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with plezo esi's
used is Gallium Arsenide (GaAs). Contact pressure sensors are based on solid

state physics of the pressure sensitivity of semi-conductor elements from columns
A and VA of the Mendeleev table. Different column elements are combined,
and are grown epitaxially (lattice-matched) on a single substrate. Once contact
pressure is applied to the material a difference in resistance can be measured.
Additionally, linearity response can be detected to pressure variations by direct
contact instead of by hydrostatic means.

Contact pressure sensors to date have typically been made using piezo-
resistivity property of Aluminum Gallium Arsenide (AlGaAs) material, an epitaxial
film. Of course, the wafer substrate that the epitaxial film is grown has the same
lattice structure as the epitaxial film.
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solid state pressure sensor2of AlGAs is disclosed in
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CedHitt brastutedyer di sposed on the contact pressure
sensitive layer for a conductive contact for the
sensor. In an enbodi nent, the material of the contact
pPsOMMARYSensi tive |ayer may be a sem -conduct or
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Critaral Wik pRSUTEsIStRBDirdperted senettive to pressure applied to the contact
pressure sensor, the contact pressure sensitive layer having lattice structure
different to the subsirate; an insulation layer disposed between the substrate and
the contact pressure sensitive layer and for supporting the contact pressure
sensitive layer on the sensor; and a conductive layer disposed on the contact

pressure sensitive layer for a conductive contact for the sensor.

In an embodiment, the material of the contact pressure sensitive layer may
be a semi-conductor element from columns IlIA and VA of the Mendeleev table.

In another embodiment, the material of the contact pressure sensitive layer

is a ternary semi-conductor element from columns 1lIA and VA of the Mendeleev
table.
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pressure sensitive layer for a conductive contact for the sensor; and transferring

the process post structure from the first substrate to the second substrate.

In an embodiment, the process post structure may further comprise
depositing a sacrificial layer on a surface of the first support wherein the sacrificial
layer is disposed between the first substrate and the insulation layer. The
transferring of the process post structure may further comprise removing the

sacrificial layer from the process post structure.

In another embodiment the forming a process post structure may further
comprise depositing a temperature sensitive layer having a material with piezo-
resistive properties sensitive to temperature also disposed on the substrate; and
depositing an additional insulation layer disposed between the temperature
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the process of manufacturing in accordance with an embodiment of the invention;

and

FIG. 5 shows a flow chart of a method in accordance with an embodiment

of the invention.
DETAILED DESCRIPTION

A sensor 10 is shown in FIG. 3C and 4 and a method 50 for manufacturing
a sensor shown in FIG. 5 to monitor the contact pressure distribution between two
surfaces in contact. For example, an application exists between flange and
gasket surfaces in a pipeline. Additionally, a number of points of contact between
the two surfaces may be monitored by a number of sensors. In the application
between the flange and gasket surfaces of a pipeline, a sensor or a plurality of
sensors may be positioned proximate to critical areas of either surface, such as
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a sensor or a plurality of sensors may be positioned
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S liofrringﬁ&\ gf%é lé%l‘s%‘? e &885’5% post structure 8 during proceésing. The
process support substrate 20 such as Gallium Arsenide (GaAs) wafer 20 is taken
as a base. A first layer 22 grown or deposited onto one face of the process
support substrate 20, and is a sacrificial layer that is sacrificed during the process
of transfer of the process post structure 8 to the sensor support wafer 40
discussed below. The sacrificial layer 22 is a material that may be easily removed
during the transfer process. Such a material for the sacrificial layer is Aluminium
Arsenide (AlAs) with a thickness of, but not exclusively, 800A.

A second layer 24 that acts as support layer for all other subsequent layers
in the process post structure 8 is deposited onto the sacrificial layer 22. The
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example, another insulating layer 28 is grown or deposited directly onto the
pressure sensitive layer 26, which is undoped GaAs with a thickness of, but not
exclusively, 30,000A. A temperature sensitive layer 30 is grown or deposited on
the insulating layer 28, and is n-type Al\Gas.,As with a thickness of but not
exclusively, 10,000 A. Conveniently, by selecting the correct value of ’x’ in the n-
type AixGa1-xAs the sensitivity of the AiGaAs material will either be pressure
sensitive or temperature sensitive. The conductive layer 32 is then grown or
deposited on the temperature sensitive layer 30 in the same manner as described

above.

It will be appreciated that the values and choice of materials used in the
above embodiments are provided as examples. Of course, depending on the
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excl usi vely, 10,000 A. Conveniently, by selecting the
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s ubbtustahm e firsh stiostrale2® asicio af faraixample a metal, insulator,
semiconductor, or the like. If the surface texture and or flatness of this new
substrate layer 8 is within certain required limits, a method known as the “van der
Waals” (vdw) bonding process can be adopted. Such a limits and transfer
process is discussed in the article, Demeester et al. “Epitaxial Lift-Off and its
Applications”, Semicond. Sci. Technol. 8 (1993) p 1124-1135, and is incorporated
herein by reference. If the surface texture of the sensor support substrate 40
does not have a suitable surface texture, or it has conductive properties, an
intermediate insulation layer 42, such as but not exclusively a polyimide, will need
to be deposited to form an insulation layer onto the new substrate 40 prior to
depositing the lifted off material layers of the process post structure 8 as shown in
FIG. 3B. Generally, the majority of insulating materials are more brittle than
conducting metals. If a metal is chosen as a new substrate a coating of insulating
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serve as bond pads for further wire bonding. Connection is made to each end of
the said meander pattern for measuring changes in resistance in pressure sensing
layer 26 due to changes in contact pressure, and if present temperature sensing
layer 30 to monitor changes in temperature.

The varied applications of the sensor will dictate the type and size of
contacts 36 built 60 at each end of the meander pattern. Of course, the contacts
36 shown in FIG. 4 are provided as an example for illustration purposes, and it will
be appreciated that electrical connection 60 may be made in other forms. For
example if the process post structure 8 is transferred to another substrate having



shoul d be etched 58 to a depth below the | evel of the
pressure sensitive |layer 26 Al xGal-XAs into the

wonsosioasiosn | ayer 24 to an order of but not exeCuUSGI@4P0197
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to 1,000 A. Upon conpletiondof the etching process the
masking material 34 is renoved. O course the depth of
t bﬁcdﬂ%SMeVMohl okf@rnﬁ&i‘ perdonesiebinet thimstdni thlneed favfany Inge of wire

ndycti ve, ensitive, and insulation |ayers
g Q‘%”@Broc H@Edspattern 34 shown in FIG 4 is
prOV|ded as an exanple for illustration purposes, and

A d di f f h f
meander MBS HRE SHag e R erreEt o RPRHTE FaLid Prsssure

Vv abtigs it sebih efoam/ers @ tiravitiy vesuld eewell &downd For example
aligned onto the f (r:?g of | ayer 32

ependi n n
S PR SE SRSRTGI 2 PPHET oA gRol T B Eomag ggliage pover
t @bUcE Aith owitivd tepiiiiat corMieiRAtio PAE SoREChdTittehsemByr ahdhe

serve, as bagn her

CoRie e chadetelod R aodath ang A dtive deipal and

PatHer cBnthétrto GRAM! lAmgutlogam Bwill Ive klﬁﬁvrsihah@teen ¢omponents in

pressure sens er e .to chan n _cont act
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to nmonitor changes in tenperature. The varied

applications of the sensor w dictate the type an

si ze of QBEIPraleCHif yer@lcg@sgé)aﬁy I%\ferpﬁgasswagon

n gf thediké ﬁfay be(af pﬂ@dﬂfcﬂﬁe cbh@le@@@émt BJrfbﬁotsétrmvaur;mses
are pr ust r

D 5PE 8 BI04 RIS HRON A RENSR B e Uk RIreE e aiges
C;&Fﬁﬁdm@ﬁn ﬁféw%}bh%&oﬁ@dAftderﬁh@deﬁfatuﬁmbfmampFFete sersormiesices,
i e process pgst s

tryctyre 8 i s transfe
2o Fapbles B Rt b 'ﬂa\?mﬂ%f RIeERsY AR priged bSmae egee side
t green TrktRocdsbef boiied &id mebsuremedisfape tramycarygaeoutfon the
wi re bonding process is elimnated. The el ectrical
ciSPBERNP- used to connect to and drive the contact
pressure sensor is not shown, however, such circuitry

woul d he well known. e e cir
conpr | BEW'@% & APRIsREHS %E‘E @gég%Pp&g]?geH@Hg y@“ﬁ%&&&”"""
P&RE beew ?Gﬁ:ﬁ%d Refe@rsiol bupobes of iasitratian) Weﬂcblminbmflm‘(rens may
contact of t se t he ne ative ter

e iBede e BreAhig o dbn stiie o105 piEntoBy Rk REdnaly. the
t gfvEnnenh isaidd linitdeexaepnbpttie dppegdedicidimsAddi tional 1y, it
will be known that other conmponents in



the electrical circuitry may be applied such as
current detectors, and the like. An additiona

wonreis@osiose | ayer such as a polyim de | ayer or PCT/SG2004/000197
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passi vation layer or the |ilke may be applied to the

conpl ete sensor for protection purposes such as

moVeatig eaimed igxanpl e. | ndi vi dual sensors are cut into
required sizes depending on their applications. After

the formati on of conplete sensor devices, the sanples

arle cuth emiacipeessuig Jensoptamisingnd are protected from

the device sjdgq 9¥e“?@|’(su H}ﬁm n[ﬁ)é: a&opf bondi ng and
nmeasurenents are en cal on’the sensor chip.

It will be a@pjongast ate§dunemn$|tlm lawugamngpﬁamnatenal with piezo-
enbodi

her ei n Qétﬁle r oés}gesé %%’n%ﬂn‘i/{a ?ljé@%/tﬁegsa\f/égﬁﬁﬁé b&'ﬁgct pressure
modi f i csaﬂwn@ermytabépneaaeewemw layhy having fajtider strncture

scope Accordingly, the invention is

not |Ii ?nﬁftfeté%ﬂééghegub%%ttehe appended cl ai ns. What is

cl ai med is: an.inguiaiiontlaysr dispesedipeiwsem Hersubstipeiasidnige centact

substr iyl

or esSU e&sgﬁi’s @@%e%aggn Fb? sﬁ@&b‘i{ﬂ{rgatthé cﬁﬂ{éksagr%eﬁsure sensitive
pi ezor é@yespn\ﬂeegﬁr@peandes sensitive to pressure

appl i ed 10 LG GRRNAGhyd RIS PO FR%htact HR<E0 Bhlitve layer
pressure sensitive layer ving lattice structure

di f f er dota cendubiivesednaat fardhe senspnsul ati on | ayer

di sposed between the substrate and the contact

pressure sensitive |layer and for supporting the

céht actA mgsmc@nﬁemm' claive1 whgrein ba nodterial ohthercontacti pmssure
OndUCts S lvea%§ér 19 LR %g t&r@?en‘f&ﬁtﬂ%ﬁ‘{ co?ﬁrﬁﬁ% h'lAeand VA of

sensi tive for a conductive contac

sensor .thQMeAd@eﬂ\stabl%ccor ding to claim1 wherein the

mat eri al of the contact pressure sensitive layer is a

sem - conductor element from colums | MAand VA of the
Mendel desensabaecording to claim 2 wherein the material of the contact pressure

sensitive layer is a ternary semi-conductor element from columns llIA and
VA of the Mendeleev table.

4. A sensor according to any one of claims 1 to 3 wherein the material of the
contact pressure sensitive layer comprises more than one layer of different

elements from columns 1A and VA of the Mendeleev table.

5. A sensor according to any one of the preceding claims wherein the
material of the contact pressure sensitive layer is Aluminium Gallium
Arsenide (AlGaAs).

6. A sensor according to any one of the preceding claims wherein the
materials of the insulation layer is Gallium Arsenide (GaAs) and the
conductive layer is doped Gallium Arsenide (GaAs).



3. A sensor according to claim2 wherein the materi al

of the contact pressure sensitive layer is a ternary
weenis/osmnsluct or el enent from col ums | HAand VAPOT/SGR@4/000197

Mendel eev table. 4. A sensan according to any one of

claims 1 to 3 wherein the material of the contact

pr éssurk SerEPs REEArding &y elpine b herade thermateriald theosubstraleds

of diffgrent el ements from col ums | HAand VA of the

Mendel eev table. 5. A sensor according to any one of

the preceding clainms wherein the material of the

cont act S . - . .

A Sent db SR LRy TG0 e SUARE plcolndCIek TRl LorBieing:
S the precedi rytespsratgrasensidive layaehavinga materiabivith hiezo-resistive

i nsul at| : k ] j @@5) :
conduct?r\gg?r{tlg%gérngi't@e%g@d&%ﬁﬁ?ﬁ% t%fng %nl e 8(3 gg%’s% Eggr %vmg
sensor aldisedirngiutaditerenhtolthatsebelraietdrsdl mat eri al  of
t he substrat.eg, L sl : rstﬁéiﬁ rdi
one of the p%e%idétl%rﬁg ‘ @?Q?tr'rdé’ I? %t r g%%ﬁ%@%g ﬂﬁg@teﬁeﬁxre
t enper aRANSEVS BAYST and/belpagastirehsansitiye tayetst whherain the afditional

10 P\ €20 Iifishatdnyd AR S bR oL fiRbld Yo kP BRAE Mtibdrature
the tenperature sensitive |layeér having a lattice
st r uct ugedsilive fayeeand the prersurasrnsitive ayeand an
additional insulation |ayer disposed between the

tenperature sensitive layer and the pressure sensitive
| arer s AvBenseir acediding delany oreadf the prdcading eldimy wheteisa meander

resist %@rr%ee%r%ﬁ a)tnr{ﬂg cEhddBle ﬁ%tetrigﬁtotiﬁémg{eaﬁwgrsgnﬂtivitx of
sensitive layer and the pressure sensitive [ayer. 9.

15 sensor thecontaciyyessiransgnsone of the precedi ng cl ai ns
wherein a neander pattern is etched on the conductive
material to increase the sensitivity of the contact
pr i surke seraes eccordiog tnareernef the pmcdiing cladmamwhersirethefsensor

W thot anar RGO, Sl oS E 0 olch i VA p ATk

20 11. A method of making a contact pressure sensor comprising
providing a first support substrate and a second support substrate, each
having different lattice structures;
forming a process post structure comprising:

depositing an insulation layer on the first support substrate;

25 depositing a pressure sensitive layer having a material with piezo-
resistive properties sensitive to pressure applied to the contact pressure
sensor disposed on the insulation layer, the pressure sensitive layer
having a lattice structure different than the second substrate; and

depositing a conductive layer on the contact pressure sensitive

30 layer for a conductive contact for the sensor; and
transferring the process post structure from the first substrate to the
second substrate.

12. A method according to claim 11 wherein forming a process post structure
35 further comprises depositing a sacrificial layer on a surface of the first



11. A nethod of making a contact pressure sensor
conprising providing a first support substrate and a

weeasnd3®sipport substrate, each havi ng differeRrCT/SG2004/000197
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35

|attice structures; form ng2a process post structure
conprising: depositing an insulation Iazer on the
first suppeitwhetasthesaerificid fryst isidigpoged pelean éhe first substrate

sensi tiyg tha¥Rlilayidygr @ material wth piezoresistive
properties sensitive'to pressure applied to the

contact pressure sensor disposed on the insulation

I 0 r . .

stict i DeyRERES el 25 RR ral BIPS o bRkt st
deposi tStigtuse toihaueamprises sgraeving thersaciinial dayer fiomdbe peocess
sensi tiye: Laygief Or a conductive contact for the

sensor; and transferring the process post structure
fromthe first substrate to the second substrate. 12.

A fet hod nRafRr LH-0%ird oc%ngioﬂh oMb £ fﬂﬁ@r@ﬂ.f?rming a
process post structure further conprises depositing a
sacr i f iripeassipagestrusture fusiher e@raprisest he first support
wherein the befdCi | Sl . .
1ot subse rSPeoting 8 @hoerBliy sorufte gl RS L HiRthai Ny
accor diRigzotigsistive propertigh sensitivette tamfesaturendisperedmndbe fest

post StsruBQtlﬁ'é{Fﬁearfd”t her conprises renoving the
sacrificiral Tayer fromthe process post structure. 14,
A et hod accisPapiting 8o addifjorah insulation layakdispgosed begveen the

wher ei nef8Ehig sBndfiROETs 8 the ?Fefsy&le%ﬁsiﬁw IE\{?%% wherein the
conpri ses:_ epOSI t I n%; a terrperq ure sensiti ve‘ ayer
havi ng additenalinsylatigntlayesihes eresisiaged greaisr §peraithesof the

sensi t itg,g,pg%%s ggﬁ&ﬁfe%ged@gﬁ RS gl.%s&r}etsgﬁsifi\i/er Byer.

substrat e, positi n addi t1onal i nsulation
| ayer di sposed between the tenperature sensitive |ayer

an@ t hea RRBRY Lo HnY Bnk Y 85/ ML 4YuFRS comprising

etching a meander pattern on the conductive material to increase the

sensitivity of the contact pressure sensor.

16. A method according to any one of claims 11 to 15 wherein the material of
the contact pressure sensitive layer is a semi-conductor element from

columns HIA and VA of the Mendeleev table.

17. A method according to any one of claims 11 to 16 wherein the material of
the contact pressure sensitive layer is Aluminium Gallium Arsenide
(AlGaAs).

18. A method according to any one of claims 11 to 17 wherein the material of
the second substrate is different to the original substrate.

19. A method according to any one of claims 11 to 18 wherein the materials of
the first substrate, the insulation layer and the conductive layer is Gallium
Arsenide (GaAs).



addi tional insulation |layer has a resistance greater
than either of the tenperature sensitive |ayer and the

woresgus@ssensitive | ayer. 15. A nmethod accor dpam/SGe004/000197
any one of clainms 11 to 14 Burther conprising etching
a nmeander pattern on the conductive material to
i ncrease the sensitivity of the contact pressure
SERFOr . A hfdthdy 4&b @%@Qr&\w clafn@ ¥ (PI@whEref RbBenddy is
to 15 wherein the eri the contact pressure
sensi t | AFEANDRY P Mtéstan@@@wor&@ﬁmsare ef asaetat thep g MPa.
col ums | HAand VA of the Mendel eev table. 17. A nethod
according to any one of clainms 11 to 16 wherein the

S material of the contact pressure sensitive layer is
Al um nium Gal I'i um Arseni de (Al GaAs). 18. A nethod
according to any one of clains 11 to 17 wherein the
material of the second substrate is different to the
original substrate. 19. A nethod according to any one
of clainms 11 to 18 wherein the materials of the first
substrate, the insulation |ayer and the conductive
| ayer is Gallium Arsenide (GaAs).20. A nethod
according to any one of clainms 11 to 19 wherein the
sensor is arranged to w thstandi ng contact pressure of
greater than 40 Mra.



