that the

reference sORSE t_“?}’ér?cfé‘?rgglgst%la\l’éssé@_eﬁ Béﬁb%q"ﬁf’t %@ﬁ%ﬁpvgﬂrg]toﬁ’ the addition

of Circly trpigCRl fIRGRAbND cdBarkBRBE iAGH G8d hﬁn—‘liﬁ@arttﬁéﬂi’? kathUirRar ARl L lireer t O
wa

Fig. 24, the reference sensor is nade in the sane y as the active sensor,
except t hatfititeeeléroémsnat@llingfonadet ¢irputan sitandurh mitnide SDIN) menabrane; withh =r3of

| ayer 54. The s cr_ié)f%\ﬁi al material 52 between the nenbrane 50 and the roof
| ayer 54 i M vedWth a back etch t hrough the holes 40 in the nenbrane

50. Fig. 30 illustrates the effect of membrane corrugations on pressure-deflection sensitivity;
Fig. 31 illustrates an expanded view of Von Mises Stress distribution near an edge of a
15 membrane, with p =1 MPa, ¢ =4 and /= 10 pm; and
Fig. 32 illustrates the effect of temperature on the pressure-deflection response of a

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 present invention. While the embodiments focus
on 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:
@) 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
membrane give rise to piezo-induced changes in resistivity (and hence current,
if a voltage is applied) that can be monitored electronically.
(i)  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.
(ili) 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.



An alternative to this is to keep the nenbrane 50 intact and etch away the
second sacrificial layer material 52 from above the active part of this

| ayer, beWoreoddapsssi ti on of the roof |ayer 54. This cau®e3/Atheos#memisane 50
to be bonded to the roof 54, and this confG guration is nmuch stiffer.
Therefore, the exact dinensions of the reference sensor would need to be
adjusted to provide a simlar capacitance change in active and reference
sensors due to thermally induced stress changes in the menbrane 50.
Tenper at ure Conpensating Sensor Design _i : Figs. 27a to 27h show
perspectives of tenperature conpensating sensor at various stages of

fabricationg,4s OPQﬁ seSAW fyBedhds @a&%ﬁﬁt} dd9ardd&&)) and BRIiGLEIRS €PE&0SRASH e O
t er subs h h

1is etched into e sane ubstrate 32 as the active sensor 53. This
enbodi nent  bemsorfwrd reasoriablyr weld &dowhend tnderstoodbutsteqeingthie usy ofdxhitivgmathgalsop
cover 60 ov t he roof. |.ayer 4 of the actjv ng reference nepbranes.. The
cover 60 deﬁ‘?]esgnioéi)aﬂfapg E‘Win@ér arcg s%%opgkuglg}grg? HEPt TSRS FE8UG TRSE P v e
roofs 5451 epRRLAthNGd YensbR drbitshi&OdbaRhd Hifdy eRhtileddtRY thelfor@fthé pelferred
sensor stop snaller particles fromcontacting ?he menbranes 50. The top
cover 60 prembodimentsorillfredusestonsthistypaetdensdrgi dity while protecting the
menbr ane and roof guardl ayers 54 from damagi ng contact during installation.
However, even with the top cover 60, the sensor has overall dinensions that
are small enough for installation in the tire valve or valve stem As best
shown in Fig. 27c, chanber 62 is sealed fromthe tire pressure, whereas
chanber 64 ﬁn?f?ﬁﬁa‘?%e%e&he tire pressure via vent 66 and channel 68.

Wiile it has no een shown in the figures, it will be appreciated that the
vent 66 ext ardifohewicghof the bhdc bparktisusfithe sensbr whkbenddsenbeslubight reftren@Zo

where it is_not sealed, but open to the tjre _.pressure..|f the sensor, is
waf er bi)(?'ndeglgilﬁii ?é%}rP ﬁdﬁ%’l? Fcr}(eggltlﬂipg%‘&L%eéﬂg%t% pigpacitgiyesenior RYTRARSr has
correspondi 3¢, PAleSRadked LigRAPh SEHIgE Adf ddpbsitieR RRBRIGLE kyPickily iR 1A tHee

pressure. o _
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 example, 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.



Sem conduct or Fabrication Techni ques Using the lithographically masked

et ching and deposition procedures of sem conductor fabrication, it is

possi bl e wo 20@4b3met ure a robust, |ow cost tire pressurecsrmmw@:nm

M cr o- El ect r o- Mechani cal ( MEM based deviddes for use in a TPVB. The
nmenbrane can be formed froma material that is capable of wthstanding a

w de range of environnental conditions. An advantage of such a tire
pressure sensor is the relatively | ow cost of manufacture. The nmenbrane can
be formed in many possible geonetries, for exanple, as a generally flat or
pl anar shapg,plghop®veniiwc, or having a featured surface. Sensor Grcuitry
Figure 26 is a diagranmatic representation of a capacitance sensing circuit
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Figure 4 is section A-A’ through the wafer 32 of a partially fabricated sensor. The silicon
wafer 32 has previously been ground to the required thickness and CMOS circuitry 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



QA = C(V2-Vr)+Cs(VI -V r)+Q Step 2. Connect O to VI, Cs to V2, and renove
the reset fromthe charge anplifier 84. The output fromthe charge

anpl i fi erwB4o0d64msni t ored by the control 86 and feedbackcamil2zo@doi4aot he
charge injector such that the total chard® is balanced forcing V n = V1-by
injecting a charge The total stored charge @, is given by: @ =C(VI-V
ry + Cs(v2-vr) + QL2 Feedback forces QL = @, so that the digital output
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required digital output. The voltage on Cp is the sane at the end of Step 1

and Step 2, Tanasseuatedmabh Y0 isvbewnnofigdftri bute to the digital output.
Cpt!onally, t hese steps can be repeated and an averaging applied to the
digital output to reduce random noi se. Furthernore, additional steps may be

added t g t hggappViRw«iBaldepsiticip6fthe uPp& dledirode 1ayepsovas<aemeﬂan¢/s@bna lestal
circuit. Sensor I nstal |l ati on and PovverSu%l y Figures 25a to
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rel atively membfhnstin thetfuisghedkertsbe val ve stem makes it the nobst conveni ent
conponent for automated installation of the sensor. Furthernore as the stem
closer to the centre of the wheel than the rest of the tire t he
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best shown i n ur es sensor nDunte t he val ve
stem 92. A relevant mask 80 is shown in Fig. 15.

Fig. 17 shows the deposition of the roof layer 54. It is then etched using mask 82 shown in
Fig. 18, with blank areas removed (see Fig. 19).

15
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 achieving 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



smal|l recess is created in the valve stemwall 94. A thin layer of

har d-setti ng adhesive 98 is applied as a coating on the recess walls. The
sensor chwp 20@/d433sthen adhered into the recess w th anyprexrcarso4adngsi ve
renoved before the adhesive 98 is cured. ¥bwer can be supplied to the
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5450 kgm-3, radius of 50 nm and thickness of 0.5 nm should experience a
force of 0.2 mN due to an

Referring to Fig. 24, the reference 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  therooflayer 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 I Rt
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

brovides much greater structural rigidity while protecting the membrane and roof guard



accel eration of 1000g; conpared with a force of 1.6 nmN for a pressure of
207 kPa (approximately 30 psi), which is typical for standard tire

i nfl ati orwpreewd4essy The | ow massof the nmenbrane ensurespPChatU2bdaoafidect of
acceleration is negligible conmpared to tH# of the pressure. TiN has been
found to have a surprisingly high yield strength conpared with other known
materials used for capacitive sensor nenbranes. This nmakes it suitable for
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I n particul ealye stemal - ceranmics, for exanple titanium alumniumnitride
(TiAIN), titaniumalumniumsilicon nitride (TiAISIN), tantalumnitride
(TaN), tantalumalumniumnitride (TaAlN or the |ike, have suitable
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el ectrode. The pressure of the fluid between the nenbrane and the static

Ol et Ode T oaicror Pubricavion To0highsy ' 1€ menbrane motion.
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 S sLaz

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 Vy, 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:



This can severely restrict the dynam c response of the nenbrane. Channels
or apertures can let the fluid between the fixed el ectrode and the dynam c
el ect r odewQOrmoshs23se) fl ow away fromthe narrow ng spacePogtaRens/wham The
fluid nust still remained sealed within thle sensor, however, letting it
escape from between the opposing faces of the nenbrane and the fixed

el ectrode avoi ds squeeze fil mdanping effects.Internal Stresses Residual
stress in the nenbrane can affect its deflection and therefore the accuracy
of the sensor. The fabrication process is a typical cause of residual
stress. Rapggpqooling material froman elevated tenperature, can generate
thermal stresses in proportion to the material co-efficient of thermal
expansi on. Cheest €t toc¥3,dS to A ; thstithercharge ampbfien whigh doraeg¥infq 8 fided | ect i on
characteristi.cs der, fl ui ressure., This in, tur an fect the accuracy
of the pres?ﬂ%@@ﬁggaﬁﬁafH%§%§$%%m§§5&>328% FEW%gEgﬁﬁ?g?ﬁ%braphic deposi ti on
of the cpnductive-ceram c nenbrane allows it to be very thin - typically of
the order of 0.5 mmthick. The tenperature profile across the thickness of
a thin menbfbawtilstoredphareaiQiels: t han that of a relatively thick nenbrane.

The nmenbrane coon NG~ Sn ] Uiy orm and the internal stresses are
| argely el i m nat &d. %rg%fr}gﬁgﬁﬁbvﬁggé‘ Masked | it hographic deposition also

allows the sensor to have a relatively thick nenbrane for harsh operating
conditions, while still avoiding the problens of residual thermal stresses.
By form ng P8 Zrenbrane as a laminate, the separately deposited | ayers are
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from the cheirge amplifier 84 is monitored by the control 86 and feedback applied to the

charge injector such that the total charge is balanced forcing Vi, = V; by injecting a charge

of Qn — Q12

15  The total stored charge, Q,, is given by:
Q2 =Cr(V1-Vy) + C«(V2-V) + Qr

Feedback forces Q; = Qy, so that the digital output from the control 86 is:
Qu — Qr = (V1-V2).(C+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  contribute 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



I nstead of depositing |layers of the sanme conductive material, the

I ndi vi dual |ayers can be selected so their collective properties provide
good resiwbDan@ma4zz7har sh environnents. For exanpl e al t epoatad2b@yera9of Ti N
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Ti and TiN. ; - - " ' '"- Lam nated Roof Layer Likew se the roof |ayer 54
may al so conposed of several different material layers, for exanple,
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of the menbrane was held fixed. A square nesh vmth one thousand nodes

di stributed equaIIy across the radius was enpl oyed, and meshes with half
the nunber &8 beseshavrimFiginesdsh ead2i e %%Qm%fléme@dumﬂm@lwrﬁﬁ%étress
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standard passenger vehicle, the pressure applied to the nenbrane is

typical |y bwithgny W@eﬁ%ﬁgﬁwe remgyeddeforg fhe cﬂﬂﬁﬁﬁ"? 8% S5t r e

over-| nfJ ation. According to linear theory (see Young, WC. and Budynas,
oark' s Fornul asfor Stress and Strain, 7th Edition, p 488, 2002), the

n'errbr ane r aPlower,caiRbe Sopplredsp s fehsor chip 96 in a number of fashions, including, but not

limited to, a long-life battery (not shown) located in the valve stem wall 94, a long-life
battery located in the valve head 92, or radio frequency energy beamed to an
electromagnetic transducer from an external station. The embodiment shown in Figures

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 . - R
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. As an
30 illustrative but non-limiting example, a TiN membrane, with density of 5450 kgm™, radius
of 50 pm and thickness of 0.5 um, should experience a force of 0.2 uN 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



deflection, D, and applied pressure, P, is given by: where E is the nodul us
(approxi mately 500 GPa for TiN), t is the nmenbrane thickness and v is

Poi sson' swoabeem4¢33725 for TiN). For these values it is fPowdiodooomiequati on
(1), that R 50nm The variation of nenbr&he deflection with applied
pressure is shown in Fig. 3 for a menbrane radius of 50 mm The conparison
between linear finite elenent nodel (FEM and |linear theory is quite good.
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menbrane profile as illustrated in Fig. 28b. A theoretical nodel for the
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particular, metal-ceramics, for example titanium aluminium nitride (TiAIN), titanium
aluminium silicon nitride (TiAlSiN), tantalum nitride (TaN), tantalum aluminium nitride
(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 (0.5um to 5um) with
diameters ranging from about 20 pm to 2000 pm. 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 electrode. The pressure of the fluid between the

75  membrane and the static electrode rises and restricts, or.damps, the membrane motion.

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.



3{1 - (v/ g)2} and The variable g is referred to as the corrugation
quality factor, s is the corrugation arc length, / is the corrugation

peri od amsiohlode4eise corrugati on height (refer to Fig. 280X/AU2004/001419

ri ght-angled corrugations, s =/ + 2 h. B4r a flat nenbrane, g=1. To
include non-linear effects in the finite elenent calculation, the load is
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for each sub ste The results for the non-linear simulation and theory are
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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 alternate layers of TiN or TiAIN or vatious other combinations of metals and

ceramics, for example, Ti and TiN.

Laminated Roof Layer
Likewise the roof layer 54 may also composed of several different material layers, for-
example, silicon nitride, SizN4, and silicon dioxide, SiO,. 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



with progressively |l ess stress on the inner corrugations (see Fig. 31 for a
typical stress distribution). The coefficient of thermal expansion for Ti N
is 9.4 x WO 26060412357Whi ch nmeans that, for the range of | iPkelaU20@a08L1bNg
tenmperatures, thermally induced stress ni@ht alter the sensor deflection.
The effect of tenperature on the sensor response is examned in Fig. 32 for
a sensor with q =8 and / = 10mm The range of tenperatures T exam ned, from
-20 to + 40 C

b i tat | f the heat.-. |
wht ch_oncur@oislERE nekGan BTt A Y S ERb T RTRREY R Ak BTRHFE R ©
i s seen thajeRel@MotefudRBmpuaSiSHAIGIHE. [ TIE eatfired b RGPk bdusddroRendfibeat of

tenperature. At higher applied gressures, pi cal of operation, the thernal

t
stresses artbesortrepeithbmembeansywhilstibeedas @ﬁﬁ/@@§@§faaﬁévaﬁlhéldtfé’??§erl*aﬁw has

little effect .on.the sensitiVvi - o o) as a
[inear T espBreanIthof BOPE atubyir LR cui e AR R R YR ST
means tisat inkshes withi Hattlth€ni@ber oTebAd baiibicud 1eds thidiest difidrendein'thd maxisdmm and
val ve cap systens. WaferBondi ng As di scussed above in relation to Fig.s 3
to 23, the Hespanddaflepiétte 56 needs to be sealed to maintain the fluid
beneath the nenbrane 50 at a reference pressure. Typically, the reverse
side of the wafer 32 is bonded to a sealing wafer.Unfortunately, sinply

usi ng a pol xsdistusseditesiyeMBMS datdicatiomprocedifre cart e tded ts depasitg OuEfrethick not

sufficient. The reference cavit i.e. fluid heneat he nmenbr ane.’0) seeks
to maint ai nagerdAdN4n forg) amembaane, A AsHbLang dfﬁ%ﬁ?tiﬂ?rﬂr}o# HIE AP B G 54 Clﬁ‘%ti ft.

The pol eri/zﬁiaﬁgﬁﬁ%a ScitadcP eF HEARMRI k@ pANsEn gL e Y pFRSHE Tagﬂf»}l[bd' tgakage of
air into the reference cavity because of the tire pressure. e flowrate
across a pemgmhiine inypeailpbe irsthgirarge Ooy45 pan, allamving for 50 % tire over-inflation.
According to linear theory (see Young, W.C. and Budynas, R.G., Roark's Formulas for
Stress and Strain, 7% Bdition, p 488, 2002), the membrane radius, R, for a specific
deflection, 4, and applied pressure, P, is given by:

15

16AE?? 1/4
R= {__z_} W
3PA-v")

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  ~50um. 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 \}éfj; hi gh pressure, the deflection-pressure response becomes non-lineaf, and it is
25  important to include these non-linear effects when designing a working tire pressure

SENSOor.

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 use in a

TPMS sensor. The membrane 50 is generally circular in extent and is provided with

corrugations formed as annular ridges 22 on a base region 24. The number and spacing of



Q= (6) where 12 is the perneability of the material, Ais the surface area
of the material exposed to the pressure difference, AP is the pressure

di f f er encwoanab/i42353 the fl ow path | ength. The perneabi | iPCy/aaf200m8141p0l yner s
is of order 10 2 1 nB (STP) ms mPa 1, s&%or a pressure difference = 300
kPa, cavity radius = 50mm seal height =1 Omand seal (flow) length = |
Om the flowrate is approximately 9.4 x 10 20 n8 s 1. |If the cavity

hei ght is 100 ..then e.total .cavity.volu i 3 and

appr oxi mat é’lni?“ﬂfgﬁd%"éy@‘{/\%ﬁF‘Hﬁ%@ue}l@aﬁﬁer%f&h? %’rnql?aﬁél%rgé%r’éﬁ%ga%aw Y pressure
to equili bratereily bhdpB® atrul & riIgRS 32 e6uld Wbipkslidddirsa sihyle bascsapioaldde I dre
testing purposes, it would nmake such a device unsuited to practical ése.

Anot her wayparticudas simboimeng iibstrated; the comrugaienparedermed to hays @ pdust-&haps
sensor with plastic to i-ncr N t g I d

per neabi | i t?g%fseﬁtﬂﬁﬁﬁrg Og?ei' sga ou C? & e|Herrr%s\“§rl'l }éﬂs& gk? hrgna?t@r?gtgagaftgd;%ﬁeasrleves,
and so 3 tegfey@red stk foluwitdg eqeltione Borseditcule nginibrade, #ppamzrintatel y 0.5 mm
This is too long for a MEMS device that is |ess than. 50 | Ion&g].%l;[o

mai ntai n t FEPRigRosRS? series Af sedpnpyli oy thymeRprape @ %S’iigl]ﬁ%"d? ig- 3ve
device, a dj [ i I I I khg offers the
possi bi i tyAfége%zg&%élr%g |1g&gg§ﬁbgglh? %gb%gégafg Eggrgl'l ghﬁgggf#% éﬁgent
fabrication procedure. The nost preval ent forns of wafer bonding are: :
di rect wafer bonding, anodic gel ectrostatic) honding and internediate |ayer
bondi ng (see Table 3). Tabl eBR V\gf%e A\ o]pdé @ Yechni ques. BCB = )
benozcycl obut ene, PDMS = poEydi net'hyksi | oxane, PSG = phosphosilicate &ﬁ ass.
* = unsuitable due to porosity. In the first method, two ultra clean
surfacqgg arwh&eought into contact after they have been activated (e.g. the

surfaces are nmade hydrophilic or hydrophobic); the bond forns at el evated
tenperatures (near 1000C). In the second, the two wafers are brought into

209 + 2) g + 1)

A = (3)
P 31 - (v / gV}
32 1 3-v
— - 4
Bs q2—9(6 (q—v)(q+3)] @

and
s HY
_5 a 5
15 q l{1+1'5(tj } (5)

The variable g is referred to as the corrugation quality factor, s is the corrugation arc
length, / is the corrugation period and 4 is the corrugation height (refer to Fig. 28b). For
right-angled corrugations, s = /+2 h. For a flat membrane, ¢ = 1. To include non-linear
20  effects in the finite element dalculation, the load is applied over a number of sub-steps and
an equilibrium solution is sought for 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 periods, /= 10 and 20 pm, and two different

quality factors, ¢ =4 and 8. This results in a corrugation height of approximately 0.65 and



contact, in either vacuum air or an inert atnosphere, and a |arge voltage
is applied across the wafers. The bond forns because of mgration of ions
from one wefess/messiace to the other. This nmethod has relPaxadi2o@goi4ienent s
interns of surface finish, which makes i#7nore suitable for bonding two
waf ers that have undergone a series of fabrication steps; however, the high
vol tage nay danage CMOS | ayers. The third option enploys a | ayer ofl ow

mel ti ng point al t] eppsited on on . 0L~ bot.h s on the

cont act facg'0 ﬁ}ﬁtf&\r/\%f élraélH%’ éésﬁ?"gldg t r?trgsu(l,tgﬁ? ngn%aé%ﬁgfg 15 RHSEPEE Or es
and the bonthdhater®ndinebhefdchs foF f@qﬁe@ﬁ@&aﬂg@@mﬁereusleﬁepﬂbn@ﬁeaﬂ%mh@la@go
many different nmaterials that nay be used to formthe internedi ate |ayer
(e.g. Si3Nabgprgsentyetq Wf’é@rﬁ‘ééll@igéf oizyad cormersdn thameddmes t he di sadvant age
of direct wafer (high cleanliness) and anodic (high voltage) bonding. The
invention may al so be said to broadly consist in the parts, elenents and

f eat ur es5 r efThe rezdlts of the finitel eleateatsinmiations atersdimpiactidaitly thertheszbtic@t iiodel i, i n
any or all s of two or nore o rts, Ierrents qr. features,
and wherein %ngb1 ﬁ”c“ P‘ﬂ‘f’% §°%‘ir‘ég4‘}’é’ﬁtf?‘6ﬁre‘€fh Sn‘@ﬁﬂ ’ﬁe% g Hngapfy ok Hsyggnsor up
equi val ent s r t

equi val ent stdaéhe @ﬁeﬁges%lge\gg?%%}%:bgo ﬁz}?ggﬁﬁayéll\gpgsﬁfd SOI ngl v%% y set
forth. Al thoompgatihe ppried dvasewt barpaditropgtefasfobthe vonfgumntitrescexiamirnbelt trerdin. i t
shoul d be understood that various changes, substitutions, and alterations
can be made by one of ordinary skill in the art w thout departing fromthe

scope ofgt h%@hﬁﬁﬁﬂ&m%@%ﬁ%@&r&hﬁéﬁ@esﬂnaﬁnﬂ%@ﬁﬁﬂﬁ& t§ ESAEmbRne A6MA&HRE, 2
fluid pressure, the pressure sensor conprising: a chanber partially defined

by a flexi bll&e mﬁﬂmcenwmhﬁ@rju@@mait therigwar fidepthabutermestepangasion
nbh def
G f1orence: HOvRRRthaRy briiche b FRIBAEESg I BRLoe FiR L e BFET Ve

menbr ane bedigmbaltloh)east partl ally formed from conductive materi aI and,
associated circuitry for converting the deflection of the flexible nenbrane
into an

15  The coefficient of thermal expansion for TiN is 9.4 x 10 K., which means that, for the
range of likely operating temperatures, thermally induced stress might alter the sensor
deflection. The effect of temperature on the sensor response is examined in Fig. 32 for a
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 ;ééponéé 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  Asdiscussed 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.



out put signal indicative of the fluid pressure; wherein, the chanber, the
fl exi bl e menbrane and the associated circuitry are formed on and through a
waf er subworatde4esing | it hographi cally nasked et chi ng ardToGROGHIWI4N
techniques. 2. A pressure sensor accordi A§ to claim 1 wherein the menbrane
Is less than 0.1 grans. 3. A pressure sensor according to claim1l wherein
the pressure sensor is adapted to sense the air pressure within a pneumatic

tire. 4. A_pressure sensor according.to.claim erein t OF. 1S a

capaci tat | f%‘@ﬁ?(‘)“_ﬁy’ﬁéfwlﬁfdl.smﬁ ac‘i?ﬂgﬂg‘?? gihepiye &9 %?fb\lg;aoglflltne‘ﬁaﬁgﬁtotstﬁg% ‘afber to
forma firstafGapast dubficielte The asferenachvity TBe. e b&lcathraehieaibeariess 0y gevkes i ve
in order to forma second capacitor electrode; such that, deflection of the

flexibl e mendintaine ehalgepyesshze toapaur aansEnvRiof Kalimationdiei Bhepolymergi ¢ ry

converts to.the autput signal. 5B..A . i i 4
wher o n_t nedhERsn R eebleto R iep B SRR 1 HEUF BE P BRO R PRk Sy
conpoungl. GecAis®bEGR i€ pReitsr TREAOK dhte @ciloss & parinteablewtreertil s gilven by:

nmetal -nitride conpound is titaniumnitride, titanium alum niumnitride,
titaniumalumniumsilicon nitride, tantalumnitride or tantal um al um ni um

nitride.7. A pressure sensor agﬁggq;ng to claim6 further conprising a CMOS
| ayer di sposed between the gendd e layer and the substrate. 8. A (6)
pressure sensor according to clailm 7 further conprising a passivation |ayer
at least partially deposited over the conductive layer. 9. A pressure
sensor according to claim1 wherein, the sensor is a mcro-electro

where P, is the permeability of the material, A is the surface area of the material exposed

10 to the pressure difference, AP is the pressure difference and L is the flow path length. The
permeability of most polymers is of order 102" m® (STP) ms'm™?Pa’’, so for a pressure
difference = 300 kPa, cavity radius = 50pum, seal height = 10pm and seal (flow) length =

10pm, the flow rate is approximately 9.4 x 102 m* s,

15  If the 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 wafer is to over-mold the sensor with plastic to
increase the path length for leakage. The permeability of polymers 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 pm long. To maintain the
high yield and versatility of the pressure sensor as a MEMS device, a different sealing

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




mechani cal

devi ce at

| east partially fornmed using wafer bonding.

10. A

pressure sensor according to claim1 wherein the nenbrane is approxi mately
0. 5nm t hiwR.20d61042357pr essur e sensor accordi ng to cl ai m 4 pamanR0¥/W0E9
conductive layer is less than 50 mcrons®romthe nenbrane inits

undef| ected state.

12. A pressure sensor according to claim1 wherein the

menbrane is circular with a dianeter |less than 500 mcrons. 13. A pressure

sensor acgerdi-ng-te—~cla-mi2 erer-n—the—rerbrape—d etetr s tran 300
i crons. J@“‘?ﬁtg\l%@%@lg%‘ 0 %%WF&F‘F@CCP rQUeRt m 165WHEFS n tﬁgarfﬁél rane
di aneter ils 100 microns. 15. AR eSskend&selk accofding to claim1l wherein
the sensor| is powered by radi 0 waves transmtted froma renotge source. [16.
A pressure sensor according toteshperaii® wherein the fl exi bl e nenbrane is| a
| am nat e havrRg—at—teast—twolayerspheret t—keas ] ftihe{,gyers s
at | east p&%@qa;?@e?tfﬂsﬁé&frow?%éhm}talgﬁg(zgrtr%?grlf : %@‘T%dﬁpressu e sensjor
accordi ng thqalqél?ip}bée@s)Merei N | kstiddanriss bydhtvdferst he| | am nate are be forjmed
fromthe deposifion of different netal ceramcs. 18 | A pressure sensor
accor di ng |tiotechedinteTAymher ei n | Low melting tanepesstioees arp metal ni tFH8es or
m xed metal nijrides. 19. A pressure sensor rding to claim 18 wherejn,
t he net al c"é’r% cs are titani umaiﬁr{afﬁlngl,eag??g%?ﬁm alum niumnj tride,
tantal um Sigjsop-pi tride, titapbyabtdrfacelbshds con36s tride, | tantal um
alum niumisilicon nitride. 20/ A pressure sensor according to|l claim 16
wher ei n orldegr Cavriag 6750he | ayées when gmperature and | 400-60
Au-Au pressure are applied
BCB*
PDMS (plasma treated) <400
Tin, SizNy4 250
LPCVD PSG 25
APCVD BO
Boron-Doped Si 100-3007
Organics* 1100
450
450
<200

10

Table 3. Wafter bonding techniques. BCB = benozcyclobutene, PDMS =

polydimethylsiloxane, PSG = phosphosilicate glass. * = unsuitable due to porosity.

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

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 fabrication steps;

however, the high voltage may damage CMOS layers. The third option employs a layer of



lam nate is netal. 2 1. A pressure sensor according to claim 20 wherein the
metal is titanium tantalum or vanadium 22. A pressure sensor according to
claim1 fwothevosessnpri sing a second chanber with a secomrdTnanhosmel1ot he
second chanber being sealed fromthe flui’® pressure and the second nmenbrane
deflecting froma predeterm ned pressure difference in the second chanber;
wherein, the associated circuitry converts the deflection of the second

menbrane into an .adj ust nent. he, out put sign o _conmpensate for. th

t enper at ur Qomm@ﬂag peiRs gyateris {ha 15;’?8?%%&8“?8%8&(’%&%? i°R i%onéﬁcgfar(ﬁ%ghe
wher ei Nt hey SEASHE biotieht IRAPRMtdcRA MEISAB KRMperitufdd aAd BRIKHAADME dtaer
deposited in each of The first and second chanbers and the first and second

f1exi bl e nemterfapesncrmeessoreds epplied; Thewstare many different materéals Batimey bo asedlper

in the fi m d. the firsg. £1exibl a
el ect rodes i R a AT (e s TIpe e ARG AP hEARAT homes,
capaci t ancenuhlisalvanbie ¥ dp6étavAel (BighCldanliesspmmarodid (highheltagd)bohdiiggnal .

24. A pressure sensor according to claim?2 wherein the wafer is a first
waf er substrate with a front side and an opposing back side, a recess

etched int O'glt%e;rﬁggéng% by A4S B0hidto biBAHY ¢ Hs?stl?ﬁ)hf‘e_ﬁhg,hqun%ﬁ\%’vgi}& Renback side

to the rece he“sensor Turther ogpr|5|ng.a secon er on the back
si de of t herefdrfedtto WRfmdicated Ieedih, ihfieidahlly ensdlleotiecliydhany whelt edmbinatienssEcond
is wafer bonded to the wafer substrafe, 25.(fw§ressure sensor accordingdto

clai m 24 whBtoATMe &t s RATSHRFRAFHTE OF LalirsseaRd WAPIM PERECHYCHIE pedyertiod
contactiNg gLk kg RiveldiSwh dyfitvaRif iS BORLoWAiBh TheBhPeritioh t8atel &3Bh kAGWN

equivalents are deemed 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.



activated by maki ng them hydrophilic or hydrophobic prior to bonding, and
then brought into contact at high tenperature. 26. A pressure sensor
accor di ngvoaowlae3sr25 wherein the contacting surfaces areTnioghni4ioget her
at a tenperature greater than 7000C. 27. 7A pressure sensor according to
claim 24 wherein the wafer bonding is anodic bonding of fers whereby the
contacting surfaces of the first and second wafers have a | arge voltage
applied acrgss_them 28. A pressure sensor according to claim24 wherein

t he waf er b%%ﬂ\‘{é: is internedi ate | ayer bondi ng whereby a | ayer of |ow
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. 29. Al.pr esApressgressor fpconsingigfltid pressire, 48 prprsHrsi sanol COMPRSIA t i ng

point material is  silicon nitride qr titaniumnitride. .30, A pressure, .
sensor accor di ngafweap?ﬁﬁfhmg?@d Y "‘lﬂ"@‘% Rﬁ%qﬁ%m’i’ SR Ie%%%f[a}ﬁ%g .a%glud
Pressur & sefsQefeiied prbisiite! @ik Hat eIxMIeiRinbridealemest fidhtardysprenureugat ed.
32. A pressure sensor according to claim 31 wherein the flexible_ corrugated

mermbr ane hadiffarepor befygen the referanee pisssuge agbthe Aluid presswre thamemprang beingishg t o
claim 32 rein,. t.he se r h a,.l | . {1 onse up to about I MPa.34. A
sﬁpa%x&t@&? ] eastfcgn gﬁﬁducn%%&?i Lial: GRE P

pressure se & alm eréin,” the nenbrane corrugations

have a period of ado&diNee Birbuitfy Esradavertidg e deflectivisof tBS flefiblrranbinse Bemsor
according to claim 34 wherein the nenbrane is substantially circular and
the corruga®ytpsignebindipativaipt the dluidprsssue wherddnsor according to cl ai m 30

wher el M he cor g %flérﬁgesr, {E@\ff‘exﬁale membrane and the associated circuitry are formed on and
through a wafer substrate using lithographically masked etching and deposition techniques.

2. A pressure sensor according to claim 1 wherein the membrane is less than 0.1

grams.
15
3. A pressure sensor according to claim 1 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.

4. A pressure sensor according to claim 1 wherein the sensor is a capacitative sensor
20  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

25  circuitry converts to the output signal.

5. A pressure sensor according to claim 4 wherein the membrane is at least partially

made from a metal-nitride compound.

-30 6. A pressure sensor according to claim 5 wherein the metal-nitride compound is
titanium nitride, titanium aluminium nitride, titanium aluminium silicon nitride, tantalum

nitride or tantalum aluminium nitride.



substantially square-shaped cross-sectional profile. 37. A pressure sensor
according to claim1l further conprising an apertured guard over the

menbr ane worzned4essyng | it hographi cally masked et chi ng ardToaposioi«an
techni ques. 38. A pressure sensor accordi’dg to claim37 wherein, the guard
is alamnate having at |l east two |layers. 39. A pressure sensor accor.ding.
to claim 38 wherein the layers are different materials. 40. A pressure

sensor accqrding to claim39 wherei he different naterij i]ican
nitride angr' si | iFEBITSHI B3 6. 2%° }ng&oﬁﬁaégls%#ugfhge%ostﬁ O};ﬁ%ﬁﬁg}y@? ?15[3% Elaffgi)éﬂsl%g
pressure, HRRvRhISSLNEuSBRIBYerGadMd subftghite. 2 Chanber partially defined by a
fl exi bl e menbrane, the chanber containing a fluid at a reference pressure,

such that the flexible nenbrane deflects due to pressure differentials

crrouttry for conparernaeRti ot bt el ARittiGhe FRAAROORREIAC
out put si gnédst partlalbpdépositedl ovteh ehef dontactivedsgnr e; wherein, the menbrane is

| ess than 0.1 granms. 42. A pressure sensor according to claim4 1 wherein
the sensor is fornmed on and through a silicon wafer using |ithographically

masked et ¢y ng 30gAGROSIIsbORbREN U Fiherind HRSRHLG i# #RIG0-AGROL di ng T 0

claim4 1 wherein € pressure se r 1s adapted to sense the air pressure
Wit hin a pneechmtical deivice at Kedst pArtjnallySommesl wanpswafenbamling.ng to claim4 1
wherein the sensor is a capacitative sensor having: a conductive |ayer
deposited in the chanber to forma first capacitor electrode; and, the

f : exit b '19 MBEDY ang pleisut® 6L 4o6Brdify & @i 1 WhERIHMhE nSRetack BAPPGKIRitely
el eClrode,;
0.5pm thick.

11. A pressure sensor according to claim 4 wherein the conductive layer is less than 50
microns from the membrane in its undeflected state.

15

12. A pressure sensor according to claim 1 wherein the membrane is circular with a

diameter less than 500 microns.

13. A pressure sensor according to claim 12 wherein the membrane diameter is less

20  than 300 microns.

14. A pressure sensor according to claim 13 wherein the membrane diameter is 100

microns.

25 15. A pressure sensor according to claim 1 wherein the sensor is powered by radio

waves transmitted from a remote source.

16. 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

30 conductive material.

17. A pressure sensor according to claim 16 wherein the layers within the laminate are

be formed from the deposition of different metal ceramics.



such that, deflection of the flexible nmenbrane changes the capacitance

whi ch the associated circuitry converts to the output signal. 45. A
pressur e wonsavo4asscording to claim4 1 wherein the nenbramatsi4amidigeast
partially made froma netal-nitride conpddnd. 46. A pressure sensor
according to claim45 wherein the netal-nitride conpound is titanium
nitride, titaniumalumniumnitride, titaniumalumniumsilicon nitride,
tantalumnitride or tantalumalumniumnitride. 47. A pressure sensor
according to claim46 further conprising a CMOS | ayer di sposed between the

netal lic | aper amgrdshige Sest AtbRlind B clAnPI PEhbich the Atepdl caattdirBehdial clai m
47 further conprising a passivation |ayer at |east partially deposited over

t he netal | i wtridgy er mixed mefalgrtklesr e sensor according to claim4 1 wherein,
the sensor is a,mcro-el ectromechani cal device at |east partially formed
usi ng waf er bonding. 50. A pressure sensor according to claim4 1 wherein
the nensran®.i s Appdsoxe Reriset ycddrdingrid dlaiek 18 Whireind thprmaetaliceearaen arer titaianr di ng

to claimd44 wherein the conductive layer is less . than 50 nmjcrons fromthe
menbr ane | maifride, Biggivm dumayuggiridestan aﬁ&%?’ig%?@“‘i%ﬁ?ﬁunég}é‘gﬂﬁﬁuﬁbﬂ{lwfbl ai m
4 1 whereinthe MEIBLAMR:SiE SGlPkinMe h @ dianeter |ess than 500 m crons.

53. A pressure sensor according to claim52 wherein the nenbrane di aneter
is less than 300 microns. 54. A pressure sensor according to claimb53
wherein the penbrane dianeter is..100 mcr .

20. A pressure sensor according to épal(r:n %] herein one or more of the layers of the

10  laminate is metal.

21. A pressure sensor according to claim 20 wherein the metal is titanium, tantalum or

vanadium.

15 22. A pressure sensor according to claim 1 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,

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

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

23. A pressure sensor according to claim 22 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,
.25 ‘
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.

30 24. 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:



55. A pressure sensor according to claim4 1 wherein the sensor is powered
by radio waves transmtted froma renote source. 56. A pressure sensor
accor di ngvoaowlae3isr4 1 wherein the flexi bl e menbrane i spraTiAaneaaveiihavi ng
at least two layers wherein at |east one7f the l|ayers is at |east
partially formed from conductive material. 57. A pressure sensor according
to claim56 wherein the layers within the lamnate are be fornmed fromthe

deposition of differept tal, geram cs.. .58 essure. sensor, ac ding to
cl ai m 57 wher ei na%eﬁ%nd;gﬁgl?o’&W&?ﬁgéldgroéﬂ}%qréﬁwﬁ{ef fol Frakthg At Iepst oge g}geal
nitrides. JPherfinpPressure sensor according to claim58 wherein, the netal
ceramcs are titaniumnitride, titaniumalumniumnitride, tantalumsilicon
nitride, titani uhestooni i wafesbdrdedio Hietwafarsubstaate.al um al uni ni um silicon

nitride. . . . .:.. 60. A pressure sensor according to claim56 wherein one
or nore of the layers of the lamnate is netal. 6 1. A pressure sensor

accor di gg txx cl ah m&Burelesset focolBngRt @hini 34 Wheeit thewdfartioatingmiodirect wafer
vanadi um 62. A préssure sensor_according to_ claim4 1 fugther &}) rising a

Sﬁco?? cgamimwhﬁrda}s@eéﬁ@ammuéﬁﬁé‘?s attke Sestanbsespdhpateryar Biradeated$ r om
t i .t . 1 ; d
L ST RN SR TGRS o Pt

pressure di §° e se e assocl ated

circuitry camvemntst iftegliehipeeiuwen of the second menbrane into an adj ust nent
of the output signal to conpensate for the tenperature of the sensor. 63. A
pressure sensor according to claim62 wherein the sensor is a capacitative

Sensor, oM t%S. a Cgﬁg&géﬂe%gndéoﬁx&rordjﬁg Redihifos WneRethRlcohtdfidd dustacée SECONd
the first an

chanbers an o
brought together at a temperature greater than 700"C.

27. A pressure sensor according to claim 24 wherein the wafer bonding is anodic
bonding offers whereby the contacting surfaces of the first and second wafers have a large

15  voltage applied across them.

28. A pressure sensor according to claim 24 wherein 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

20  wafer bond.

29. A pressure sensor according to claim 28 wherein the low melting point material is
silicon nitride or titanium nitride.

25 30. A pressure sensor according to claim 1 wherein, the membrane is non-planar.
31. A pressure sensor according to claim 30 wherein the membrane is corrugated.

32. A pressure sensor according to claim 31 wherein the flexible corrugated membrane

30  has a corrugation factor of 8.

33. A pressure sensor according to claim 32 wherein, the sensor has a linear response

up to about 1MPa.



second fl exi ble nmenbranes are conductive; such that, the conductive |ayer
in the first chanber and the first flexible nmenbrane form capacitor

el ect r odesoanah/abis7def | ection of the first flexible nenecamazedznogas t he
capaci tance which the associated circuitrAd converts to the output signal.
64. A pressure sensor according to claim42 wherein the wafer is a first
waf er substrate with a front side and an opposi ng 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 ofqth LreWBh BT al@rdBato £188h 83 wheRsd, I BchBlfe cWRBERIoAs hhie

Y
second is wafer % nded to the wafef substrate. 65. A pressure sensor
accor di ng topaia ofibetivesnermionortshiad wafneicrasendi ng i s di rect wafer bonding
whereby the contacting surfaces of the first and second wafers are ultra
cl ean, and activated by maki ng them hydrophilic or hydrophobic prior to

bondi ng,5 angk t hep JPERLGREndoRhE0eMIAE BF ¢laitt 3H ndlrdieifieenahbage is@Gbstantillgssur e |
sensor according to claim®65 wherelrn the contacting surfaces are brought

t oget her at ciculagapé the cormggfienstacs anoiylas. 700 C. 67. A pressure sensor
according to claim64 wherein the wafer bonding is anodic bonding offers
wher eby the contacting surfaces of the first and second wafers have a | arge

vol t age appié.ed AGressrelsbasdr abdrdifg B €15918€ wherdntheaonupstiong htee £1 ai m 64
wherein the wafer bonding_ is internmedi ate | ayer bondi ng whereby a | ayer of

| ow mel t i ngsubsientiallytaupteashaped @pssrseationabpiide.or both of the contacting
surfac of the first and second wafers so that heat and pressure forns the

Vrrvgr ,f'\ Ir ngoggi % gmaﬁ éiri'{:sgﬁ%iuségsﬁ %Qc%?&ing?ocaagﬁ T?Lnttﬁ)er%ln%ipﬁgigg a%ﬁérﬁir@d wﬁdlogg\f
the membrane formed using lithographically masked etching and deposition techniques.

38. A pressure sensor according to claim 37 wherein, the guard is a laminate having at

15 least two layers.
39. A pressure sensor according to claim 38 wherein the layers are different materials.

40. A pressure sensor according to claim 39 wherein the different materials are silicon

20 nitride and silicon dioxide.

41. 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
25  differentials between the reference pressufé“éhd ‘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.

30 42. A pressure sensor according to claim 41 wherein the sensor is formed on and

through a silicon wafer using lithographically masked etching and deposition techniques.



silicon nitride or titaniumnitride. 70. A pressure sensor according to
claim4 1 wherein, the nenbrane is non-planar. 7 1. A pressure sensor
accor di ngvoaoelae3sr 70 wherei n the nenbrane i s corrugat e@CT/AL2004/00143SUr €
sensor according to claim7 1 wherein the7’€ 1 exible corrugated nenbrane has
a corrugation factor of 8. 73. A pressure sensor according to claim?72
wherein, the sensor has a |linear response up to about |MPa. 74. A pressure

di t | aim 73 wh in, t ti h
SerSOr SECEif 0y S I3 BT, Ll TS, SRS TR,

pressure Segb%@{]t}é%%%rgésﬂﬁb SonialAgudbdiovggr ei n the nenbrane is substantially
; .

circul ar an e corrugations are annular. 76. A pressure sensor according
to claim 70 wherein the corrugations have a substantially square-shaped
cross-sectiognal profile. 77. A pressure. sensqor according.to claim4 1
further con% i si z‘g}’rﬁﬁu’é?psé’fnf%ag f&’&&?‘&“&%?‘?t r%ﬁ}?rsgﬂ%ogfso?’ ﬁaé)&c%f’givﬁﬁensor

| i t hogr aghi ﬁg}iﬁy_ masked et ching and deposition techniques.78. A pressure
sensor according to claim 77 wherein, the guard is a |am nate havi ng at

| east two | ayer sa cogluchivelaysesdapesitasiis the cheaberiiorfgrme fipteianpcir glesiredan ate
| ayer di ff terials. .80Q, ' i.m 79
wher e n e di t £ pdkFlepe i fondloP SBRAE 5 RIBPL sAOEEFitleBoreciiol

81. A pressgidhthgnsor for sensing a fluid pressure, the pressure sensor
conprising: first and second chanbers having first and second flexihle
menbr anes r espectl¢flastign of the flexible membrane changes the capacitance which the associated

10 circuitry converts to the output signal.

45. A pressure sensor according to claim 41 wherein the membrane is at least partially

made from a metal-nitride compound.

15 46. A pressure sensor according to claim 45 wherein the metal-nitride compound is
titanium nitride, titanium aluminium nitride, titanium aluminium silicon nitride, tantalum

nitride or tantalum aluminium nitride.

47. A pressure sensor according to claim 46 further comprising a CMOS layer disposed -

20  between the metallic layer and the substrate.

48. A pressure sensor according to claim 47 further comprising a passivation layer at

least partially deposited over the metallic layer.

25 49. A pressure sensor according to claim 41 wherein, the sensor is.a micro-electro-

mechanical device at least partially formed using wafer bonding.

50. A pressure sensor according to claim 41 wherein the membrane is approximately
0.5um thick.

30
51. A pressure sensor according to claim 44 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.



the first and second flexible nenbranes configured to deflect in response
to pressure differences within the first and second chanbers respectively,
t he firstwoentweess7arranged for exposure to the fluid pPessunecdandsid he
second nenbrane sealed fromthe fluid predsure; and, associated circuitry
for converting the deflection of the first flexible nenbrane into an out put
signal related to the fluid pressure and converting the deflection of the

second menbgane into an adjustne the nal.to co sat. for
The tenmer abire HreREesEcsAcogane fo gt 4f moRtin Bt gunta AR M 4 s 1
wher ei n thEdﬁ§@§kaéﬁmBQOU%nga&and through a silicon wafer using

| it hographically masked etching and deposition techniques. 83. A pressure

sensor according to claim8 1 vvherei n the pressure sensor is adapt ed to

sense the aLf pressure within a ess en

accor di ng t%§ cl agrﬂr?sire\ﬁﬁ‘ésroeraﬁcqr 18g ﬁ%?hﬁreén g]acrﬂerﬁé © lr?glr? ?Lf%ar ans.
85. A pressthhg 3eeps&on@ccording to claim 84 wherein the nenbranes are at

| east partially made froma netal -nitride conpound. 86. A pressure sensor
according to claim85 wherein the netal-nitride conmpound is titanium

i de. et ug LTINS o bR Sh WRALHTI UL ShL RGN fod'e

tantal um ni Tride antal'uma ium ni ressure sensor
accordi ng tmigb®. m 86 further conprising a CMOS | ayer- d| sposed between the
conductive layer and the substrate. 88. A pressure sensor according to
claim 87 further conprising a passivation |layer at |east partially

Qppost LR e { RGERREh o Gel AT to Edim A1 RIRASHER SRRR pAiR&el B Rlié ©

claim8 1 erein € sensor Is a_mcro-e
waves transmitted from a remote source.

56. A pressure sensor according to claim 41 wherein the flexible membrane is a
laminate having at least two layers wherein at least one of the layers is at least partially

15  formed from conductive material.

57. A pressure sensor according to claim 56 wherein the layers within the laminate are

be formed from the deposition of different metal ceramics.

20 58. A pressure sensor according to claim 57 wherein the metal ceramics are metal

nitrides or mixed metal nitrides.

59. A pressure sensor according to claim 58 wherein, the metal ceramics are titanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

25 . _nitride, tantalum aluminium silicon nitride.

60. A pressure sensor according to claim 56 wherein one or more of the layers of the

Jaminate is metal.

30 61. A pressure sensor according to claim 60 wherein the metal is titanium, tantalum or

vanadium,



mechani cal device at |east partially fornmed using wafer bonding. 90. A
pressure sensor according to claim8l wherein the nmenbrane is approxi mately
0. 5nm t hiwRk.20@&/08235A pressure sensor according to clai m @gTwhro@ioni4ibe
conductive layer is less than 50 microns ®romthe menbrane inits

undefl ected state. 92. A pressure sensor according to claim8 1 wherein the
menbrane is circular wwth a dianeter |ess than 500 mcrons. 93. A pressure

sensor accoyding,to claim92 wherein the ane dianmeter is.less thap 300
o ons. 6a6% . D dLiSHE SERE T ORIB MG F5IEIAT F OB Ne  eritn FERTR O e

di aneter i s, JQBndiehBRhe, B8 sednlcBEEYESD B ealed TP MEd pRssilréhid fhel
wherein the sensor is powered by radio waves transmtted froma renote

sour ce. 96. skcpndwembeans dafenting dipragletesmigied iprasgure dfifererderin theseppndi bl e
menbr anes ar,e Iarr_ri at es having at | east two | ayers wherein at |east one of
the |ayers TRmREn"ARIE00artially formed from conductive material . 97. A

pressur & sensor e asodiattd direuittyadonv&ts thb defddtioh DE tHeayesiil metbrane e an
| am nate are be fornmed fromthe deposition of different netal ceram cs. 98.

A pressure ¥upBentaldhy itpy signakioompensaim i dhetepperagire 8f thesensercs are
metal nitrides or mxed netal nitrides. 99. A pressure sensor according to
claim98 wherein, the netal ceramics are titaniumnitride, titanium

al um ni um né3.r i d& préssun8bmsdr S¢dordiag tnclhim 62 whtieirathie sensal is cupacitasive semsor,

nitride, tantalumalum pniumsilicon nitrjde.. 100, A pressure sepsor
accor di ng t Witk p&PRIUsEveiEFEdePOsiRd IBrea?Fb?étgﬁﬁrstt fad F%‘Pgii §ﬁ%¥gé?rﬁ én‘p the first and

10  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.

15
64. A pressure sensor according to claim 42 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;

20  wherein,

the second is wafer bonded to the wafer substrate.

65. A pressure sensor according to claim 64 wherein the wafer bonding is direct wafer
" bonding wheréby the Eontacting surfaces of the first and second wafers are ultra clean, and
25  activated by making them hydrophilic or hydrophobic prior to bonding, and then brought
into contact at high temperature. '

66. A pressure sensor according to claim 65 wherein the contacting surfaces are
brought together at a temperature greater than 700°C.
30



| am nate is netal. 101 . A pressure sensor according to claim 100 wherein
the netal is titanium tantalum or vanadium 102. A pressure sensor

accor di ngvoaowlae3sr8 1 further conprising: a wafer substcata2m4sdoifibr st and
second recesses; the first flexible nenbrédhe covering the first recess to
define the first chanber, the first chanber containing a fluid at a
reference pressure such that the first flexible nenbrane deflects due to a
pressure difference between the reference pressure and.the fluid pressure;
a cappi ng né%ber%%?feﬁﬁnﬁ%éc%@‘(’}ﬁ OF]@H%QEVY r‘%”éﬁ?‘”i’ Brgcg’élb‘?ﬁj‘séﬂg er from
the fluid ppGREM Sffer %eﬁe%gwc&ﬁmlﬁ RErAleY bBHRFI A SBENAA ABRHAGE a IAES
sections fluidically sealed fromeachother, a predeterm ned pressure

di f f er ence batageeppliddncsessthenms of the second chamber causing the second
flexible menbrane to deflect.103. A pressure sensor according to claim 102
wherein the sensor is a capacitative sensor, with a conductive | ayer

deposi t e5l i §g.each pbssifeasehdor abcordihg 36 clant 68 ReiEban theanatet Binding is intamgedsae ond

fl exi bl e menbranes are conductive; such that, the conductive |layer in the

first chamblyerheadingsviqrebsta layeseidpw melting aeiat maternkissapiiedde coe o bethds and

the defl ect {hgg:oﬁtfactti%? §L{r%15§stoff tilg pgste %.gd E%ggcﬁ %?er% &g@gﬁ%a? W&%&: fo2Rg 't:‘heV\’hi ch

t he associ a circ conver out pu pressure
sensor accowdfengosid cl aim 82 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 | east one hole etched fromthe back side to the recess; and the

sensor rther c 1Sk : ' i i : [
oerar” B8 | CATELPI0h? BGERG S BREE B B hlfnghob e
silicon nitride or titanium nitride.

70. A pressure sensor according to claim 41 wherein, the membrane is non-planar.
15 71. A pressure sensor according to claim 70 wherein the membrane is corrugated.

72. A pressure sensor according to claim 71 wherein the flexible corrugated membrane

has a corrugation factor of 8.

20 73. A pressure sensor according to claim 72 wherein, the sensor has a linear response

up to about 1MPa.

74. A pressure sensor according to claim 73 wherein, the membrane corrugations have
a period of between 5 microns and 15 microns.
75. A pressure sensor according tb vcl)aim 74 wherein the membrane is substantially

circular and the corrugations are annular.

76. A pressure sensor according to claim 70 wherein the corrugations have a

30  substantially square-shaped cross-sectional profile.

77. A pressure sensor according to claim 41 further comprising an apertured guard over

the membrane formed using lithographically masked etching and deposition techniques.



the second is wafer bonded to the wafer substrate. 105. A pressure sensor
according to claim 104 wherein the wafer bonding is direct wafer bonding
wher eby twe 20@m423svi ng surfaces of the first and secondpPaafsnsodzoetial tra
clean, and activated by making them hydro¥hilic or hydrophobic prior to
bondi ng, and then brought into contact at high tenperature. 106. A pressure
sensor according to claim 105 wherein the contacting surfaces are brought

t oget her at tenperature greater. than 7000C. 107.. A pressure.sensor.
accordi ng t?Jga'l c| AiRYESEELE f BFGRT 1H%t‘?/\gf"é‘? ggg’rk’ﬁf% ql%g‘%ﬁ‘glﬁ agla%??g? ﬁ@“ﬂgfﬂers
wher eby thej69nE8edJepg surfaces of the first and second wafers have a large

vol tage applied across them 108. A pressure sensor according to claim 104
wherein the wafer bonding is internediate | ayer bondi ng whereby a | ayer of

|l ow nelting,point material is applied.to e.or .bath of the.econ i
surfaces of 7Stp'he 'Rrgﬁsu@ﬁﬁn?ééﬁ??g‘?%?%?l%n%ggt“ﬁlgfenﬁﬁ?ga}g Sdarﬁgléfg%ﬁ}rngrﬁétgﬁgnlé‘ t he
waf er bond. 109. A pressure sensor according to claim 108 wherein the | ow
nmelting point material is silicon nitride or titaniumnitride. 110. A
pressure sefBor Aquessuiersgnios aedosding & alaign P ahsrein the direpspianatsrials are silicon

non-planar. 111, F eSSt ensor according to claim 110 wherein the
menbr anes a?lﬁléeo%nﬁusgéﬁgﬁgﬁqg. A pressure sensor according to claiml1l 1

wherein the flexible corrugated nmenbranes each have a corrugation factor of

8. 113. A pressugp SensfEssaeGenddr e defsifif aififidgrdssihs kel pressufeseagdisor has a
| i near response up to about |IMPa. 114. A pressure sensor according to claim

113 wheyein .enbrane corrugations have a period of between 5 mcrons
and 15 m cr%or{}slmmﬁg

first and second chambers having first and second flexible membranes respectively,
the first and second flexible membranes configured to deflect in response 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;
15 and,
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
Sensor.
20
82. A pressure sensor according to claim 81 wherein the sensor is formed on and

through a silicon wafer using lithographically masked etching and deposition techniques.

83. A pressure sensor according to claim 81 wherein the pressure sensor is adapted to

25  sense the air pressure within a pneumatic tire.

84. A pressure sensor according to claim 81 wherein the membranes are each less than

0.1 grams.

30 85. A pressure sensor according to claim 84 wherein the membranes are at least

partially made from a metal-nitride compound.



115. A pressure sensor according to claim 114 wherein the nenbranes are
substantially circular and the corrugations are annular. 116. A pressure
sensor acwordeang23se cl ai m 110 wherein the corrugati ons kravawosudostianti al |y
squar e- shaped cross-sectional profile. 18%. A pressure sensor according to
claim8 1 further conprising an apertured guard over each of the nenbranes
formed using lithographically masked etching and deposition techni ques.

118. A pressure sensor according.to clai 17 wherein, .t re a
| ani natg h&i ng APTSE4E FesQiAqeaiitssto ?‘L@T@iwb‘?rgg’gth? Fegaé'ﬁlggggg%é§$u$?iﬁg to

claim 118 wherehhitdie k@Y ishSaldhmhish ieignitaiBieilimsum 52%on Aitids sailem
sensor according to claim 119 wherein the different naterials are silicon

nitride anchitsideioc tmtalimeiwheinii@ nitride. pr essure 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 fluid at a reference pressure,

such that tdye flgpidlte SRIEbF aRerdief loatdim Stifrther rmmisinga AMOStayat dispased
bet ween the reference pressure and the fluid pressure; and, associated

circuitry fhstwesmrthe eendugtivehlayeremy dag SU9rEe- t he f1 exi bl e nmenbrane into an
out put signal indicative of the fluid pressure; wherein, the nenbrane is at
| east partially formed froma conductive ceramc material. 122. A pressure
sensor accagdi NoA fpeesslraiseasdb2dccohingionclaines T himthec tinnerisieg apassivaoralapet 2l
nitride. 123. A pressure_sensor accordinq to claim 122 wherein, the

menbr ane i deast pamirlrdepasitpdaver thgGoRtueH §i18Ys de, vanadi um nitri de.

10

89. A pressure sensor according to claim 81 wherein, the sensor is a micro-electro-

mechanical device at least partially formed using wafer bonding.

90. A pressure sensor according to claim 81 wherein the membrane is approximately

15  0.5um thick.

91. A pressure sensor according to claim 84 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

20 92. A pressure sensor according to claim 81 wherein the membrane is circular with a

diameter less than 500 microns.

93. A pressure sensor according to claim 92 wherein the membrane diameter is less
. than 300 microns.
525

94, A pressure sensor according to claim 93 wherein the membrane diameter is 100

microns.

95. A pressure sensor according to claim 81 wherein the sensor is powered by radio

30 waves transmitted from a remote source.



124. A pressure sensor according to claim 122 wherein, the nmenbrane is be
formed fromm xed netal nitrides. 125. A pressure sensor according to claim
124 wher ewo 200v04misged nmetal nitrides are titani um siliceaTmuznide14pant al um
silicon nitride, vanadiumsilicon nitride2titani umalumniumsilicon
nitride, or tantalumalumniumsilicon nitride. 126. A pressure sensor
according to claim 121 wherein the chanber, the flexible nenbrane and the

associated circuitry are fornmed an iligon.wafe bstrate.usin

5t hogr aphi Sl | yARESRUS SRR g e RApEL L PR Lo e MR RIS ossur e
sensor  accopgiffed vt TRadilyotRPers Wherdi 15 1BRTBARDEhE PayleRSS af R partiklIgr anms.
128. A pressure sensor according to claim 121 wherein the pressure sensor

i s adapt ed foomeéfrom eanductive matesalure within a pneumatic tire.129. A
pressure sensor according to claim 121 wherein the sensor is a capacitative
sensor having: a conductive |ayer deposited in the chanber to forma first

capaci t gr eyrct r gGpessarRGendonacdording B Elaiie b ivleein thedayedsi@ithitethe lanfibsterard o
forma second capacitor electrode; such that, deflection of the flexible

nenbr ane chemigesed fremcthp depasitinneofidiiferrntpetabessyBicat ed circuitry converts to
the output signal. 130. A pressure sensor according to claim 129 further
conprising a CMOS | ayer disposed between the conductive |ayer and the
substrate. df31. A mpéstieasosacadingacdaith AP whereih thiemdtdicetamicheare metabr i si ng
a passivation_ |ayer at_|I eaﬁt_ partially deposited over the conductive | ayer.
132. A pr eskiffides 9eRu%Rd Bela ’i‘l&i“g‘é to claim 121 wherein, the sensor is a
m cro-elgectro
99. A pressure sensor according to claim 98 wherein, the metal ceramics are titanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, tantalum aluminium silicon nitride.

15 100. A pressure sensor according to claim 96 wherein one or more of the layers of the

laminate is metal.

101. A pressure sensor according to claim 100 wherein the metal is titanium, tantalum or
vanadium.
20
102. A pressure sensor according to claim 81 further comprising:
a wafer substrate with first and second recesses;
the first flexible membrane covering the first recess to define the first chamber, the
first chamber containing a fluid at a reference pressure such that the first flexible
25  membrane deflects due to a pressure 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
sealed from eachother, a predetermined pressure difference between the sections of the

30  second chamber causing the second flexible membrane to deflect.



mechani cal device at |east partially fornmed using wafer bonding. 133. A
pressure sensor according to claim 121 wherein the nenbrane is

appr oxi mewel2godin433sm t hi ck. 134. A pressure sensor accor @Cmaieoddioaiion 124
wherein the conductive layer is |less tha®350 microns fromthe menbrane in
its undeflected state. 135. A pressure sensor according to claim 121
wherein the nmenbrane is circular with a diameter |ess than 500 m crons.

136. A pressure sensor_ according..t o, cl.ai 5, wherein the nmenbrane di ameter
s T ess't hall 00k ArergRsensps ecoiing et 2 RLG SR Br it hig RPN 136
wher ei n t heseHBIPHARG BhANBRLE layes ddfditddl 18/cafS o 1B8 fird aRH 86ME Sh&EHGOlnd the
according to claim 121 wherein the sensor is powered by radi o waves

t ransni t t edfifst and sgconshibexdble sngnatwanep3ge condpetévs gedd thetnsor according to claim
121 wherein the flexible nmenbrane is a |amnate having at |east two | ayers
wherein at | east one of the layers is at least partially formed from
conductisve mat erthglcondidfive Aypr iaghelfisst Sttt and derfitstiiexiltle eleaibraded@rmher ei n

the layers within the |lamnate are be forned fromthe_ deposition of
di fferent nepasitesslegtpdes andhe deflectionaisthe dirst dlex e membrate s§aness Beai m 137

wherein theg éi%cgmgﬁiaﬁﬁaa@%ﬁkui%%%ﬁegﬁ tQEh%ﬁqﬁ@gﬁl nitrides. 142.

A pressure sensor accor to clarm eln, t ceramcs are
titaniumnitride, titaniumalumniumnitride, tantalumsilicon nitride,
titaniumalumniumsilicon nitride, tantalumalumniumsilicon nitride.

|143- A p][ etsﬁ(}llf e APRERIredeRRF bddadihg t-dldintB8 D eietheiwhfaris a GistRauter substide
ayers O e

10  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.

15
105. A pressure sensor according to claim 104 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.

20

106. A pressure sensor according to claim 105 wherein the contacting surfaces are

brought together at a temperature greater than 7 00°C.

107. A pressure sensor according to' claim 104 wherein the wafer bonding is anodic
25  bonding offers whereby the contacting surfaces of the first and second wafers have a large

voltage applied across them.

108. A pressure sensor according to claim 104 wherein the wafer bonding is
intermediate layer bonding whereby a layer of low melting point material is applied to one
30  or both of the contacting surfaces of the first and second wafers so that heat and pressure

forms the wafer bond.



| am nate is netal. 144. A pressure sensor according to claim 143 wherein
the netal is titanium tantalum or vanadium 145. A pressure sensor

accor di ngvoaoelae3sr 121 further conprising a second chanpem/Atizods/miaecond
menbr ane, the second chanmber being seal edB4¥romthe fluid pressure and the
second nmenbrane deflecting froma predeterm ned pressure difference in the
second chanber; wherein, the associated circuitry converts the deflection

of the seco mepbrane i nto _an adj ust nent he. out put si.gnal .to o
Compensat o M0k "R raimserhn ARt b e TR0 wha Rl al SR ehhupgpriat i
accordi ng tglisdmiitade4dr tidisnRinkidbe 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 nmenbranes are conductive; such that,the

capac tor ol Dbt r ek ebiol P RERH sREp! Mot dhe el sl R RARL O

changes & he capacitance which the associated circuitry converts to the
out put signal. 147. A pressure sensor according to_claim 126 wherein the
wafer is a 11l st Apaesspresapsr pagasding tnclain | Bhwvheregnths meerabranss f6s porgrastady
side, a recess etched into the front side and at | east one hole etched from
the back side to the recess; and the sensor further conprising: a second
waf er on theldhack ppesdereabnddbacédrdiag tovalhinn 11 bwhewin thedleatblé emnigatede hol e;
wherein, the second is wafer bonded to t waf er substrate. 148. A pressure
sensor accof@mREneyeaahdane 249 iEalio8i faced $aaf er bonding is direct wafer
bondi ng;gwher eby the contacting surfaces of the first and second wafers are
ultra 01 ean, and

113. A pressure sensor according to claim 112 wherein, the sensor has a linear response

up to about 1MPa.

114. A pressure sensor according to claim 113 wherein, the membrane corrugations

15 have a period of between 5 microns and 15 microns.

115. A pressure sensor according to claim 114 wherein the membranes are substantially

circular and the corrugations are annular.

20 116. A pressure sensor according to claim 110 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

117. A pressure sensor according to claim 81 further comprising an apertured guard over
each of the membranes formed using lithographically masked etching and deposition

25  techniques.

118. A pressure sensor according to claim 117 wherein, the gilérds are a laminate having

at least two layers.
30 119. A pressure sensor according to claim 118 wherein the layers are different materials.

120. A pressure sensor according to claim 119 wherein the different materials are silicon

nitride and silicon dioxide.



activated by maki ng them hydrophilic or hydrophobic prior to bonding, and
then brought into contact at high tenperature. 149. A pressure sensor
accor di ngvoaoalae3sr 148 wherein the contacting surfaces ace/Ainrougii4iboget her
at a tenperature greater than 7000C. 150.85 pressure sensor according to
claim 147 wherein the wafer bonding is anodi c bonding offers whereby the
contacting surfaces of the first and second wafers have a | arge voltage
applied across them 151. A pressure sensor cording to claim147 wherein
the waf er bondi ngf]i's A HEFCRIE P BTS8 #W%GWE? gfb@prﬁsﬁuﬁi/seeps‘gf | ow

mel ting poi gdmpdigg-ial 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. 152. A pr esshanebes pagioty defoedihnyflexibleira¢mbrasa. thivelraaiber comtaingng arel ti ng

P neor Mo oo R eten i e ofiSh B e IR BRI ReAe: ot BTSERHES

sensor acco | rané 1 s non r. 54. A

pr essur &5 segigRfenfialt Mefivded thdrefdrahdd pkbs3uhad ehdfltideréseniet ank i s corrugat ed.
155. A pressure sensor according to claim 154 wherein the flexible,

corrugat ed menbr asecipad chcwby foreanverting fg dafleghiorgof the flexiRlemembiang infa g8 or
according t I: . } g I a linear response up to
about | MPa. 8111%{}@1%1%?@%6@@%8%@35%&&5%%%?@8%9?%% claim 156 wherein, the
menbr ane cor r ugathe@ngniitaneisat frast padtiadly foahekfoms sndudhs carahit matercal.ons.
158. A pressure sensor according to claim 157 wherein the nenbrane is
substantially circular and the corrugations are annular. 159. A pressure

Sensor fgcofsh N Al QeLliR Thebr 3cdiBing 18 claltf 18P Wikt 1HRRSnd&Y®e Beramic is a

metal nitride.

123. A pressure sensor according to claim 122 wherein, the membrane is titanium
nitride, tantalum nitride, vanadium nitride.

15
124. A pressure sensor according to claim 122 wherein, the membrane is be formed

from mixed metal nitrides.

125. A pressure sensor according to claim 124 wherein the mixed metal nitrides are
20 titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride, titanium

aluminium silicon nitride, or tantalum aluminium silicon nitride.

126. A pressure sensor according to claim 121 wherein the chamber, the flexible
membrane and the associated circuitry are formed on a silicon wafer substrate using

25 lithographically masked etching and deposition techniques.

127. A pressure sensor according to claim 121 wherein, the membrane is less than 0.1

grams.

30 128. A pressure sensor according to claim 121 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.



substantially square-shaped cross-sectional profile. 160. A pressure sensor
according to claim 121 further conprising an aperrured guard over the

menbr ane worzned4essyng | it hographi cally masked et chi ng ardToaposioi«an

techni ques. 161. A pressure sensor accordiing to clai m 160 wherein, the
guard is a lamnate having at |least two |ayers. 162. A pressure sensor
according to claim 161 wherein the layers are different materials. 163. A
pressure sensor according to clai.m 16% Whié in the different mater.ials are
Si 11 con nit17e RMICSHICRERKT a75R1i8 0 aIm K bPegi B° SUHOLF 4PACEHEF ng a
fluid pressyye, faifPr essure sensor conprising: a first wafer substrate
with a front side ar%d an opposi ng back side, a chanber partially defined by
a flexibl e menbrapenductiveeldyarniepbsteflinthe chanberiodonn a ey sapasiter plesteodst atbd

fromthe back side to.the chanber; secand wafer on the back side of .the
first wafer to s&.’ﬁltfef“rl? ° REUPERE LS %Wguﬁtb‘feel,n Oﬁ%egﬁ%foﬁ'fnatsr?go%(ﬁ%arc%g Orceger??‘ 39%?5 a
fluid ats a grhepgnce pressure, such that the flexible nmenbrane deflects due

to pressure differentials between the reference pressure and the fluid
pressure; and, adeftastion efitheiflexibia mymbeane ebangss therrgradiianepawhish thepssemiatede

flexi ble menbr %%‘i&{‘]’\tﬁg?%ﬁh%ﬁ%ﬁ# g%ﬁ%nal i ndicative of the fluid pressure;

wherein, th& S8 onded to the first wafer substrate.
165. A pressure sensor according to claim 164 wherein the wafer bonding is

di rect wafer_ bondi ng whereby the_contacti ng urfaces of th% fi r?t and
second waf et30-ar & RIPISHER SENS9AACCOxHAS to claim 129 further comprising a CMOS layer

10  disposed between the conductive layer and the substrate.

131. A pressure sensor according to claim 130 further comprising a passivation layer at

least partially deposited over the conductive layer.

15 132. A pressure sensor according to claim 121 wherein, the sensor is a micro-electro-

mechanical device at least partially formed using wafer bonding.

133. A pressure sensor according to claim 121 wherein the membrane is approximately
0.5um thick.
20

134. A pressure sensor according to claim 124 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

135. A pressure sensor according to claim 121 wherein the membrane is circular with a

25  diameter less:than 500 microns.

136. A pressure sensor according to claim 135 wherein the membrane diameter is less

than 300 microns.

30 137. A pressure sensor according to claim 136 wherein the membrane diameter is 100

microns.



activated by maki ng them hydrophilic or hydrophobic prior to bonding, and
then brought into contact at high tenperature. 166. A pressure sensor
accor di ngvoaoalae3sr 165 wherein, the contacting surfacesprarauzo@wignto
together at a tenperature greater than 7080C. 167. A pressure sensor
according to claim 164 wherein, the wafer bonding is anodic bonding offers
wher eby the contacting surfaces of the first and second wafers have a | arge
vol t age appl'ed cross them 168..

A pr.ess ensof _according to,clai.m 164
wherein thel1ar oh RIORBRETGIOS PREdip ity BVE 17 Ly BEres g REORR R0y B9 ~of
| ow el ti NgwREIsAanSMItRHIfRIm h serdBRlsb@€et 0 One or both of the contacting
surfaces of the first and second wafers so that heat and pressure forns the

waf er bond. 169. A pressure sensor according to claim 168 wherein the | ow
mel ti ng poi material is silicon nitride iLtanj DL ride,170.. A
pressure seﬁsgm é‘cpc?%ﬁsﬂlier‘?ﬁni% LR i%%a%é? L.‘Ni‘f’}e?h%’%c Var tlee%rnfg%tb%aél%flf &xi bl e
menbr ang andundiffe BSEAE hidbSd 1o [ bistwheréih @t feastiord ofthedagdrs sen heaspptially
substrate using_|lithographically nmasked etching and deposition techniques.

171. A pr esbuned Sepsepnduettrmadteidalt o cl ai m 164 wherein the nenbrane is |ess
than 0.1 granms. 172. A pressure sensor according to claim 164 wherein the
pressure sensor is adapted to sense the air pressure within a pneunatic
tire. 173. MQresgtesuRassor acmeding itodaind 189 aihstelibtheWyersewithinithe beriaate ates a
capacitative sensor. haying: a. conductive |ayer deposited in the chanber to
forma firsbe Sgﬁpﬂt\{‘éldéﬁ‘tsf*t&ﬂﬂ‘é’,fdé%%ﬁentt‘ﬁ%ta’\f/?%ﬁp’&?e menbrane is conductive
in ordefgto forma second capacitor el ectrode;

141. A pressure sensor according to claim 137 wherein the metal ceramics are metal

nitrides or mixed metal nitrides.

142. A pressure sensor according to claim 141 wherein, the metal ceramics are titanium
15  nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, tantalum aluminium silicon nitride.

143. A pressure sensor according to claim 139 wherein one or more of the layers of the
laminate is metal.

20
144. A pressure sensor according to claim 143 wherein the metal is titanium, tantalum or

vanadium.

145. A pressure sensor according to claim 121 further comprising 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
146. A pressure sensor according to claim 145 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,



such that, deflection of the flexible nmenbrane changes the capacitance

whi ch the associated circuitry converts to the output signal. 174. A
pressur e woensavo4asscording to claim 173 further conprisi RGTAUCMIBOIAYer

di sposed between the conductive |ayer and& he substrate. 175. A pressure
sensor according to claim174 further conprising a passivation |ayer at

| east partially deposited over the conductive layer. " . ' 176. A pressure
sensor according to claim 164 wherein, the nenbrane is approximately 0.5mm
thick. 177. A pressure sensor according to claim.173 wherein the

conductive | ayer theSoh@sctivt NBRr OhETieH CREmbdr QY tefiEASIBleendnibrhddSform
undefl ected state. 178. A pressure sensor according to claim 164 wherein

t he menbr aneapagitariclestiodes andithe deflictio pbthe fisgidlexitianpobradechaggss . A
pressure sensar. Ldi 1 Al . | e £ di aneter is
| ess than S@Q%t%r%%%’sh? Chrl]tgﬁ%&R&Sr%gg}gt%‘rz%y\géﬁ{s/eg‘ksqgglgeo? ﬁtg%l@ %Ecl aim 179
wherein 3§ he nenbrane dianeter is 100 mcrons. 181. A pressure sensor
according to claim 164 wherein the sensor is powered by radi o waves

transm ttedy47 OM\GrE QIR Rn &R YESRding &P claftn PLEH Bt BRNIEr iR FRt M4t to claim
164 wherein the fl'exible nenbrane s a am nate having at |east two | ayers

wherein at éu%%&ﬁte%qgl ai%gﬁt@%\iel a%\ﬁ%sop.gésshglbi&as%e B?%ﬁe%%ét{:%edii %)Ir{?ng?fgéf)%ee fein

conductive Taterta pressu sor accor

the layers within the |amnate_ are .
y andt at least one hoelle etcﬁlede from the back side to the recess; and the sensor further

comprising:

10 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.

148. A pressure sensor according to claim 147 wherein the wafer bonding is direct wafer
15  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.

149. A pressure sensor according to claim 148 wherein the contacting surfaces are

20  brought together at a temperature greater than 7 00°C.

150. A pressure sensor according to claim 147 wherein the wafer bonding is anodic
bonding offers whereby the contacting surfaces of the i_irst and second wafers have a large
voltage applied across them. N o

25

"~ 151. A pressure sensor according to claim 147 wherein 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.

30
152. A pressure sensor according to claim 151 wherein the low melting point material is

silicon nitride or titanium nitride.



be formed fromthe deposition of different nmetal ceramcs. 184. A pressure
sensor according to claim 180 wherein the netal ceramcs are netal nitrides
or m xed wetad6/mae3sri des. 185. A pressure sensor accor di RgTtAw2004200m1984
wherein, the netal ceramics are titanium¥ tride, titanium al uninium
nitride, tantalumsilicon nitride, titaniumalum niumsilicon nitride,
tantalumalumniumsilicon nitride. 186. A pressure sensor according to

cl aim 182 wherein one or nore of the layers of the lamnate is netal. 187.
A pressure sensor according to claim 186 wherein the nmetal is titanium
tant al um or 1yanagigRsufeBBnso aBERERL S RPN I2T wheFH, dhd EheinBrankdd MnlSdndrur t her
conprising a second chanber with a second nenbrane, the second chanber

bei ng sealed fromthe fluid pressure and thesecond nenbrane deflecting from
a predetermped pressure differ i h ?rh X rel he
associ at ed élul?cuiRtp f/ssg%ens\?e?({rs?g?ﬁ(gﬁlgé? nl%%: ?8?1%? IQ: @Qg%%%%%n%%‘gﬁg aé[e(li'nt 0 an
adj ust mesnt of the output signal to conpensate for the tenperature of the

sensor. 189. A pressure sensor according to claim 188 wherein the sensor is
a capacitat ¥ sArPsesurafenspr acewhiagde pian | ad siherep i flezible roraiggipdor t he

first and s&%&@ﬂaﬂ%%?‘g%ﬁugﬂgnt Olf('gfrgsjt and second fl exi bl e menbranes are
hat, the

conductive; suc conductive layer in the first chanber and the
first flexible nenbrane form capacitor el ectrodes and the deflection of the

first flexible nbrane changes the capacitance which the associated

circuitry chifver PPTESUHENNY ‘Eﬂr&%‘géﬁ"ug]?l.m igg""%ﬁmb‘}’é@%iﬁn@(’%}@ﬁg CLERYPhg

to cIaimlGé}%Wog{Mgg menbrane is at least partially formed froma netal
erial.

ceram c mat
157. A pressure sensor according to claim 156 wherein, the membrane corrugations

have a period of between 5 microns and 15 microns.

15 158. A pressure sensor according to claim 157 wherein the membrane is substantially

circular and the corrugations are annular.

159. A pressure sensor according to claim 153 wherein the corrugations have a
substantially square-shaped cross-sectional profile.

20
160. A pressure sensor according to claim 121 further comprising an apertured guard

over the membrane formed using lithographically masked etching and deposition

techniques.

. =. 25 161. A pressure sensor according to claim 160 wherein, the guard is a laminate having at

least two layers.
162. A pressure sensor according to claim 161 wherein the layers are different materials.

30 163. A pressure sensor according to claim 162 wherein the different materials are silicon

nitride and silicon dioxide.



191. A pressure sensor according to claim190 wherein the conductive
ceramc is a netal nitride. 192. A pressure sensor according to claim 191
wher ei n twe 2oefaezsne is titaniumnitride, tantalum nitripdeAvzecsadiaim
nitride. 193. A pressure sensor accordi nd®o clai m 190 wherein the menbrane
is be formed fromm xed netal nitrides. 194. A pressure sensor according to
claim 193 wherein the mxed netal nitrides are titaniumsilicon nitride,
tantalumsilicon nitride, vanadiumsilicon_ nitride i tani um al um ni um
silicon nitride, & tAMCHFHRSSPORTNISERTIRS f ALPIRSSEES Hi PrYSET Sk essur e
sensor according to claim 194 wherein 196. A pressure sensor according to
cl ai m 164 weompgismg:t he nenbrane i s non-planar.197. A pressure sensor
according to claim 196 wherein the nmenbrane is corrugated. 198. A pressure
sensor accor di nga first elafir sulistratenhith eifront side Addoari dpp@simgrback sidech ¢chantbeane has

a corrugation facto 8..199. A pressure sensor. accqrdi to.clajm198
wher ei n, th%@%é‘iﬁﬁrnﬁ‘ggyé ﬂqxgrgamerf@%%r@én % ei‘(?@?gﬁaf’ W‘g% lﬁ%)%fm%h Pessure
Sensor  aCCogdh 4R tifd BicRsiiR % YHEh@Ber;t he nenbrane corrugations have a
period of between 5 mcrons and 15 mcrons. 201 . A pressure sensor
according to cl ai sac2fdwafezogitie bavk siderfitizmfirst waten bsseahthealt lepstinedwglear and

the corrugatjons are annular. 202. A pressure sensor according to claim 196
wherein t he"e®Fagati ons have a substantially square-shaped cross-sectional

profile. 203. A peRESHP& BEATRT AGRDItAirBRrdnte plediuie, s0dh fat tHadTexdepr i si ng
an apertured guard over the nmenbrane forned using |ithographically_ nasked
et chi ng andmempeasierdeBects due to pressure differentials between the reference pressure and the

10  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 to the first wafer substrate.

15 165. A pressure sensor according to claim 164 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.

20 166. A pressure sensor according to claim 165 wherein, the contacting surfaces are

brought together at a temperature greater than 7 00°C.

167. A pressure sensor according to claim 164 wherein, the wafer bonding is anodic
bondiﬁg offers whereby the contacting surfaces of the first and second Wafers have a large

25 voltége applied across them.

168. A pressure sensor according to claim 164 wherein 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

30 forms the wafer bond.

169. A pressure sensor according to claim 168 wherein the low melting point material is

silicon nitride or titanium nitride.



techni ques. 204. A pressure sensor according to claim203 wherein, the
guard is a lamnate having at |least two |ayers. 205. A pressure sensor
accor di ngvoaoaae3sr204 wherein the |ayers are different Pomtaani@m®m141206. A
pressure sensor according to claim205 w¥rein the different nmaterials are
silicon nitride and silicon dioxide. 207. A pressure sensor for sensing a
fluid pressure, the pressure sensor conprising: a chanber partially defined
by a flexible nenbrane, the chanber containing a fluid at a reference
pressure, such that the flexible nmenbrane deflects due to pressure

di f ferenti alf betABREFNSNEST REEAGE: BICBSHUGS vHgeih e thathisbr Phe Fiskibes
and, associated circuitry for converting the deflection of the flexible

menbr ane i nmembrensang the assqpiated rineliicnaieernsgd ethesiticen walsr sabstrate; usitger ei n,
t he menbrang_ i s non-pl anar. 8. A I according to claim 207
wher ein theﬁ%%@‘ﬁ%ﬁ)ﬁf@a eflreﬁc ?%@do(%ggsﬁﬁ%ﬁ%%gg%rsé sensor according to
claim 238 wherein, the nenbrane corrugations have a period of between 5
m crons and 15 microns. 210. A pressure sensor according to claimz208
wher ei n, t h&7 endmapsuieseniob deerding i ¢laim 164 whereyihe meaitrang is dess thnd . br e
annul ar . Zléf pressure sensor according to claim 207 wherein the
corrugation ave a substantially square-shaped cross-sectional profile.
212. A pressure sensor according to claim211 further conprising an

h ; ; . !
2? g?l;[ ﬁgegng%ﬁ?;gogiygg%{%re?sg&%%é%g '_ng% cr:rl?ugtin lllgéll \rzlv erleir;[ tlglg%;e% ur}le %grllslo}/isrg%gll)(t%g to

10  sense the air pressure within a pneumatic tire.

173. A pressure sensor according to claim 164 wherein 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.

20 174. A pressure sensor according to claim 173 further comprising a CMOS layer

disposed between the conductive layer and the substrate.

175. A pressure sensor according to claim 174 further comprisipg a passivation layer at
least partially deposited over the conductive layer.

25 e
176. A pressure sensor aééordirig to claim 164 wherein, the membrane is approximately

0.5um thick.

177. A pressure sensor according to claim 173 wherein the conductive layer is less than

30 50 microns from the membrane in its undeflected state.

178. A pressure sensor according to claim 164 wherein the membrane is circular with a

diameter less than 500 microns.



213. A pressure sensor according to claim 207 wherein, the chanber, the

fl exi bl e menbrane and the associated circuitry are formed on a silicon
waf er subworatden4esing | it hographi cally nasked et chi ng ardToaROGHWI4AN

techni ques. 214. A pressure sensor accord?ng to claim207 wherein the
menbrane is less than 0.1 grans. 215. A pressure sensor according to claim
207 wherein the pressure sensor is adapted to sense the air pressure within
a pneumatic tire. 216. A pressure sensor according to claim207 wherein the
sensor is a capacitative sensor having: a conductive |ayer deposited in the

chanber to frm & grisssle s6RRAGEORIng SO UES whbid he nidntbriid Eakebisleg i s
conductive in order to forma second capacitor electrode; such that,

def | ecti on than BP@mfi¢rend.bl e menbr ane changes the capacitance which the
associated circuitry converts to the output signal. 217. A pressure sensor
according to claim 216 further conprising a CMOS | ayer di sposed between the

conductisve gtyer Anébstideesssbatdoddifig t2digim A7PvBERU the RsRanadiametd il 000
claim 217 further conprising a passivation |ayer at |east partially

deposi ted onErorshe conductive |ayer. 219. A pressure sensor according to

cl aim 207 wherein, the nmenbrane is approximately 0.5mm thick. 220. A
pressure sensor according to claim 216 wherein the conductive |layer is |ess
than 50 m cr8Ins Apeessilkaeisoracanding o tlasn (64 ehbent thd sadsat &.po2dted byrradio
pressure sensor according to claim 207 wherein the nenbrane is circular
with a di anWevss taBsRitied o5 emete Sepse:

10
182. A pressure sensor according to claim 164 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.

15 183. A pressure sensor according to claim 182 wherein the layers within the laminate are

be formed from the deposition of different metal ceramics.

184. A pressure sensor according to claim 180 wherein the metal ceramics are metal
nitrides or mixed metal nitrides.

20
185. A pressure sensor according to claim 184 wherein, the metal ceramics are titanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, tantalum aluminium silicon nitride.

25 186. A pressure sensor according to claim 182 whereifi one or more of the layers of the

laminate is metal.

187. A pressure sensor according to claim 186 wherein the metal is titanium, tantalum or
vanadium.

30
188. A pressure sensor according to claim 164 further comprising a second chamber

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



222. A pressure sensor according to claim 221 wherein the nenbrane di aneter
is less than 300 mcrons. 223. A pressure sensor according to claim 222
wher ei n twe 2owndaezsne di ameter is 100 microns. 224. A pr @STNR0GHN0SOD
according to claim207 wherein the sensor9is powered by radi o waves
transmtted froma renote source. 225. A pressure sensor according to claim
207 wherein the flexible nenbrane is a Iam nate having at |east two | ayers

wherein at | f the | tially f d f
Conduct i ve s amos9e deHSoEIET o bidRlenn i) opbas g M58 her i n

the layers sMaidbeR Wigeiham nate are be for med fromthe deposition of
different netal ceram cs. 227. A pressure sensor according to claim 223
wher ei n t he net athegssogistadscirgnidrymenu¢rtsthe defieationof thocseondamembrane intg@s. 228,

A pressure S or accordi.n a|m227 r mcs are
titani um ni a(cﬁﬁls tt?%g%?%]?[aﬁl%l r?f i coﬁ%pr%n% éNP tﬁ? Qﬁur%g‘;c‘silfﬁ’leg%ﬁsrom tride,
titani umm al um ni um silicon nitride, tantal umalumniumsilicon nitride.
229. A pressure sensor accordi ng to clajim 225 wherein one or nore of the

| ayers of tH®.| affinresserejsenseseegordipgty clainy | 3% whereinsiig sensonis @sepragtive cl ar m
229 wh | |
ereing (Si‘r ng L% h&ué%?swfeyﬂ%phgﬁéﬁﬁ A0 BF ¥ AT Re §Jchﬁﬁbé)r§§ﬁc§

sensor accor Soarm rising a decond er vmt
second menbfignsnd iebencsﬂaﬁhldméiﬁhrhmmmm@uste@d eakcH thetn t he f 1l uid pressure
and the second nenbrane deflecting froma predeterm ned pressure difference
in the second chanber; wherein,

10 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.

190. A pressure sensor according to claim 164 wherein the membrane is at least partially

15 formed from a metal ceramic material.

191. A pressure sensor according to claim 190 wherein the conductive ceramic is a

metal nitride.

20 192. A pressure sensor according to claim 191 wherein the membrane is titanium nitride,

tantalum nitride, vanadium nitride.

193. A pressure sensor according to claim 190 wherein the membrane is be formed from
mixed metal nitrides.

25
194. A pressure sensor according to claim 193 wherein the mixed metal nitrides are
titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride, titanium

aluminium silicon nitride, or tantalum aluminium silicon nitride.
30 195. A pressure sensor according to claim 194 wherein

196. A pressure sensor according to claim 164 wherein, the membrane is non-planar.



the associated circuitry converts the deflection of the second nenbrane
into an adjustnent of the output signal to conpensate for the tenperature
of the seweanoc/@387 A pressure sensor according to clai RC2ZAU20uen0ei1n t he
sensor is a capacitative sensor, with a &nductive |ayer deposited in each
of the first and second chanbers and the first and second flexible

menbr anes are conductive; such that, the conductive layer in the first
chanmber and the first flexible nbr ane f apacitor el ect. t he
def | ecti on G-t H‘%PWSF@F S?W8§<P‘Eﬂ°§ﬂ%£?o$§ﬁle?%dg]‘gﬁ%r§? tbﬁglegle?ﬁagncel IE g%%? a\?\%'j ch the
associated circuitry converts to the output signal. 233. A pressure sensor
according to claim 207 wherein the nenbrane is at |east _partially formed
from a net al98cerAaprassuratsensonhcc@sling ® Peias kU whersinsthe gzl rngated cl ai m 233
wherein the cogdu?cnhi ve cer agi cfi o et al nitride. 235. A pressure sensor
accor di ng tBERPEPRPESA ARG PR THE 8ivbrane is titaniumnitride, tantal um
nitrides vanadiumnitride. 236. A pressure sensor according to claim 233
wherein the nmenbrane is be fornmed fromm xed nmetal nitrides. 537. A
pressure seiffor AEsFaeeNHaedosiIAg 3daifh IS WACTeHe the %‘?%’r%éﬁ % INGAT FFYPARYE ar e
titanium si lpitg%o&j ]Itl\%g'e', tantalumsilicon nitride, vanadiumsilicon
nitride, tittaniunt al unmini um silicon nitri de, or tantalumalum niumsilicon
nitride. 238. A pressure sensor according to claim 213 wherein the wafer is

a first wafer substrate with a front si.de d. an. opposi ng back side, a
recess et chedly- i nd HTeSHECSEROL a%‘ioﬂ‘é‘n&mjaﬁlfn l@;&’bﬁr&{‘e %ﬁ:orpgng{agﬁ 8%?%‘8?? he

back si]g)e t}%vggieg?&?Egé?%ggSm&oﬁgmfsM&,H@r conprising: a second wafer

on the back si rst wafer to seal the at | east one hol e;

201. A pressure sensor according to claim 200 wherein the membrane is substantially

circular and the corrugations are annular.

15 202. A pressure sensor according to claim 196 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

203. A pressure sensor according to claim 164 further comprising an apertured guard
over the membrane formed using lithographically masked etching and deposition

20  techniques.

204. A pressure sensor according to claim 203 wherein, the guard is a laminate having at

least two layers.
25 205. A pressure sensor according to claim 204 wherein the layers are different materials.

206. A pressure sensor according to claim 205 wherein the different materials are silicon

nitride and silicon dioxide.

30 207. 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,



wherein, the second is wafer bonded to the wafer substrate. 239. A pressure
sensor according to claim 207 wherein, the nenbrane is non-planar. 240. A
pressur e woensavo4asscor di ng to claim 239 wherein the waf epCoovidnoagoiaodi r ect
waf er bondi ng whereby the contacting surffces of the first and second
wafers are ultra clean, and activated by making them hydrophilic or

hydr ophobi ¢ prior to bonding, and then brought into contact at high

tenmperature. 241 . A pressure_.sensor_.acgorgdi.ng.to ai,m.240 wherein.the

f1 exibl e corrugalsef! SHRY (FLORVEERS égﬂS%I %fﬁt? 8*1%%.159{3.&%\6 Breddur e
sensor acco&&{)ﬁ&%ﬁlﬁh%ﬁ%@éﬂfh@mﬁ{@ﬁressuﬁéaw&%,or has a linear response up
to about | MPa. 2 A pressure sensor according to claim242 wherein, the

contacti ng surfatheﬁlealluatlﬂisugh-mlmget her at a tenperature greater than
7000C. 244. A pressure sensor according to claim?243 wherein the wafer
bondi ng i s anodi ¢ bonding of fers whereby the contacting surfaces of the

first and sgsmondawWadssi® sBidoe adcokding € Meint 20EwapRlH e neuitaase iskoffugadh. A
pressure sensor according to claim 239 wherein the wafer bonding is

internedi ate | ayer bondi ng whereby a | ayer of low nelting point material is

apol e 10, 800 1y DO LIS CONL S, Ly A 55 e WG AR acond

waf ers so t and pressure s ond A préssure

sensor accokgliengetiod of Betieed S mib@nhe and 1 Himi¢roms.mel ting point material is
silicon nitride or titaniumnitride. 247. A pressure sensor according to
cl aim 246 wherein the guard is a |lam nate having at | east two | ayers.

10 210. A pressure sensor according to claim 208 wherein, the membrane is substantially

circular and the corrugations are annular.

211. A pressure sensor according to claim 207 wherein the corrugations have a
substantially square-shaped cross-sectional profile.

15
212. A pressure sensor according to claim 211 further comprising an apertured guard
over the membrane formed using lithographically masked etching and deposition

techniques.

20 213. A pressure sensor according to claim 207 wherein, the chamber, the flexible
membrane and the associated circuitry are formed on a silicon wafer substrate using

lithographically masked etching and deposition techniques.

214. A pressure sensor according to claim 207 wherein the membrane is less than 0.1

25  grams.

215. A pressure sensor according to claim 207 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.

30 216. A pressure sensor according to claim 207 wherein the sensor is a capacitative
sensor having:

a conductive layer deposited in the chamber to form a first capacitor electrode; and,



248. A pressure sensor according to claim 247 wherein the |ayers are
different materials. 249. A pressure sensor according to claim 248 wherein
t he di ff ewerboamatasri als are silicon nitride and siliconPdirowi20e/00260. A
pressure sensor for sensing a fluid presfdre, the pressure sensor
conprising: a chanber partially defined by a flexible nenbrane, the

fl exi ble menbrane at |east partially formed fromconductive material, and

t he chanber containing a fluyid at a.eferenc ressure, such t.hat,the, .
f1exi bl e nmenbra e@éﬁ"iggctfl%m ’iaBﬁfsa‘f%?dB&b‘@éﬁ PE&HF‘\‘ %@&F@gorﬁié?a\%%ﬂorte}]egl%de’
reference ppesguke and the fluid pressure; a conductive layer within the
chamber spaced fromthe flexible menbrane; and, associated circuitry |

i ncor por at i deflettien ¢f thx flptiblermerbbrane changes the cepasiteae wiich fipaassociaiechclf Witey t he
conductive Ia\éer aqﬂ tht‘g fI.ebeI e nmenbrane form capacitor el ectrodes and
the def | ectoBNEt ALY PESHI% nenbrane changes the capacitance which the
associ atsed circuitry converts into an output signal indicative of the fluid

pressure; wherein, the conductive layer is arranged such that deflection of
the menbr ar®l7 owAmdessurn serson aerording tq elgiar 2 tatirhesemaresing e CMQP BYFF om

bet ween t he,.ne t I 51. A pressure sensor
accordi ng t%s%q%g‘?ﬁ&%g%p&lﬁrctgﬁ%&%%g? r%ésﬁ?dn%lg)é%sgsa%fvati on | ayer at | east
partially deposited over the conductive |ayer. 252. A pressure sensor

according to claim 251 further conprising | ayer .di sposed .bet ween the
conduct i ve 3ldyerADRRFSYIECRIHAgGOE{IAE topgiaim %ﬁ)&@h‘f@@éﬁ%? B%?é’éfﬁ'ilm ]:‘/i‘éiertaé

claim 23l agl ShitialiDAIRIBY 806 hScARBLEN IgpLel y 0. 5mm Lhick. 254. A

pressure sensor acc g to claim250 wherein the conductive |ayer is |ess
t han

219. A pressure sensor according to claim 207 wherein, the membrane is approximately

0.5um thick.

15 220. A pressure sensor according to claim 216 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

221. A pressure sensor according to claim 207 wherein the membrane is circular with a
diameter less than 500 microns.

20

222. A pressure sensor according to claim 221 wherein the membrane diameter is less

than 300 microns.

-~

223. A pressure sensor according to claim 222 wherein the membrane diameter is 100

25  microns.

224, A pressure sensor according to claim 207 wherein the sensor is powered by radio

waves transmitted from a remote source.

30 225. A pressure sensor according to claim 207 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.



50 microns fromthe nmenbrane in its undeflected state. 255. A pressure
sensor according to claim 250 further conprising an apertured guard over

t he nenbrwoeodeomessd usi ng |ithographically nasked et chi rgTavidod@posdt i on

t echni ques. 256. A pressure sensor accord’/ng to claim250 wherein, the
chanber, the flexible nmenbrane and the associated circuitry are forned on a
silicon wafer substrate using lithographically nmasked etching and
deposition technjiques. 257. A pressure se r.according to.cla m 250

wher el n t heaPent/t BFESITE SPSQE aGRiging toy Tyt 42> whestn the IR isiin doglefinate are
accordi ng ti BiaedeRthNISS Rt ITR BEreRTHES ehsies. | s adapted to sense the
air pressure within a pneumatic tire.259. A pressure sensor according to

cl ai m 250 wherein the nmenbrane is non-planar. 260. A pressure sensor

di l'ajm 259 wh ' ' ,
ensor accobtl ng Proars et akire PR TR e PRl Y AR SR e RS ©

period of bgiwRebr Mitedeh&hsniaidds 15> m crons. 262. A pressure sensor
according to claim 250 wherein, the nenbrane is substantially circular and

the corrugations are annular. 263. A pressure sensor according to claim259

wher ein thgzgs?r rgg?ésg&aﬁe&%ygcc%nﬁggg&r g% 341 %h?rg#ﬁlﬁl‘geg‘ggtaﬁ&qarﬁf&?%éﬁt Lional

profile. 2 A ‘pressure sensor a foc erern exl bl e
corrugat ed migfdel dneivhesumigionmigiie] antatuae sidicowhit@de, Zifdmium ahmesmr eilis@nsor
according tg c|aim 264 wherein the sensor has a |linear response up to about
| MPa. 266. Mirpieetatpiun alupnyditeeniifiie o cl ai m 250 wherein the sensor is

poweredipy a longlife

229. A pressure sensor according to claim 225 wherein one or more of the layers of the

laminate is metal.

230. A pressure sensor according to claim 229 wherein the metal is titanium, tantalum or

15  vanadium.

231. A pressure sensor according to claim 207 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
20  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.

232. A pressure sensor according to claim 231 wherein the sensor is a capacitative
25  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

30  capacitance which the associated circuitry converts to the output signal.

233. A pressure sensor according to claim 207 wherein the membrane is at least partially

formed from a metal ceramic material.



battery. 267. A pressure sensor according to claim250 wherein the sensor
is powered by radio waves transmtted froma renote source. 268. A pressure
sensor acwonrdiang23se cl ai m 250 wherein the fl exi bl e nmenbramati2eo4zoi4anm nat e
having at |east two |ayers wherein at | ed¥ one of the layers is at |east
partially formed from conductive material. 269. A pressure sensor according
to claim 268 wherein the layers within the lamnate are be forned fromthe
deposition of different nmetal ceram cs.270. A pressure sensor according to
claim 269 wherein the netal ceramics are netal nitrides or m xed netal

nitrides. 274 . A REBSSYER0SBEDMInAESBERH DB WlelPihBceddichiec@hmic isle net al
ceramcs are titaniumnitride, titaniumalumniumnitride, tantalumsilicon

nitride, timatloittiéd. urmi nium silicon nitride, tantalum al um nium silicon
nitride. 272. A pressure sensor according to claim268 wherein one or nore
of the layers of the lamnate is nmetal. 273. A pressure sensor according to

claim 2% wnay. ei A présurdBbdor hécokdihg fd cleim 23N ivhkiem the meatashdigtitahivin nfride,
pressure sensor according to claim250 further conprising a second chanber

with a secoifatafpspbitade vaRadius 858 chanber being sealed fromthe fluid
pressure and the second nmenbrane deflecting froma predeterm ned pressure
difference in the second chanber; wherein, the associated circuitry
converts the3alef Aagéssame sefisot hecosding nuiclaimmD3 hwheteit the arensapnesis tve fivrnodd frdme

out put signal to compensate for the tenperature of the sensor. 275. A
pressure seW&ud metelghtidsy to claim 274 wherein the sensor is a capacitative

10
237. A pressure sensor according to claim 236 wherein the mixed metal nitrides are
titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride, titanium

aluminium silicon nitride, or tantalum aluminium silicon nitride.

15 238. A pressure sensor according to claim 213 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;
20  wherein,

the second is wafer bonded to the wafer substrate.
239, A pressure sensor according to claim 207 wherein, the membrane is non-planar.

25 240. A pressure sensor according to claim 239 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.

30 241. A pressure sensor according to claim 240 wherein the flexible corrugated

membrane has a corrugation factor of 8.



sensor, with a conductive |ayer deposited in each of the first and second
chanbers and the first and second fl exi bl e nmenbranes are conductive; such

t hat, thewoaneuatisve | ayer in the first chanber and t hePCirraatoddooxiibl e
menbr ane form capacitor electrodes and t19€ deflection of the first flexible
menbr ane changes the capacitance which the associated circuitry converts to
the output signal. 276. A pressure sensor according to claim250 wherein

the menbrane.is at | east partiall. or,ned, froma. netal ceram ¢ _material .
s o aar o KbrsSRRheRBr bl R A ARy Bleer AT fnd rEpofte
ceram c is g tgRbaht INIP4.i de. 278. A pressure sensor according to claim 277

wherein the nenbrane is titaniumnitride, tantalumnitride, vanadi um
nitride. 279. A pressure sensor according to claim?276 wherein the nmenbrane

is be for fromm xed netal nifrigdes,: e s ding to
claim 279%&‘ ei‘g] PEREHPYE] AELS m‘%got é?lggg&awg\eltg{nf g%:égfgntagﬁﬁg %:%%a%%sf%ei de,

t ant al um sigrh tdg'etlfeirdﬁa temmﬂ@&rgr@itéritﬁﬁmoﬂocn de, titanium al um nium
silicon nitride, or tantalumalumnniumsilicon nitride. 281. A pressure
sensor according to claim 250 wherein the conductive layer is apertured to

Sp0 A e o2t & ADrL B LIBMBGINRED (i FEIBEANE 8 YaldbofaRductdoet, L&Y er-

282. A pressure ‘'sensor acco alm 250 wherern t Is a first
waf er substboatimgwifidis @hérebythesodtactnglsuafaceppithe figst laad kecond evafas haceskrge
etched into the frCf_nt side _and at | east one hole etched fromthe back side
to the recd®YagamPied@cOshBSPL f urt her conprising: a second wafer on the
back sijde of the first wafer to seal the at |east one hole; wherein,

245. A pressure sensor according to claim 239 wherein 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
246. A pressure sensor according to claim 245 wherein the low melting point material is

silicon nitride or titanium nitride.

247. A pressure sensor according to claim 246 wherein the guard is a laminate having at

20  least two layers.
248. A pressure sensor according to claim 247 wherein the layers are different materials.

249. A pressure sensor according to claim 248 wherein the different materials are silicon

25  nitride and silicon dioXide.

250. A pressure sensor for sensing a fluid 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 containing a fluid at a
30 reference pressure, such that the flexible membrane deflects from any pressure difference
between the reference pressure and the fluid pressure;
a conductive layer within the chamber spaced from the flexible membrane; and,
associated circuitry incorporating the flexible membrane and the conductive layer; such

that,



t he second wafer is wafer bonded to the first wafer substrate. 283. A
pressure sensor according to claim 282 wherein the wafer bonding is direct
waf er borwlorgosdaesseby t he contacting surfaces of the fi Pst/Aandodgocand
wafers are ultra clean, and activated byl®&ki ng them hydrophilic or

hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. 284. A pressure sensor according to claim250 wherein the

contacti f b ht .t t. t t t t th
S000c 558 ° A reoadutiresango it o fBHAG PR A 8s CHETER R oies b e
bondi ng is an&@ig&i&%@"tﬁa REHE SaMIRRD ¥R (APt @AAdIRECS WHGC 8% afsobhted

first and second wafers have a |l arge voltage applied across them 286. A

pressure sensarcuigeamyengintoancdetpw i8B! ildisative of the fluad preswyori dihegeins
i nternedi ate | ayer bondi ng whereby a | ayer of lownelting point material is
appl i ed to thaeomtuctios lnyef is talrengedrstele thahdeftuetibm of theafiehrend fommrdsahe second

waf ers so that heat and pressure for the wafer bond. 287. ressure
sensor accofoddagvedaysr spndise C‘?/\ﬁlérf@#ﬂﬁng?qt‘BW F fﬂtﬁ%@tﬁﬁgﬁl&iwﬁ s
silicon ni \t,\%g&e or titaniumnitride. 288. A pressure sensor according to

cl ai m 250 rein the menbrane is circular with a dianeter | ess than 500
m crons. 289. A pressure sensor according to claim 288 wherein the nenbrane

dianeter is less,than-300 mcrons. 29Q.. ssure sensor _according to
cl ai m 289 rei ﬁpg%u%g%sroaﬁ%co@ggrﬁq g?mfAég) (i %%W%S.mgzﬁﬁas.swﬂg%? g“é’ e
sensor accolreggt@gﬂ{agy%ﬁgsﬁbggoerm@é@jdacﬁmay@yers are different materials.
292. A pressuré senSor according to claim?291 wherein the different

materi als are silicon
252. A pressure sensor according to claim 251 further comprising a CMOS layer

disposed between the conductive layer and the substrate.

253. A pressure sensor according to claim 251 wherein the membrane is approximately

15  0.5um thick.

254. A pressure sensor according to claim 250 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

20 255. A pressure sensor according to claim 250 further comprising an apertured guard
over the membrane formed using lithographically masked etching and deposition

techniques.

256. A pressure sensor according to claim 250 wherein, the chamber, the flexible
25 membrane and the associated circuitry are formed on a silicon wafer substrate using

lithographically masked etching and deposition techniques.

257. A pressure sensor according to claim 250 wherein the membrane is less than 0.1
grams.

30
258. A pressure sensor according to claim 250 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.



nitride and silicon dioxide. 293. A pressure sensor for sensing a fluid
pressure, the pressure sensor conprising: a chanber partially defined by a
f I exi bl e woerhecaae3s7t he fl exi bl e nenbrane is a | am nat e Rraviamo@tooi4dast two
| ayers wherein at |east one of the |ayer$0is at |east partially formed from
conductive material, and the chanber containing a fluid at a reference
pressure, such that the flexible nmenbrane deflects fromany pressure

di fference between the reference pressure d, the fluid,pressure;. and,
associ at ed 2% c UM PFSPFSHE rse%ﬁﬁ‘"éiofqlﬁétooé?l Bhers the Membrans s ponRlafane
into an output signal indicative of the fluid pressure.294. A pressure
sensor according to claim 293 wherein the |ayers within the |am nate are be
formed froradthe Appssireisemsoohcaidiig toediaimmiavhereinethe om2a® is porprgasesiur e
sensor according to claim 294 wherein the nmetal ceramics are netal nitrides
or mxed netal nitrides. 296. A pressure sensor according to claim 294

wher ei n gwhes@i N A Besdireabno bttt difig &Y @aitl 260N HERH, tHel émbitaht actrugatiahaim ni um
nitride, tantalum'silicon nitride, titaniumalumniumsilicon nitride,

t ant al um al haveniperiod of betwigem b mricupas axb> micrpasessur e sensor according to

cl aim 296 wherein one or nore of the layers of the lamnate is netal. 298.
A pressure sensor according to claim297 wherein the netal is titanium

t ant al um orzgpanafipdBsurd¥8nsof afdoedisig icclSiaN3S0 whee, tietgembraat & sub@8@ially
wherein, the chanber, the flexible nenbrane and the associated circuitry
are forned @rular gnd fheormgrigonsipdnul®e using |it hographi cal |y masked
etchinguﬁnd deposi ti on techni ques.

263. A pressure sensor according to claim 259 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

264. A pressure sensor according to claim 263 wherein the flexible corrugated

15 membrane has a corrugation factor of 8.

265. A pressure sensor according to claim 264 wherein the sensor has a linear response

up to about 1MPa.

20 266. A pressure sensor according to claim 250 wherein the sensor is powered by a long-

life battery.

267. A pressure sensor according to claim 250 wherein the sensor is powered by radio
waves transmitted from a remote source.

25

268. A pressure sensor according to claim 250 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.

30 269. A pressure sensor according to claim 268 wherein the layers within the laminate are

be formed from the deposition of different metal ceramics.



300. A pressure sensor according to claim 293 wherein the nenbrane is |ess
than 0.1 granms. 301 . A pressure sensor according to claim293 wherein the
pressur e wonsavo4eis7adapt ed to sense the air pressure w PoTmEI@OWMTIAL | C
tire. 302. A pressure sensor according td02l ai m 293 wherein the nenbrane is
non- pl anar. 303. A pressure sensor according to claim 302 wherein the
menbrane i s corrugated. 304. A pressure sensor according to claim 303

wherein, th rane corrugations have.a ri.od .of. between 5. m crons. and
T crons. 335 A mrsutrbsE aeShigdt S A5 MUtra e DT HaRiss e Pra

menbr ane i spfHOSIARMIkad nétal hitgddsar and the corrugations are annular. 306. A
pressure sensor according to claim 302 wherein the corrugations have a 5

substantially square-shaped cross-sectional profile. 307. A pressure sensor

cor rugat L on 27 ot DB ity abe e ER 220 SRR HE TGRS F Biofiose

wher ei n § henBEAE titanid@f aRmhihlV@Rhithi @S PRI EmEHidoR ndpide] tithiMBm: ald@hiur stHcBASUr €
sensor according to claim 293 wherein the sensor is powered by a longlife

battery. 15ndude, tatgdpaadypiniye sisen ai86¢-di ng to cl ai m 293 wherein the
sensor is powered by radio waves transmtted froma renote source. 311. A
pressure sensor according to claim 293 wherein the sensor is a capacitative
20 sensor havl.ngA mesaruleasoraecdrdingrto drfin268 ehetdin bhe ochardudthé yé oMl

first capac'i tar electr Pde; and,
aminate 1s metal.
10
273. A pressure sensor according to claim 272 wherein the metal is titanium, tantalum or

vanadium.

274. A pressure sensor according to claim 250 further comprising a second chamber
15  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.
20
275. A pressure sensor according to claim 274 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
25" capacitor electrodes and the deflection of the first flexible membrane changes the

capacitance which the associated circuitry converts to the output signal.

276. A préésure sensor according to claim 250 wherein the membrane is at least partially
formed from a metal ceramic material.

30
277. A pressure sensor according to claim 276 wherein the conductive ceramic is a

metal nitride.



the flexible nmenbrane is conductive in order to forma second capacitor

el ectrode; such that, i deflection of the flexible nenbrane changes the
capaci t arwe 2ofwmbssthe associated 25 circuitry converts POTIAROGINPLID
signal; wherein, : the conductive |ayer 103 arranged such that deflection of

t he nenbrane towards the conductive |ayer can displace the fluid from
between the menbrane and the conductive layer. 30 312. A pressure sensor

di I 311 f h j ' ..at:
par cial 1y ddbosi BEeoUeiettord kNP DRI R R iRy i Bl ERlee,

accordi ng gl ditridd A dnbdicheditddenpri sing a CMOS | ayer disposed between the
conductive layer and the substrate. 314. A pressure sensor according to
cl ai m 313 wherei n the nenbrane is approximately 0.5mmthick. 315. A

pressure s %85 el r %eru?é %Séroaé’g&n@%%@rtg Hadm¥18 rvﬂie?ené R AOATHAE iV foRYEd ﬁ‘b'lzl

| ess than rom ane in its undeflected state. 316
pressure semigsed metatonddesg to claim 293 further conprising an apertured
guard over the menbrane forned using |ithographically masked etching and
deposition techniques. 317. A pressure sensor according to claim293

further comppi Sidgy. @é‘éﬁ@& &8 toMdif BOSARAAH thEEmiNea Retaltigideesend

chanber being sea e romthe | uid pressure and the second nenbrane

\cll\ke]f | ecting ﬁitamlmmaﬂmmd&nde rramteldnpsibeuniwidg) Yanedioncelicon nifidlesiesiven chanber ;
erein, associ ted CUI conver.t s th def egtion of the second

menbr ane |ﬁ$ &Tﬁﬁ f Wgﬂii gicOnpensate for the

t enper gpur e of the sensor.

281. A pressure sensor according to claim 250 wherein the conductive layer is apertured

to allow the fluid to flow from between the membrane and the conductive layer.

282. A pressure sensor according to claim 250 wherein the wafer is a first wafer

15  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,

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

283. A pressure sensor according to claim 282 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
25  into contact at high temperature.

284. A pressure sensor according to claim 250 wherein the contacting surfaces are

brought together at a temperature greater than 700°C.

30 285. A pressure sensor according to claim 284 wherein, the wafer bonding is anodic
bonding offers whereby the contacting surfaces of the first and second wafers have a large

voltage applied across them.



318. A pressure sensor according to claim317 wherein the sensor is a
capacitative sensor, with a conductive |ayer deposited in each of the first
and secomstochenaesss and the first and second fl exi bl e meaibraanes/miH9
conductive; such that, the conductive lay® in the first chanber and the
first flexible nenbrane form capacitor electrodes and the deflection of the
first flexible menbrane changes the capacitance which the associ ated
circuitry converts to the output signal. 319. A pressure sensor according
to claim318 wherein the menbrane is at |east partially forned froma netal
cerani ¢ matgyg al A pAdQure AeROEIGHFEnS BNGRIm 2ELAhHeidtht Vabdrabhiidd s Wherein the
conductive ceranlg Is a netal nitrrde.321. A pressure sensor according to
cl ai m 320 vihereidiatetiayorbanding ehieesby iatlayer @fla meiting poind meatenighinannlied & one

di itride..322, ' |.al ' h
remor ane. | <ot oF e dor PR R i ot ] deeid Sakt et b EREY (1

accordi By tRrMms HeWatérbotider ein the m xed netal nitrides are titanium
silicon nitride, tantalumsilicon nitride, vanadiumsilicon nitride,
titaniumalumniumsilicon nitride, or tantalumalumniumsilicon nitride.

324. A pre e gensor L nds:t 0. clias ' thMErdigyer
s aper fur e ko APTeNERERET AR Y SRR L o BRIGRIAG hit e S
conduct i ve diaygrnitridRor titnure aittide sensor according to claim 293 wherein the
wafer is a first wafer substrate with a front side and an opposi ng back
side, a recess etched into the front side and at | east one hole etched from
the ba Siﬁgfg to : ihB% S8R5 950 fMElfhe GRAMrhR 9 Girc@asHARA
waf er gll’if]) t he 'ac‘Ak‘tpgfsalgég?&?ﬁg@?%ﬁsl? wafer to seal h rI St one hol e;

the at | east one

diameter less than 500 microns.

289. A pressure sensor according to claim 288 wherein the membrane diameter is less

than 300 microns.

15
290. A pressure sensor according to claim 289 wherein the membrane diameter is 100
microns.
291. A pressure sensor according to claim 290 wherein the layers are different materials.
20

292. A pressure sensor according to claim 291 wherein the different materials are silicon

nitride and silicon dioxide.

293. A pressure sensor for sensing a fluid pressure, the pressure sensor
25  comprising:

a chamber partially deﬁﬁed b3'/ é flexible membrane, 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, and the chamber containing a fluid at a reference
pressure, such that the flexible membrane deflects from any pressure difference between

30 the reference pressure and the fluid pressure; and,
associated circuitry for converting deflection of the flexible membrane into an output

signal indicative of the fluid pressure.



wherein, the second wafer is wafer bonded to the first wafer substrate.
326. A pressure sensor according to claim325 wherein the wafer bonding is
di rect waverodwomaeisng whereby the contacting surfaces of pChatR2be48014a0d
second wafers are ultra clean, and activa®®d by naki ng them hydrophilic or
hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. 327. A pressure sensor according to clai m 293 wherein the
contacting surfaces are brou ht f.ogethe ure e r th
7000C. 328. Rpr oA SEFSEUTE SERSGF A0k Eﬁ?&"n a%%c’! ?ﬁe@ég I?P‘ ?‘heg‘ ey are
bondi ng i s vngdhcs heRdhode Eitr%h%fmr&wnétmecemwctl ng surfaces of the
first and secoﬂjﬂ ?‘rﬁ nge a large voltage applied across them 329. A
pressure sensor according to claim 328 wherein the wafer bonding is

i ntermedi at g | ayer bondln wher e er,of .l ow pel ti ,oin L al is
applied to 7&? ?\IHSTSHTGOSF f%@c‘&%ﬁ%ﬁg?l g‘n&&’?f”&]@é%n P ! :felg‘r s]tc ggﬁgtecond
waf ers g0 thigldeb i dddn&Eeaeides forns the wafer bond. 330. A pressure
sensor according to claim 329 wherein the low nelting point material is
silicon nitride or titaniumnitride. 331. A pressure sensor according to

cl ai m 293 ein the ran ¢ g%ﬁ{ A
m crons. 332.7A %‘?%SHF n% Oﬁsag?oram t6 férﬁz 1{% al mwi}wl1 \Aﬁern{lﬁ%lscteh @ rane
di anet er i sith@sm difase, Bﬁﬁlum gumnﬁumaﬁ&lde ’Anmlﬁﬁ silicen Airido titmiun raﬁlmrlgntm)

claim 332 wherein the nmenbrane di aneter is, 100 mcrons. 334. A pressure
sensor accotilsongitrisleciantafm slumipigpesiicandttidsyer s are different material s.

10

297. A pressure sensor according to claim 296 wherein one or more of the layers of the

laminate is metal.

298. A pressure sensor according to claim 297 wherein the metal is titanium, tantalum or

15  vanadium.

299. A pressure sensor according to claim 293 wherein, the chamber, the flexible
membrane and the associated circuitry are formed on a silicon wafer substrate using
lithographically masked etching and deposition techniques.

20
300. A pressure sensor according to claim 293 wherein the membrane is less than 0.1

grams.

301. A pressure sensor according to claim 293 wherein the pressure sensor is adapted to

25  sense the air pressure within a pneumatic tire.
302. A pressure sensor according to claim 293 wherein the membrane is non-planar. .

303. A pressure sensor according to claim 302 wherein the membrane is corrugated.
30
304. A pressure sensor according to claim 303 wherein, the membrane corrugations

have a period of between 5 microns and 15 microns.



335. A pressure sensor according to claim 334 wherein the different
materials are silicon nitride and silicon dioxide. 336. A pressure sensor
for sensiwgQ 2a06fd4e85d pressure, the pressure sensor conpriPESTAIR0G/0nBF1Qr
substrate with a recess; a flexible nenbt¥ne covering the recess to define
a chanber containing a fluid at a reference pressure, such that the

fl exi bl e menbrane deflects due to pressure differentials between the

reference pressure and the fl|uid.pressure;,,associ ' it _
converting %tOSe PTeSRe 7Bk ac[chglqu Q f?%fngzgr%e‘ﬂ%?rglﬂ g{hl% n egﬁ]%r%%o% ts%%%t%‘uagﬁm
i ndi cative ftufahgnd iHdicHrRE RN R andtilds.an apertured guard over the nenbrane
formed using lithographically masked etching and deposition techni ques.

337. A pressure sensor according to claim 336 wherein the flexible nenbrane
is alamn hayi ng at | eas yer. r £r , RAskLion of

di fferent %’@g al QQF‘%F}FS g?nsglé%?&r%ﬁ% %scgéﬁej@eﬁ%?lkég%@gfgﬁggt o cl aai m 337
wher ei nst heupataiallgQgasreshapderaseisadtional proflks or mi xed netal nitrides. 339.
A pressure sensor according to claim 337 wherein the netal ceram cs are
titaniumnitride, titaniumalumniumnitride, tantalumsilicon nitride,
titani um ali ni Lol SR 1aih P30l MRl tHET B WD Bk gen nitride.
340. A pres3lsbz1're ’Ag?ﬁeé%‘%ﬂegé}%gg%%c%&?%mc Ezlall m 339 wherein olne or %Dre of the

| ayers of thenbant hat £cirsugatibmlbactad4f8. A pressure sensor according to claim
340 wherein the netal is titanium tantalumor vanadium 342. A pressure
sensor according to claim 336 wherein, the chanber, the flexible nenbrane

and thegasspgl at gd &l UbAoY aofifd to JIAMRS WherBinShé 56R86r M la@ineaRsidnaé €

usi ng

up to about 1MPa.

309. A pressure sensor according to claim 293 wherein the sensor is powered by a long-

life battery.
15
310. A pressure sensor according to claim 293 wherein the sensor is powered by radio

waves transmitted from a remote source.

311. A pressure sensor according to claim 293 wherein the sensor is a capacitative
20  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,
Jht deflection of the flexible membrane changes the capacitance which the associated
25  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.

30 312. A pressure sensor according to claim 311 further comprising a passivation layer at

least partially deposited over the conductive layer.



l'it hographically masked etching and deposition techniques. 343. A pressure
sensor according to claim 336 wherein the nenbrane is less than 0.1 grans.
344. A preesusw4sssnsor according to claim 336 wherein treTpRSEHI0EII3ENSOr
is adapted to sense the air pressure witHi’n a pneumatic tire. 345. A
pressure sensor according to claim 336 wherein the nenbrane is non-pl anar.
346. A pressure sensor according to claim345 wherein the nenbrane is

corrugat ed. 347. A pressure sensor accor.di | ai m 346 '
menbrane corPugdt PEHEIH é?f’éoraacﬁ@?di’r&ito%‘far"@e{l i%eft&ﬁh%r ‘?Wal I(‘RIm B %\ngfq%ﬁ%e% ? g ns.
348. A pre: @%&@&@@%ﬁ@%@&ﬂkﬁ%hﬁ}e&&ﬁ!tﬁé&ﬁﬁtrmerei n, the menbrane is

substanti a ~circular and the corfugations are annular. 349. A pressure
sensor according to claim 345 wherein the corrugations have a substantially

squar e- sha - ti I fil .350. i
clai m 340 A o horABTF PeRpbreSEihs gl AP ERSRAE-ERRET oBRPRRMIE O
of 8. 331. oL @gsKre sensor according to claim350 wherein the sensor has

a linear res onse up to about |MPa. 352. A pressure sensor according to
cl aim 336 wherein the sensor is powered by a longlife battery. 353. A

pressure sensor according to claj.m 336 . in th .
radio yvaves3q r arf$ RTETEE S‘?‘PBH‘%?"%%Wﬁ@%ﬁ@?% %‘fgﬁﬁhig%?@étslteflg%s}ﬁg%gtﬁ%
accordi ng_ tsp Gl R30 tehaERbiant heitsameaEctbs s@tecapaci tati ve sensor havi ng:

a conductive layer deposited in the chanber to forma first capacitor
el ectrode; and,

10 316. A pressure sensor according to claim 293 further comprising an apertured guard
over the membrane formed using lithographically masked etching and deposition

techniques.

317. A pressure sensor according to claim 293 further comprising a second chamber
15  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.

20
318. A pressure sensor according to claim 317 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,

- 25 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.

319. A pressure sensor according to claim 318 wherein the membrane is at least partially

30 formed from a metal ceramic material.

320. A pressure sensor according to claim 319 wherein the conductive ceramic is a

metal nitride.



the flexible nmenbrane is conductive in order to forma second capacitor

el ectrode; such that, deflection of the flexible nenbrane changes the
capaci t anwe 2#v/@b3sthe associ at ed circuitrg converts to trhe/Aanv@umidgdgnal ;
wherein, the conductive layer is arranged0&uch that deflection of the
menbrane towards the conductive |layer can displace the fluid from between
t he nmenbrane and the conductive | ayer.355. A pressure sensor according to
claim 354 further conprising a passivation |ayer at |east partially
deposited over the conductive |ayer. 356. A pressure sensor according to

clai m 355 fagft hep pp@Rkisshddd adeordibbtd axied 320 WRORBOhE eleneRind I8 €itAAnf uatiiye
| ayer and the substrate. 357. A pressure sensor according to claim 356

wher ei n t hetaniahisn aivads, yangshuoitideel y 0. 5nm thi ck. 358. A pressure sensor
according to claim354 wherein the conductive layer is |less than 50 m crons
fromthe nmenbrane in its undeflected state. 359. A pressure sensor

accordi ry t3x| ahpreidtrewbsoe atcordiag &pelbinu Eiwlei@intthe snentrams is dt dorafed from
different | ayers. 36Q. A pressure sensor according to claim336 further
conpri si ng mixedanitel iEd§ber with a second nenbrane, the second chanber
being sealed fromthe fluid pressure and the second nenbrane defl ecting
froma predeterm ned pressure difference in the second chanber; wherein,

t he associ a328d cAmeesstireysensonuerording hecldief 322 twvhereimthe hiredmewhditridastarane

into an adj yustnent_ of the output sjignal,to conpensate for .the tenperature
of the sens%@@“@hﬁhqnﬂnHF@s &@Hgé 8?n@@%bWﬁ&ﬁﬂnPéh@PEPHFé%gﬁﬂﬂ ein the
Sensor 1 a,6ARAGhAdoY Sitride, or tantalum aluminium silicon nitride.

324. A pressure sensor according to claim 293 wherein the conductive layer is apertured

to allow the fluid to flow from between the membrane and the conductive layer.

15 325. A pressure sensor according to claim 293 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;
20  wherein,

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

326. A pressure sensor according to claim 325 wherein the wafer bonding is direct wafer
bonding whereby the contacting surfaces of the first and second wafers are ultra clean, and

25  activated by making them hydrophilic or hydrophobic prior to bonding, and then brought
into contact at high temperature.

327. A pressure sensor according to claim 293 wherein the contacting surfaces are
brought together at a temperature greater than 700°C.
30



sensor, with a conductive |ayer deposited in each of the first and second
chanbers and the first and second fl exi bl e nmenbranes are conductive; such

t hat, thewoaneuatisve | ayer in the first chanber and t hePCirraatoddooxiibl e
menbr ane form capacitor el ectrodes and th89defl ection of the first flexible
menbr ane changes the capacitance which the associated circuitry converts to
the output signal. 362. A pressure sensor according to claim361 wherein

the menbrang, is at | east partially forned oma.netal ceram.c . .
mteri ol 2028 BreSiRbeRln aedrdite kUG 1 VB Ei Bty GFARfe i apodic
conducti ve g&iiafB Fdr$ wherdBY He d@iniafcliﬂ% surdfAs ofthB TR AUl SedvRll SRIfers GERS gliafgk t O
claim 363 wherein the nenbrane is titfaniumnitride, tantalumnitri de,

vanadi um ni valiage apid®g acmspthessur e sensor according to clai m 362 wherein the
menbrane is be forned fromm xed netal nitrides. 366. A pressure sensor
according to claim 365 wherein the mxed netal nitrides are titani um

si l'i con i t3dode, Atpadikakyehsdi héwadingid clhie 328 whadintie svaférdondinigtis | de,
titaniumalumniumsilicon nitride, or tantal um alum nium sili con,eai tride.

367. A presigrmedigiedarer doadinamhgraby adpysrof Sy meHEEitRE R ARl do PR er
|'s apertureg @ a@ggoﬁtg\&b@ S Lo th Okt m&@aﬂ@%g Q)fthl L reQdd he

conductive Tayer. essure sensor according to clarm erein the
waf er is a formsthewedferbaidbstrate with a front side and an opposi ng back
side, a recess etched into the front side and at | east one hole etched from
the back side to the recess; and the sensor further conprising: a second

waf er ofy t hespack 3idereQbndolGedordinh to@hRE 33O whERIn the SovRndlERSpoiA1BatBRAISs

wher ei n,
silicon nitride or titanium nitride.

331. A pressure sensor according to claim 293 wherein the membrane is circular with a
diameter less than 500 microns.

15
332. A pressure sensor according to claim 331 wherein the membrane diameter is less

than 300 microns.

333. A pressure sensor according to claim 332 wherein the membrane diameter is 100

20  microns.
334. A pressure sensor according to claim 333 wherein the layers are different materials.

335. A pressure sensor according to claim 334 wherein the different materials are silicon

25  nitride and silicon dioxide.

336. 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 at a
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,



t he second wafer is wafer bonded to the first wafer substrate. 369. A
pressure sensor according to claim 368 wherein the wafer bonding is direct
waf er borwlorgosdaesseby t he contacting surfaces of the fi Pst/Aanddgocand
wafers are ultra clean, and activated bylbki ng them hydrophilic or

hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. 370. A pressure sensor according to claim336 wherei n the

contacting surfaces are br ought ether at. a tem tur at er

7000C. 371 . A praé’s%ﬂ‘}Ftéf ’girovgﬁ qH?fH @B%Whﬁﬁrgg ?’W%?Péﬁ???% Eﬂaé fer

bonding is &H‘BH ‘gglsﬁgn@)é eyyher eby the contacting surfaces of the

first and secon rs have a arge vol tage applied across them 372. A

pressure sensor accordl ng to claim 371 wherein the wafer bonding is

i nt er medi at ayer_bondi ng where l.ayer, of . | ow mel.t i ' rial is
applied to dtle OSPBWWGSF ﬁ%""&aﬁ%{%@{ flﬁ‘én g%ﬁ?"g%rggl th ﬂteﬁf%g:fl?lrg@p }aél% %econd
wafers sp tﬁﬁﬁnéﬂ@ﬁévi@ﬁ 18458 660 [a§ erfs Fbed! f6in I8 @pobieiotl of 3ifrenA npptalTstantics.
sensor according to claim 372 erein the low nelting point material is

silicon nitride or titaniumnitride. 374. A pressure sensor according to

| ai
crarm 336 %T%re sure smﬁgc?f%%ceram t5 %rﬁ%?‘é‘\%l‘{%al mﬂ@ga\%ﬁ%eglglﬁ%% {]mgtapoo

m Crons. ure sensor e nenbrane

di anet er Ismlnﬁsesot-hﬁfbﬁﬁ&ammm,s. 376 A pressure sensor according to
claim 375 wherein the nmenbrane dianeter is 100 mcrons. 377. A pressure
sensor according to claim359 wherein the layers are different materi al s.

?T;tser ;A‘a A e:?ég gl | e@l%gguréa&ﬁ%rdic@&d}& 165 1cBlif 337 4 MAGh Bl bt LcFhrhic8 BRMitanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, or tantalum aluminium silicon nitride.

340. A pressure sensor according to claim 339 wherein one or more of the layers of the

15 laminate is metal.

341. A pressure sensor according to claim 340 wherein the metal is titanium, tantalum or

vanadium.
20 342. A pressure sensor according to claim 336 wherein, the chamber, the flexible
membrane and the associated circuitry are all formed on a silicon wafer substrate using

lithographically masked etching and deposition techniques.

343. A pressure sensor according to claim 336 wherein the membrane is less than 0.1

25  grams.

344. A pressure sensor according to claim 336 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.
30 345. A pressure sensor according to claim 336 wherein the membrane is non-planar.

346. A pressure sensor according to claim 345 wherein the membrane is corrugated.



nitride and silicon dioxide. 379. A nethod of fabricating pressure sensor
for sensing a fluid pressure, the nethod of fabrication conprising:

sequent i avoevadi4ezy7and deposition of material on a waf ePCIwirbe4anesbo form
a chanber at |east partially defined by alil exi bl e nenbrane; such that,
during use the chanber contains a fluid at a reference pressure and the

fl exi bl e menbrane deflects froma pressure difference between the reference

pressure an he fluid pressure; depositin ssociated ciycuitry for
converting f e dRMIEEVICSASY a?‘%‘?é‘ﬂpg &?lﬁﬁ%gﬁéﬁﬁflﬁﬁb erﬁlﬁméIﬁnSﬁ? a%é’fl@nal
i ndicative ﬁljvetag%ﬁt)hlélfgeﬂafeﬁg%i@ﬁongaﬁid 15gR&@ehs.i ng an apertured guard over
the nmenbrane. 380. A nethod according to claim 379 wherein the apertured

guard is deposited as layers of different materials to forma | am nate.

381. A neth according to claim.38 er el he.differe terial re
silicon ni t?zﬂgde érpﬁesss i SEHRT 8?08%&18%?0 érg]?.l E%QB’&IS]?%F elggﬁgéapg?sosﬁl%%%%@a}l g a
fluid presssr&iartang thy horR QRS &ut@NPri sing: a chanber partially defined
by a flexible nenbrane, the chanber containing a fluid at a reference

pressure, such that the flexible nmenbrane deflects due to pressure

differentialg b f ' gl th
monbrane. bet Ry o eau SaFT PEOFgSE s HERT HIENR S bt Al BRI ©, 11

conductive hib¢entiafy fjuaretdhapahaosesectqat pebffie.om t he 1 exi bl e menbrane such
that they form opposing el ectrodes of a capacitor; and, associated
circuitry for converting the deflection of the flexible nenbrane into an

10  350. A pressure sensor according to claim 349 wherein the flexible corrugated

membrane has a corrugation factor of 8.

351. A pressure sensor according to claim 350 wherein the sensor has a linear response
up to about 1MPa.

15
352. A pressure sensor according to claim 336 wherein the sensor is powered by a long-

life battery.

353. A pressure sensor according to claim 336 wherein the sensor is powered by radio

20  waves transmitted from a remote source.

354. A pressure sensor according to claim 336 wherein the sensor is a capacitative
sensor having:
a conductive layer deposited in the chamber to form a first capacitor electrode; and,
25 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; wherein,
the conductive layer is arranged such that deflection of the membrane towards the
30 conductive layer can displace the fluid from between the membrane and the conductive

layer.



out put signal indicative of the fluid pressure; wherein, the conductive

| ayer is less than 50 mcrons fromthe nenbrane in its undeflected state.
383 . . Avpnesaders7sensor according to clai m 382 wherei RCrhazbdsewidibe
menbrane is a |l aninate having at |east tud2l ayers forned fromthe
deposition of different netal ceram cs. 384. A pressure sensor according to
claim 383 wherein the netal ceramcs are netal nitrides or m xed netal
nitrides. 3 A pressure sensor .accordjn | ai m 383 wherein the netal
ceramcs ar gﬁ-i t AFrERSTSeRsog accordipg i ﬁlm%gé%%ﬂﬁl?ﬁf’?ﬁ’??lﬂ%?PP%‘P&PB%@F i con
nitride, tif.a8i0dMaAkWebolikdoséd the OshduktiVd BGer.Or tantal um al um nium silicon
nitride.386. A presSure sensor according to claim385 wherein one or nore
of the layers of the laminate is nmetal. 387. A pressure sensor according to

cl ai m 386 ein the netal is ti.tani al.um or vanadi 88. A
b essure sentor AdEORHORICS TrsHE SR ar e REneEReA (VORI exi b1 o
menbrapeg, tHi@p&@@ﬁ&@&eleﬂﬁld@h&ﬁct@@daﬁebﬁn&&&%bﬁia@@! circurtry are all forned
on a silicon wafer substrate using 1ithographically msked etching and

deposition techniques. 389. A pressure sensor according to claim 382

wher ei n the3§73 nbA - sI ffs%%a& ng‘tc;l‘clgfn?ggé W%%I%'in ﬁie% i EisSBhRYimatel
e~p s adap ed

according to ¢l al erein ressure sensor | Sense t he
air pressur@smnithicR. a pneumatic tire. 391 . A pressure sensor according to
cl ai m 382 wherein the nmenbrane is non-planar. 392. A pressure sensor

according to claim 391 wherein the nenbrane is corrugated. 393. A pressure

Sensor gecos Qg N gAtp?es%{n%i sg}ls%% %cc\:M&%Bg "u;1 clafnq S SEer%p%e%gﬁé&éggé Ea%is is less than

50 microns from the membrane in its undeflected state.

359. A pressure sensor according to claim 336 wherein the apertured guard is a laminate
of different layers.

15
360. A pressure sensor according to claim 336 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,

20 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.

361. A pressure sensor according to claim 360 wherein the sensor is a capacitative
sensor, with a conductive layer-deposited in each of the first and second chambers and the

25  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.
30

362. A pressure sensor according to claim 361 wherein the membrane is at least partially

formed from a metal ceramic material.



have a period of between 5 mcrons and 15 mcrons. 394. A pressure sensor
according to claim382 wherein, the nenbrane is substantially circular and
t he corrwyetnens2zre annul ar. 395. A pressure sensor acecmaugodtooi4abai m 391
wherein the corrugations have a substantildfly square-shaped cross-secti onal
profile. 396. A pressure sensor according to claim395 wherein the flexible
corrugat ed nenbrane has a corrugation factor of 8.397. A pressure sensor

according tp claim396 wherein the sensor s,a lipear response up. to about
e 308, | 56 cARPa AT R DRa g e B RhfrenBe et RN PRt Tage, 1 o
power ed by gela0Rmtidd e battery. 399. A pressure sensor according to claim

382 wherein the sensor is powered by radio waves transmtted froma renote
source. 400. A pressure sensor according to claim 382 wherein the

conce e, WA o e R R A S AR A PGS

t he conduct fauldmynifide,4QdadiuA nitiidésur e sensor according to clai m 400
further conprising a passivation |layer at |east partially deposited over
t he conductive | ayer. 402. A pressure sensor according to claim401 further

conpri sing W /iJrgs\réﬁfe LhR9E&HaiRE L VEEM §@2§wﬁ8{% afe%’(%ﬂg%\/ﬁi@ b@.’?&’nﬁe{%&iﬁom

substrate. essure sensor-according to ¢ ereint

menbr ane i smigpdrmetalnmtrzley. 0. 5rm t hi ck. 404. A pressure sensor according to
cl ai m 400 wherein the conductive layer is less than 30 mcrons fromthe
menbrane in its undefl ected state.

10 366. A pressure sensor according to claim 365 wherein the mixed metal nitrides are
titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride, titanium

aluminium silicon nitride, or tantalum aluminium silicon nitride.

367. A pressure sensor according to claim 336 wherein the conductive layer is apertured

15  to allow the fluid to flow from between the membrane and the conductive layer.

368. A pressure sensor according to claim 336 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

20  comprising:

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.

25  369. A pressure sensor according to claim 368 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 hydrophobié prior to bonding, and then brought
into contact at high temperature.

30 370. A pressure sensor according to claim 336 wherein the contacting surfaces are

brought together at a temperature greater than 700°C.



oo 405. A pressure sensor according to claim382 wherein the apertured
guard is a lamnate of different |ayers. 406. A pressure sensor according
to cl ai mweB20daumtiser conpri sing a second chanber w th arPsexand4memipane,

t he second chanber being sealed fromthelflhuid pressure and the second
menbrane deflecting froma predeterm ned pressure difference in the second
chanber; wherein,the associated circuitry converts the deflection of the

second menbgane into an adjustnent of the t put .signal .to c ensate for
the temperat (e SPrpaRsERydAccorme MefsrE gt o Vit BobRRE RO A m
406 wher ei Np¢hEnSERQ8 WHRMIRRE chfctiRg SRFARE of HRAUSH dndQctNBhafbR Hads MAge
capacitative sensor; such fhat, the associated circuitry uses the change in

capaci t ancevéltagmapelid¢deasréssithesf. t he second fl exi bl e nenbrane, to calibrate
the output signal. 408. A pressure sensor according to claim407 wherein
the second nenbrane is at |least partially formed froma nmetal ceramc

materials 49%. AARreSEH RnSAEHSITdMEEO EHIMg 71 whete thedbderbuaiaigist he
conductive ceramic is a netal nitride. 410. A pressure sensor according to

cl ai m 409 wineraiediatelayerdnndingavhesehy & lanernhlow meldes peighmaletial in epplicddo oae
vanadi um ni i , . rdi i in

! he Tonr ang! St pp fhehniCiRE SHACEORRERRS oRF SOl VALES SOl Rk oGk 0
accordi ng t forekdiewdtdbodkrein the m xed netal nitride is selected from
titaniumsilicon nitride, tantalumsilicon nitride, vanadiumsilicon
nitride, titaniumalumniumsilicon nitride, or tantalum alum niumsilicon

nitrideyy 373 A pressure sensor according to claim 372 wherein the low melting point material is

silicon nitride or titanium nitride.

374. A pressure sensor according to claim 336 wherein the membrane is circular with a
diameter less than 500 microns.

15
375. A pressure sensor according to claim 374 wherein the membrane diameter is less

than 300 microns.

376. A pressure sensor according to claim 375 wherein the membrane diameter is 100

20  microns.
377. A pressure sensor according to claim 359 wherein the layers are different materials.

378. A pressure sensor according to claim 377 wherein the different mateﬁals are silicon

25  nitride and silicon dioxide.

379. A method of fabricating pressure sensor for sensing a fluid pressure, the method of
fabrication comprising:

sequential etching and deposition of material on a wafer substrate to form a
30  chamber at least partially defined by a flexible membrane; such that,
during use the chamber contains a fluid at a reference pressure and the flexible
membrane deflects from a pressure difference between the reference pressure and the fluid

pressure;



413. A pressure sensor according to claim 382 wherein the conductive |ayer
is apertured to allowthe fluid to flow from between the nenbrane and the
conduct i WeOI2086814235414. A pressure sensor accordi ng to clarm28@&/oshapei n t he
wafer is a first wafer substrate with a flldnt side and an opposi ng back
side, a recess etched into the front side and at | east one hole etched from
the back side to the recess; and the sensor further conprising:a second
waf er on the bacg side of the first g%fer to.se

s

| ,the at |.eas e hol e;
wherein, the sec ‘?Hﬂ’s\ﬂﬁgéfsoic%atwl Hé?flvtelﬁtl gﬁgefif’&%ctho fﬁ?e Whsfrate.
415. A presgir®:-327%0han duGRE Yighfl ih@cstwl Mk fuivheesin; ke waf er bonding is
di rect wafer bondi ng whereby the contacting surfaces of the first and

second waf ers ar éepgsiting aolapentyred gdard oventhe aggnthyaneaki ng t hem hydr ophilic or
hydr ophobi ¢ prior to bonding, and then brought into contact at high
tenperature. 416. A pressure sensor according to claim 382 wherein the

contacting sgu.f anafetBsEadtotdiffio dQ@ES TEWhatindhé epRtirel V\%ﬁ&d & dpbeitedidan
7000C. 417. A pressure sensor according to claim416 erein, the wafer

bondi ng is kewiof diftement mepterialetosforparlaBipatehe cont acting surfaces of the
first and second wafers have a | arge voltage applied across them 418. A
pressure sensor according to claim417 wherein the wafer bonding is
i nt er medi at 881.ay armébed hdgrdibg tedlying3$ywhereinf the differeittmaierigioanetsilieh aitride i s
applied to one or both of the contacting surfaces of the first and second
waf ers so tﬁ&%ﬁh@%kéﬁﬁéapressure forms the wafer bond. 419. A pressure
sensor gecording to claim418 wherein the low nmelting point material is
silicon nitride or titaniumnitride.

382. 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
15  differentials between the reference pressure and the fluid pressure, the membrane being at
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
20  output signal indicative of the fluid pressure; wherein,
the conductive layer is less than 50 microns from the membrane in its undeflected

state.

383.. A pressure sensor according to claim 382 wherein the flexible membrane is a

25  laminate having at least two layers formed from the deposition of different metal ceramics.

384. A pressure sensor according to claim 383 wherein the metal ceramics are metal

nitrides or mixed metal nitrides.

30 385. A pressure sensor according to claim 383 wherein the metal ceramics are titanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, or tantalum aluminium silicon nitride.



420. A pressure sensor according to claim 382 wherein the nenbrane is
circular with a dianmeter | ess than 500 mcrons. 421 . A pressure sensor
accor di ngvoaoeae3sr420 wherei n t he nmenbrane di anet er i sPCEsg 206320014300

m crons. 422. A pressure sensor accordindléo claim421 wherein the menbrane
dianeter is 100 mcrons. 423. A pressure sensor according to claim405
wherein the |ayers are different materials.424. A pressure sensor according
to claim42 erein the different materi re.silicon m

571§ con i oX8e. AgpessuIk sphos atEt g IR R g SBRGIT R TaRoR g sy BE thene
pressure sepRsfhats NELSI ng: a chanber partially defined by a flexible

menbr ane, the chanber containing a fluid at a reference pressure, such that
the flexible menbrane defl ects fromany pressure difference between the
reference p sure and the fluid rane .he

bar 1 ally o edAmremreraas s R TE e 256 VeRl B dan a6 ARl By
convertifng {hadegfl ection of the flexible nmenbrane into an output si gna

i ndicative of the fluid pressure; wherein, the flexible nenbrane is |ess
than 3 microns thick. 426. A pressure sensor according to claim425 wherein

Lhe tenasit 8P Sk b ATLORS: DW:AS I plsaR mt WRaBY RS BRI T rom

t he deposition of ere et a ram ressure’ sensor

accor di ng t mefibaing) the @Goxhrfieé mythsdhe aisoelefearﬁreﬁlt@ra@e afe faediohra silénor

m xed netal nitrides. 428. A pressure s or accorgrng to claim 426 wherein
the netal cafa’éﬁﬁﬁwtrareélsmgﬂamw@fﬁﬁlwIa Pftcawrg@ﬁd ERAMANSTIIqYSs de,

tantalumsrlrcon nitride, titani um al um niumsilicon

389. A pressure sensor according to claim 382 wherein the membrane is less than 0.1

grams.

390. A pressure sensor according to claim 382 wherein the pressure sensor is adapted to

15  sense the air pressure within a pneumatic tire.
391. A pressure sensor according to claim 382 wherein the membrane is non-planar.

392. A pressure sensor according to claim 391 wherein the membrane is corrugated.
20
393. A pressure sensor according to claim 392 wherein, the membrane corrugations

have a period of between 5 microns and 15 microns.

394. A pressure sensor according to claim 382 wherein, the membrane is substantially

25  circular and the corrugations are annular.

395. A pressure sensor according to claim 391 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

30 396. A pressure sensor according to claim 395 wherein the flexible corrugated

membrane has a corrugation factor of 8.



nitride, or tantalumalumniumsilicon nitride. 429. A pressure sensor
according to claim428 wherein one or nore of the layers of the lamnate is
metal . 4300 200quexsgur e sensor according to cl ai m429 wheceiavvdh@onabal i s
titanium tantalumor vanadium 431. A prié%sure sensor according to claim
425 wherein the chanber, the flexible nenbrane, and the associ ated
circuitry are all fornmed on a silicon wafer substrate using

| i thographically masked etchin nd deposifion techni ques, 432, A pressure
sensor accotdr ngAPECSSYISi SRS BCCRELRS F%CI?‘I%gééWE‘SFGHf thege 8{)9%51 & ‘AR9eY E°5B e Sor
having: a dugblvavpayer deposited in the chanber to forma first
capacitor el'ectrode; and, the flexible nenbrane is conductive in order to
forma second capacitor el ectrode; such that, deflection of the flexible

menbr ane ch es,the capacitance,which th ssociated circuitr onverts to
The out put Aonaf PRONGEBETCL OTUBRI R 45T P8R Leariah Ghealef oY h e
def | ection pf vafigymenmbrane towards the conductive |ayer can displace the

fluid from between the nenbrane and the conductive |ayer. 433. A pressure
sensor according to claim425 wherein the pressure sensor is adapted to

sense the ajd, pressure within a pne ic.bAre. 434 A pressur nsar
accordi ng ?éod 9CI al 225 R e e r i ot ﬁgg k‘lfgﬁ%%%éi ?Nglerne (ljnnélﬁ IS?%SQF % % g‘@ ?‘edZ&brfagéos ure

Sensor accowaidlgrahsmilediFond 3 deibiecirdet he menbrane is corrugated. 436. A
pressure sensor according to claim435 wherein, the nenbrane corrugations

have a period of between 5 mcrons and 15 m crons.
10 400. A pressure sensor according to claim 382 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.

401. A pressure sensor according to claim 400 further comprising a passivation layer at

15  least partially deposited over the conductive layer.

402. A pressure sensor according to claim 401 further comprising a CMOS layer

disposed between the conductive layer and the substrate.

20 403. A pressure sensor according to claim 402 wherein the membrane is approximately

0.5um thick.

404. A pressure sensor according to claim 400 wherein the conductive layer is less than
30 microns from the membrane in its undeflected state.

25
405. A pressure sensor according to claim 382 wherein the apertured guard is a laminate

of different layers.

406. A pressure sensor according to claim 382 further comprising a second chamber
30  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,



437. A pressure sensor according to claim425 wherein, the nenbrane is
substantially circular and the corrugations are annular. . . - , 438. A
pressur e woensavo4asscor di ng to claim 434 wherein the corregatAwns/doave a
substantial |y square-shaped cross-sectiodaf profile. 439. A pressure sensor
according to claim438 wherein the flexible corrugated nenbrane has a
corrugation factor of 8. 440. A pressure sensor according to claim439

wherein the sensgr has. i.near response up to ahbout | MPa.441 . A pressure
sensor accor di ngtedRain GBS PR B e BesiBart Y sssefmiohyns BBl 1 o
battery. 44ZdjufnRhESSHE ButhBNESal ﬁﬁé‘c@ﬁﬁn@eﬁe & thé BinPeftireWIeieensdrhe sensor
is powered by radio waves transmtted froma renote source. 443. A pressure

sensor according to claim432 wherein the conductive |ayer is arranged such

that defl echgon ofp, LI b 00, RURY doicd NS GRBANEHNE. L XL 68, JSel A

the fluid from between ran he” conductive layer.

pressur & segs@iceciayeh to goriDa Cipacitatid4 Iehdor;tsnel thagnpri sing a passivation
| ayer at |east partially deposited over the conductive |ayer. 445. A
pressure sensor according to claim 444 further conprising a CMOS | ayer

di sposed bet vieen;lhe. RGNS, LY fle Aithd NEaSHAShERHGm dfiGerioR RS SUT €

sensor according to claim erelnt ane I's approximately 0.5mm
t hi ck. 447. sebopd 8ssibleamaahiane, tacadrate tige dwdpwtisignal. 443 wherei n t he conducti ve
| ayer is less than 50 microns fromthe nenbrane in its undeflected state.

10 408. A pressure sensor according to claim 407 wherein the second membrane is at least

partially formed from a metal ceramic material.

409. A pressure sensor according to claim 408 wherein the conductive ceramic is a
metal nitride.

15
410. A pressure sensor according to claim 409 wherein the membrane is titanium nitride,

tantalum nitride, or vanadium nitride.

411. A pressure sensor according to claim 408 wherein the membrane is formed from a

20  mixed metal nitride.

412. A pressure sensor according to claim 411 wherein the mixed metal nitride is
selected from titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride,
titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.

25
413. A pressure sensor according to claim 382 wherein the conductive layer is apertured

to allow the fluid to flow from between the membrane and the conductive layer.

414. A pressure sensor according to claim 388 wherein the wafer is a first wafer
30  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;:



448. A pressure sensor according to claim425 wherein the apertured guard
is alamnate of different |ayers. 449. A pressure sensor according to

cl ai m 425vbunadnae3sconpri sing a second chanber with a seeomAuremimoane, the
second chanber being sealed fromthe fluild9pressure and the second nenbrane
deflecting froma predeterm ned pressure difference in the second chanber;
wherein, the associated circuitry converts the deflection of the second

menbrane into an adjustnment o he ayt ignal. to c ensate far .the
Femperatur o of -t AacsER et asthe ki S4e Bhbe Befdairetsd oSl B TR wtedioliags
wherein theyggead chanber has a second conductive layer to forma
capacitative sensor; such that, the associated circuitry uses the change in
capaci t ance fr onthtettast walsr sfwafhebandedtrothe fiestivifer substateine, to calibrate
the output signal. 451. A pressure sensor according to claim450 wherein
the second nenbrane is at |least partially formed froma nmetal ceramc

materials 43P5. AADSresaY ®nS@NREGrdaRac CRif g 14 evietdh Mekbdferbaid@igis diiect wafer
conductive ceramic is a netal nitride. 453. A pressure sensor according to

cl ai m 452 wherdingwherebpihagortasting serfacanpiithe dirstiand second veaders aieilirs clgan, agd

vanadi um ni { Lj ) L . i: in.the
ooy a6 AR A BURATHY FoBRIS O n ORI diio g BbAiMRL dnd e Gudhe
accor di ng t intebanitmot4blighhenpératukdie m xed netal nitride is selected from
titaniumsilicon nitride, tantalumsilicon nitride, vanadiumsilicon

nitride, titaniumalumniumsilicon nitride, or tantalum alum niumsilicon

nitrideyg456;s A Rrﬁ'é%méaseﬁ?(gfjﬂf:oxﬁﬁfgq{) dHafld 388 wHeALIMIARNMIEA SR B are

conductive layer 1's apertur
brought together at a temperature greater than 700°C.

417. A pressure sensor according to claim 416 wherein, the wafer bonding is anodic
bonding offers whereby the contacting surfaces of the first and second wafers have a large

15  voltage applied across them.

418. A pressure sensor according to claim 417 wherein 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

20  forms the wafer bond.

419. A pressure sensor according to claim 418 wherein the low melting point material is

silicon nitride or titanium nitride.

.25  420. A pressure sensor according to claim 382 wherein the membrane is circular with a

diameter less than 500 microns.

421. A pressure sensor according to claim 420 wherein the membrane diameter is less
than 300 microns.

30
422. A pressure sensor according to claim 421 wherein the membrane diameter is 100

microns.

423. A pressure sensor according to claim 405 wherein the layers are different materials.



to allowthe fluid to fl ow from between the nenbrane and the conductive

| ayer. 457. A pressure sensor according to claim43 1 wherein the wafer is
a first wabenosdbsstrate with a front side and an opposi RgTharkosmioday a
recess etched into the front side and at IReast one hole etched 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 hole; wherein,
the second wafer is wafer bonded to the first wafer substrate.458. A
pressure sensor according to claim457 wherein the wafer bonding is direct

vaf er bondi agy WwhareBiutd@n&Rabailingo ldivh a0 Shefeid e différeht ANEriSI8 R licon
wafers are ultra clean, and activated by maki ng them hydrophilic or

hydr ophobi cnjtridesndtsilideartieoxids. and t hen brought into contact at high
tenperature. 459. A pressure sensor according to claim425 wherein the
contactipng surfaces are brought together at a tenperature greater than
7000C. 460. A pressure sensor according to claim459 wherein the wafer
bondi ng i s anodi 62%onéimsssaiferS@flgor\ﬁme@ﬁpgﬁﬂéufﬁarﬁﬁ%%i%p@ﬁﬁurea%e@éorof t he
first and sg&ﬂﬁgﬁm%fers have a | arge voltage applied across them 461. A
pressure sensor actording to claim460 wherein the wafer bonding is

i nt er medi at e | ayerchdonaipagialiiyelefihsd oy 4 Syableaherhoranergh¢ clregnbmo contaimatges flaild | s
applied to one

r both of the, contacting surfaces t first and second
Mafers so 't REA RSt eao et Bt o D B et dsdieets HRea S RPIsrace ur o
sensor ¢ Copgfdihct Betwledh MARkrihe ?‘f"és@ur% Bed HRWIE bidsfige RRE MenfRARS Betlg 4tS
silicon nitride or titaniumnitride. 463 . A pressure sensor according to
cl ai m 425 wheestgiartiallydomegrbiremeonductive oateaialwindh a
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.
15
426. A pressure sensor according to claim 425 wherein the flexible membrane is a

laminate having at least two layers formed from the deposition of different metal ceramics.

427. A pressure sensor according to claim 426 wherein the metal ceramics are metal

20 nitrides or mixed metal nitrides.

428. A pressure sensor according to claim 426 wherein the metal ceramics are titanium
nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon
nitride, or tantalum aluminium silicon nitride.
25 o
 429. A pressure sensor according to claim 428 wherein one or more of the layers of the

laminate is metal.

430. A pressure sensor according to claim 429 wherein the metal is titanium, tantalum or

30 vanadium.

431. A pressure sensor according to claim 425 wherein the chamber, the flexible
membrane, and the associated circuitry are all formed on a silicon wafer substrate using

lithographically masked etching and deposition techniques.



di anmeter less than 500 m crons. 464. A pressure sensor according to claim
463 wherein the nenbrane dianeter is |l ess than 300 mcrons. 465. A pressure
sensor acwonrdiang23se cl ai m 464 wherein the nmenbrane di aneCerAti28041000¢11 cr ons.
466. A pressure sensor according to clai A2448 wherein the |l ayers are
different materials. 467. A pressure sensor according to claim466 wherein
the different materials are silicon nitride and silicon dioxide.468. A
pressure sensor for sensing a fluid pressure, the pressure sensor
conprising: a chanber partially defined by a flexible nmenbrane, the chanber

contai ni ng g4 | uhd,akyd seﬂogia Be@nRESAH 825 SHERIH tRakeddBeistd @phbilagivaendr ane

defl ects from any "pressure erence between the reference pressure and
the fluid pseassiragingt he nenbrane being at |least partially formed from

conductive material; and, asspciated gircuitry for converting the i
Gof L oction of ¢ nboriduRive laSfeapsiied n fite %&W%S%?Jﬁ‘?“ & P EPDIGHET ESEorls: 10t he
fluid preessure; WaeleRible mbABrae $9E6drAluBECihoedkr td ForinSa e spatiorRgedpongr ed

by el ectro-magnetic radiation transmtted froma point renote fromthe
sensor. 469sucAtimtessure sensor according to claim468 wherein the flexible

menbrane is a | agipat.e hayi | east t | ayar.s [ .
deposition of di ??dejelgé?ﬁ Oﬁéf ﬁ%x@ier W@g@e%@geiﬁlﬁ rcgéé’cﬂ%&jgﬁ%ﬁ?ﬁ%ﬁs&?gﬁ%g to
cl ai m 469 whieh@iycdierti®t tk oGubsichis; @heetipt al nitrides or m xed netal
nitrides. 471 . A pressure sensor according to_ claim469 wherein the netal

ceram cs are tit Bicandustive layet iseriagged sich Mintrefastion ot theqeembrange lWaRdse| con
nitrideyti qu’xr?ih%ealg%pcgﬁ Hﬁbﬁa‘cl: tHeHhid from between the membrane and the conductive

layer.

433. A pressure sensor according to claim 425 wherein the pressure sensor is adapted to
sense the air pressure within a pneumatic tire.
15

434. A pressure sensor according to claim 425 wherein the membrane is non-planar.
435. A pressure sensor according to claim 434 wherein the membrane is corrugated.

20  436. A pressure sensor according to claim 435 wherein, the membrane corrugations

have a period of between 5 microns and 15 microns.

437. A pressure sensor according to claim 425 wherein, the membrane is substantially
circular and the corrugations are annular.

5
438. A pressure sensor according to claim 434 wherein the corrugations have a

substantially square-shaped cross-sectional profile.

439. A pressure sensor according to claim 438 wherein the flexible corrugated

30 membrane has a corrugation factor of 8.

440. A pressure sensor according to claim 439 wherein the sensor has a linear response

up to about 1MPa.



nitride, or tantalumalumniumsilicon nitride. 472. A pressure sensor
according to claim471 wherein one or nore of the layers of the lamnate is
metal . 47AB0 200quexsgur e sensor according to clai m472 wheceiavvdh@orabal i s
titanium tantal umor vanadi um 474. A prlddsure sensor according to claim
468 wherein the chanber, the flexible nenbrane, and the associ ated
circuitry are all fornmed on a silicon wafer substrate using

it hographically masked etching and deposition techniques. 475. A pressure
sensor according to claim468 wherein the sensor is a capacitative sensor

havi ng: a copuct j\edsaneneRODI-AiAL t Blaih 225 RABRE! the QeARE I8 powdrédby a long-
capacitor electrode; and, the flexible nenbrane is conductive in order to

form a secohf eéipryci t or el ectrode; such that, deflection of the flexible
menbr ane changes the capacitance which the associated circuitry converts to
t he out put signal; wherein, the conductive |ayer is arranged such that

defl ectipn g2 .t hg gregabreasisot @&@T&iﬁﬁ&@@laﬁﬁ) AgsIGihegh tha¥erisof &b eted B fadidne
fluid from between the nenbrane and the conductive |ayer. 476. A pressure

sensor accowayvesdrangmittedifram g gempieseviset he pressure sensor is adapted to
sense the air pressure within a pneumatic tire. 477. A pressure sensor
according to claim468 wherein the nenbrane is non-planar. 478. A pressure

sensor acco#4B. ngAtResslu@isehsdbr dcoviding itd claing 432 wbesirethe Soodudtivg ddyetlis afrafiged

pressure sensor_accQrding to clajm 478 wherein, the nenbraqf corrﬂg%ﬁhfns
1 € Iiul

have a per i #t¢hdhatdetlaiion of the meghrang foyvards thecppdictive layer can displace t

10  from between the membrane and the conductive layer.

444. A pressure sensor according to claim 443 further comprising a passivation layer at

least partially deposited over the conductive layer.

15 445. A pressure sensor according to claim 444 further comprising a CMOS layer

disposed between the conductive layer and the substrate.

446. A pressure sensor according to claim 445 wherein the membrane is approximately
0.5um thick.

20
447. A pressure sensor according to claim 443 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

448. A pressure sensor according to claim 425 wherein the apertured guard is a laminate

25  of different layers.

449. A pressure sensor according to claim 425 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
30 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.



480. A pressure sensor according to claim468 wherein, the nenbrane is
substantially circular and the corrugations are annular. 481 . A pressure
sensor acwonrdeang23se cl ai m 477 wherein the corrugati ons ravawosulostianti al |y
squar e- shaped cross-sectional profile. 4823 A pressure sensor according to
claim 481 wherein the flexible corrugated nmenbrane has a corrugation factor
of 8. 483. A pressure sensor according to claim482 wherein the sensor has

alinear re nse up to about | MPa. .484. A pressure sensqr,accor.ding to

i ai macs vigre f AR ERrBreLEianaim 47 BBERH B SR P BRES iodResd. A
pressure Sem&cﬁﬁ&lﬁgz&*tﬂ%ﬁ@a ﬁépabilﬁat%%eﬁd&;td%@ﬁ tHa@pri1 sing a | 0_”9-' ife
battery adapted for recharging by the renotely transmtted radi o waves.

486. A pressure sensor according to claim475 wherein the conductive |ayer

is arranged such,th flection th BHr -t congductive

| ayer can di spl a%:hg at%%()é’gaﬁ?du‘f cfﬁl%t%o?ﬁ%%g}em%%%%nﬁé: ﬁ%cﬁ%aﬁ%%ggﬁ%ﬁg%lg%coon uctive
| ayer. 487. sebofd €esiUlean&abiRaE, tacalibrateiige buipatl signal. 486 further conprising a
passivation |ayer at |east partially deposited over the conductive | ayer.
488. A pressure sensor according to claim487 further conprising a CMOS

| ayer di sposed between the conductive |layer and the substrate. 489. A
pressure sefSbor Aguessdiersgnsoy actéonding 48 6lainh dp@ ivhetchrethemsadomd meenlygrane is at least

approxi matel y .05 thi.ck. 49 A pressur.e, sensor according to claim486
wher ei n thep%ﬁ%?ﬁq‘igﬁoﬂ/%Wc&CW C %ﬁla’so m crons fromthe menbrane in
its undeflected state. 491 . A pressure sensor according to claim 468

wherein the apertured guard is a |am nate ) ' o
10 452. A pressure sensor according to claim 451 wherein the conductive ceramic is a

metal nitride.

453. A pressure sensor according to claim 452 wherein the membrane is titanium nitride,
tantalum nitride, or vanadium nitride.

15
454 A pressure sensor according to claim 451 wherein the membrane is formed from a

mixed metal nitride.

455. A pressure sensor according to claim 454 wherein the mixed metal nitride is
20  selected from titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride,

titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.

456. A pressure sensor according to claim 425 wherein the conductive layer is apertured
to allow the fluid to flow from between the membrane and the conductive layer. &
25

457. A pressure sensor according to claim 431 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:

30 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.



of different |layers. 492. A pressure sensor according to claim468 further
conprising a second chanber with a second nenbrane, the second chanber
bei ng seavedodwmmsthe fluid pressure and the second nempcand2oeidoeadi ng
froma predetermined pressure differencel2d the second chanber; wherein,
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. 493. A pressure sensor according to claim492 wherein the
second chanber has a second conductive |ayer to forma capacitative sensor;
such that, t ey asagibatfhefidra@eédridg s 8Rirh BS7 WIBRGE tHe W ABIRMAIANS QirbétOafer
defl ection of the second flexible nmenbrane, to calibrate the output signal.
494. A preskendingwhershy thecwntiiching swiaskaeitha dizstwhé sedond mhagers agonige pheatbraade

[ | i,al l . . 1 C. i al . .
ancor aceot B AsRy Ttk R R Rur SRR Bl o on b= ©

nitride.s 49%io é\)rﬂﬁ&aﬁhﬁrgm@ﬁm@mreaccordi ng to claim495 wherein the nenbrane
is titaniumnitride, tantalumnitride, or vanadiumnitride. 497. A pressure
sensor according to claim494 wherein the nmenbrane is formed froma m xed
metal ni(rigR AR% QR ERIHTEAENER ARE A5 SiigidiLuk! BhiR ARl sithEEeka the

m xed netal nitride 1s selecte remtitaniumsilTicon nitride, tantal um

si licon nitbiodght tugethet at atahpératare gredter ten 700%ani um al umi ni um silicon
nitride, or tantalumalumniumsilicon nitride. 499. A pressure sensor
according to claim468 wherein the conductive layer is apertured to allow

the flujd t9sd.| oW SEQMLRhW SRR 5 BRIA IS0 Mdrdil re RTINS ib BY&ic

bonding offers whereby the contacting surfaces of the first and second wafers have a large

voltage applied across them.

461. A pressure sensor according to claim 460 wherein the wafer bonding is
15 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.

462. A pressure sensor according to claim 461 wherein the low melting point material is

20  silicon nitride or titanium nitride.

463. A pressure sensor according to claim 425 wherein the membrane is circular with a

diameter less than 500 microns.

25 464. A pressure sensor according to claim 463 wherein the membrane diameter is less

than 300 microns.

465. A pressure sensor according to claim 464 wherein the membrane diameter is 100

microns.
30

466. A pressure sensor according to claim 448 wherein the layers are different materials.

467. A pressure sensor according to claim 466 wherein the different materials are silicon

nitride and silicon dioxide.



500. A pressure sensor according to claim474 wherein the wafer is a first
waf er substrate with a front side and an opposi ng back side, a recess

et ched i nwo 20éw4B350nt si de and at | east one hol e et chedpPCravu2vdawobaek side
to the recess; and the sensor further cohp¥ising: 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. 501 . A pressure
sensor according to claim500 wherein the wafer bonding is direct wafer
bondi ng whereby the contacting surfaces of the first and second wafers are
ultra clean, andHthi vARERSSHF SRRIOT Y Serang hIHIIRISITS RS PIRSFUIGSASi ¢ pri or
to bonding, . fen brought into contact at high tenperature. 502. A
pressure sensdr actording to claim468 wherein the contacting surfaces are
br ought t oget hera etiangber pagtial g tiefimedgryeafi exible maembtia0€) the G@sber dontainmgur fiuid

sensor according to claimb502 er.ei he wafer bondi ng is anodi c _bondi ng
of fers wher@By® ﬁeé‘CEBFﬂS%}Eﬁ%hﬁ%ﬁ}& g{}bé?m(eﬁ)@rqqer © tﬁgrogb%‘?yrﬁfeweers have

a | arge vol §;aQRnaPPRbveeh A TORFentE PR ROInd the BIES BHESIrS SRS RlemBEHE binptht t O
cl ai m 503 erein the water bonding is internediate | ayer bondi ng whereby a

| ayer of | olsastphttialy fproiedifromacendustivé mateppl;iaad, t o one or both of the

contacting surfaces.of .the first and.segon fers..soqth heat an
pressure forns tHSOGEPLPIEY _forg@gyer}&n%ﬁ)&cgeg\ﬁgtlo ?fstg? ﬂg)é@%rra?rﬁ%mfl%g%?g? m
504 wher ei noﬁtfy@c sﬁ@iﬁﬂ ﬁiqidaﬁ{)gop@'bmﬁlid”@%@ﬁf@kyﬂeﬁeiﬁ,i licon nitride or titanium
nitride. 506." A pressure sensor according to claim468 wherein the nenbrane
i s circlfl ar wi t htha agogiskadegiropisgiis taﬁzmﬁedstog’erﬁw%by electro-magnetic radiation

transmitted from a point remote from the sensor.

469. A pressure sensor according to claim 468 wherein the flexible membrane is a
. laminate having at least two layers formed from the deposition of different metal ceramics.
15
470. A pressure sensor according to claim 469 wherein the metal ceramics are metal

nitrides or mixed metal nitrides.

471. A pressure sensor according to claim 469 wherein the metal ceramics are titanium
20 nitride, titanium aluminium nitride, tantalum silicon nitride, titanium aluminium silicon

nitride, or tantalum aluminium silicon nitride.

472. A pressure sensor according to claim 471 wherein one or more of the layers of the
laminate is metal.

25
473. A pressure sensor according to claim 472 wherein the metal is titanium,‘tg.ntalum or

vanadium.

474. A pressure sensor according to claim 468 wherein the chamber, the flexible
30 membrane, and the associated circuitry are all formed on a silicon wafer substrate using

lithographically masked etching and deposition techniques.

475. A pressure sensor according to claim 468 wherein the sensor is a capacitative

sensor having:



507. A pressure sensor according to claimb506 wherein the nenbrane di aneter
Is less than 300 m crons. 508. A pressure sensor according to claimb507
wher ei n twe 2nedaezsne di aneter is 100 microns. 509. A pr @STMNRGE0SAD
according to claim491 wherein the |layerd2are different materials. 510. A
pressure sensor according to claimb509 wherein the different materials are
silicon nitride and silicon dioxide.

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
5  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.

10 476. A pressure sensor according to claim 468 wherein the pressure sensor is adapted to

sense the air pressure within a pneumatic tire.
477. A pressure sensor according to claim 468 wherein the membrane is non-planar.
15 478. A pressure sensor according to claim 477 wherein the membrane is corrugated.

479. A pressure sensor according to claim 478 wherein, the membrane corrugations

have a period of between 5 microns and 15 microns.

20  480. A pressure sensor according to claim 468 wherein, the membrane is substantially

circular and the corrugations are annular.

481. A pressure sensor according to claim 477 wherein the corrugations have a
substantially square-shaped cross-sectional profile.

25
482. A pressure sensor according to claim 481 wherein the flexible corrugated

membrane has a corrugation factor of 8.

483. A pressure sensor according to claim 482 wherein the sensor has a linear response

30  up to about 1MPa.

484. A pressure sensor according to claim 468 wherein the flexible membrane is less

than 3 microns thick.
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485. A pressure sensor according to claim 468 further comprising a long-life battery

adapted for recharging by the remotely transmitted radio waves.

486. A preésure sensor according to claim 475 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.

487. A pressure sensor according to claim 486 further comprising a passivation layer at

least partially deposited over the conductive layer.

488. A pressure sensor according to claim 487 further comprising a CMOS layer

disposed between the conductive layer and the substrate.

489. A pressure sensor according to claim 488 wherein the membrane is approximately

0.5um thick.

490. A pressure sensor according to claim 486 wherein the conductive layer is less than

50 microns from the membrane in its undeflected state.

491. A pressure sensor according to claim 468 wherein the apertured guard is a laminate

of different layers.

492. A pressure sensor according to claim 468 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,

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.

493. A pressure sensor according to claim 492 wherein the second chamber has a second

conductive layer to form a capacitative sensor; such that,
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the associated circuitry uses the change in capacitance from deflection of the

second flexible membrane, to calibrate the output signal.

494, A pressure sensor according to claim 493 wherein the second membrane is at least

partially formed from a metal ceramic material.

495. A pressure sensor according to claim 494 wherein the conductive ceramic is a

metal nitride.

496. A pressure sensor according to claim 495 wherein the membrane is titanium nitride,

tantalum nitride, or vanadium nitride.

497. A pressure sensor according to claim 494 wherein the membrane is formed from a

mixed metal nitride.

498. A pressure sensor according to claim 497 wherein the mixed metal nitride is
selected from titanium silicon nitride, tantalum silicon nitride, vanadium silicon nitride,

titanium aluminium silicon nitride, or tantalum aluminium silicon nitride.

499. A pressure sensor according to claim 468 wherein the conductive layer is apertured

to allow the fluid to flow from between the membrane and the conductive layer.

500. A pressure sensor according to claim 474 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 wafer is wafer bonded to the first wafer substrate.

501. A pressure sensor according to claim 500 wherein the wafer bonding is direct wafer

bonding whereby the contacting surfaces of the first and second wafers are ultra clean, and
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activated by making them hydrophilic or hydrophobic prior to bonding, and then brought

into contact at high temperature.

502. A pressure sensor according to claim 468 wherein the contacting surfaces are

brought together at a temperature greater than 700°C.

503. A pressure sensor according to claim 502 wherein the wafer bonding is anodic
bonding offers whereby the contacting surfaces of the first and second wafers have a large

voltage applied across them.

504. A pressure sensor according to claim 503 wherein 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.

505. A pressure sensor according to claim 504 wherein the low melting point material is

silicon nitride or titanium nitride.

506. A pressure sensor according to claim 468 wherein the membrane is circular with a

diameter less than 500 microns.

507. A pressure sensor according to claim 506 wherein the membrane diameter is less

than 300 microns.

508. A pressure sensor according to claim 507 wherein the membrane diameter is 100

microns.
509. A pressure sensor according to claim 491 wherein the layers are different materials.

510. A pressure sensor according to claim 509 wherein the different materials are silicon

nitride and silicon dioxide.



