8 January 2007 1 CONTACT PRESSURE SENSCR AND METHOD

FOR MANUFACTURI NG THE SAME FI ELD OF THE I NVENTION 5

The invention generally relates to pressure sensbfauary 2007
and nore particularly, to pitezo-resistive based

" contact pressure sensors used to nonitor contact
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joints. 20 For epitaxial filmmmterials such as

Al GaAs, the material of substrate wafer wused is

10 GaBACKERBERD de (GaAs). Contact pressure sensors are

-based on solid state physics of the pressure

sensitivity of sem -conductor . elenents from col ums

ol ement 47 Hreialfe SROE 8 1bA i SnciupiconineLerpysures between
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e a epitaxial film 8 January 2007 2
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20 . Por eplfcémal Pllm aterials such as AlGaAs, the material of substrate wafer
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used is Gallium Arsenide (GaAs). Contact pressure sensors are based on solid

. state physics of the pressure sensitivity of semi-conductor elements from columns

HIA and VA of the Mendeleev table. Different column elements are combined,
and.are grown epitaxiaily (fattice-matched) on a single substrate. Once contact
pressure is applied to the material a difference in resistance can be measured.
Additionally, Iinearity 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 Galfium 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. |




An exanpl e of a contact pressure sensor using

materials wth piezo- resistive properties is a

meander resistor which is formed by the conventiYRgfary 2007
fabrication processes, |ike phwtolithography, etching

and netallization. A type of solid state pressure

sensor of Al GaAs is disclosed in US4965697, however,
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and Ih/le heev table. Arended Sheet | PEA
“and wherein the contact pressure sensor is arranged such that a pressure resulting from the contact

pressure foree.and the counter-force is applied across the contact pressure sensitive layer.

‘The second contact surface may compnses at least a portion of a surface of the substrate

- facing away from the contact pressure sensitive layer The supporting layer may be seml-msulatmg
or insulating. The material of the contact pressure sensitive layer may be a seml—conductor element from

- columns INA and VA of the Mendeleev table ' ;
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8 January 2007 3 The material of the contact pressure
sensitive layer may be a ternary sem -conduct or

element fromcolums I11A and VA of the Mendel e®{anuary 2007
table. The material of the contmct pressure sensitive
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Y PH R R P&O@‘Z%ﬁ PR3N re fromethie; %sstsse\besntait%ottbe second
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"~ depositing an additional insulation |ayer disposed

bet ween the tenperature
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

deposumg an additional msulatlon layer dlsposed ‘between the temperature
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| ayer and the pressure sensitive |layers wherein the

additional insulation |ayer has a resistance grieapery 2007

than either of the tenperatu‘fe sensitive | ayer and

the pressure sensitive |ayer. BRI EF DESCRI PT] ON OF
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or WP PEPSPUEKPINSIIVR Ia¥eRe art from the fol | owi ng

description, in conjunction with draw ngs, in which:

10 FIG 1 shows a cross-sectional view duri ng a stage

of BREE BESERIRTION OF gtk BRAYWINGP i n accordance with an

enbodi nent of the invention; FIG 2 shows a

cross-sectional view during a stage of the process of
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of intdiftioh WEHE b@fl’er an'dgfstrftﬁ' &ncﬁ@ﬁc‘]ﬂy"éﬁb%?érﬁ% bh&BRbrdinafMkill in

during stages the process of “manufacturing in
aclbe pidioee fpllpvung érssoiion ceiungiieniwithedrawipgs, ip gvhich:
FIG 4 shows a perspective view of an enbodi nent of

- the invention after the process of manufacturing in
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DESCRI PTI ON A sensor 10 is shown in FIG 3C and 4 and

h 5
EI get 59‘-?% rﬁrgfr-].l ogac?c?gsas‘éﬁ:ﬂéﬁdﬁgze“ﬁﬂ;rﬁ agsoﬁfﬁg"iﬁode@s of

e contact press tribution
b avamdacturing insgcordence With emth@rcembotbmee&@frtbe wveafipn;
appl ication exists between flange and gasket surfaces
in a pipeline. Additionally, a nunber of points -of
cont actFlGeBA2 show bress-aectivnrl vews dwiityg $legewof the pearess of

F RSt A ERE odngs L OF sfBBunRl pPlhe REWIBE | 0,

a plurality'of 35 sensors may be positloned pr oxi mat e
to cri tF'Ié 4 shows'a p%frsp%cf‘ vEView of L &mbodifdht 3 the invention after

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 fhe invention.
DETAILED DESCRIPTION

A sensor 10 is shown in FIG. 3C and 4 and a method 50 for manufachuring
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 sutfaces of a pipeline, a sensor or a plurality of
- sensors may be posntloned proxumate to critical areas of elther surface, such as




8 January 2007 each bolt of the joint along a

.pi peline. O course, there are many nore applications

that exist where the know edge of the direct cont&ary2007
pressure between two surfaces in contact would be
beneficial. 5 The contact pressure sensor is based on
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agttlpic’po Ssu%gggt%_réo, la ?sra Lgc%f 3al layerqﬁat lg %ggr? e 8 r(1iurmg ¥1e process
of transfer of the process post structure 8 fo the sensor support wafer 40
discussed_below. The sagcrificial 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 acis 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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in the process post structure 8 is deposited onto the
sacrificial layer 22. The 8 January 2007 6 supp

|l ayer 24 is a material such as GaAs with a thlthégﬁﬁyzm”
of but not exclusively 30,000A. Athird layer 26 that
acts as a pressure sensitive layer in the contact 5

pr &4wortdayee 84 dr a Gtdrial sighasi Gats with ikickngsp of bu noj exclusively
244 pressure sensitive layer 26 is a
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Referring to FIG 2, for a sensor requiring other
sensi ng nonitoring such as tenperature conpensation
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t éfﬁ?sﬁilétdibﬁ\e? GikEAdthY fayed D8 i GHONH OF b¥FodiY RfireSy drito HIEEN
gér%@?ure sensitive layer 26, which is undoped GaAs with a thickness of, but not
exclusively, 30?0001\.- A temperature sensitive layer 30 is grown or deposited on
the insulating layer.28, and is n-type Aleaj.xAs with a thickness of but not
exclusively, 10,000 A. Conveniently, by selecting the correct value( of ‘X in the n-
fype AlxGa1-xAs the sensitivity of the AIGaAs material will either be pressure
Sensitiveor temperature sensitive. The conductive layer 32 is then grown or
deposnted 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




30 deposited on the tenperature sensitive layer 30 in
t he sane manner as descri bed above. It will be
appreci ated that the values and choice of nater[%ﬁ§9?7?007
used in the above enbodi nenys are provi ded as
exanples. O course, depending on the - -------
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structure. The new substrate 40 may be any type of
material that is nore robust than the first substrate
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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 arficle,-Demeestef et al. “Epitaxial Lift-Off and its
Applications”, Semicond. Sci. Technol. 8 (1993) p 112411 35. 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 gxclusively a polyimide, wili need
{o be deposited fo 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 insuléting materials are more brittle than .
'conducting metals. If a métal is chosen aé a new substrate a coating of insulating




Applications”, Sem cond. Sci. Technol. 8 (1993) p
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layer 30 to monitor changes in temperature.

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




al igned onto the face of |ayer 32 dependi ng on

specific applications. The neander |ines may be

termnated with ohm c contact pads 36 which may a|$0mmmy2mﬂ
25 §&ive "as bond pads for fugther wire bonding.

Connection is made to each end of the said nmeander
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After t i on of e sensor devices,

t he
ecieen rc@smheddprelntf@ mseé of psluétf@tpnawoa\sénod'f'cam“s may
pr é
boﬁ%ﬁ%‘ﬁ'@ b BRI el oFtheendhARORTRIY 1
S elnsemtlon fis pot ligdiettexappt byibe appensieidglaimst hat , al t hough
- specific enbodi nents of the invention have been _
descri bed herein for pur poses of illustration, various
nodi fi cati ons may : '




be made w thout departing fromthe scope of the
i nvention. Accordingly, the inventionis not limted
except by the appended clains. 8 January 2007 I mmmy4??
CLAIMS 1. A contact pressure sensor conprising: first :
and second contact surfaces for being subjected to a
contact pressure force andqgounter-force

cumameectively, the first and second contact surfaces
bei ng disposed substantially directly opposite to
each other; a.substrate di sposed between the first and

secand CW%(ﬁﬁéct%%JsﬁFete:?énsér EQ&Pﬂ&E?W essure sensitive
P

conprising a material w ‘ezo-resi stive

| ayer g
©opr ggﬁtﬁ"@ss,e‘:?ﬂ@ coptachevrfanession beingesubjadtect td aymntact pressure
forbaa ; . )
orb@\dntigcaurit@lfordeCreshbstively/, QhQ'ff@teér?dq%?cg@g éﬁgaﬁﬁgﬁﬁc%?bemg

di and <£e| n% dj sposed between the subs
ISpPEREdBybstantiafly disectly QPREPiE? ta ech elhen di sposed bet ween
t heacobswgtt dRpRESY hBWERNThe ke ahﬁ%@&orgﬂgohtéﬁgurfaces;

substra}e the supporting layer havin

| at Bi%OBIach PrassHres sonsitiverlaverocamprising a trhaterialositha plezo-resistive

propeftRSUTIR Soiddt ipreutd¥&siti oV I SRO
préur¥Sitsitiva lﬁ?é‘lq%dgv% l%t%ei%tr@dg?{% A‘f’!ﬁgrent to

en the contact pressure Sensitl

- bet
theg F‘H‘\%A%ﬁfaé%rﬂné'c elng, digpesed; hatwaasy e substrale antt the first contact

surfcessure sensor is arranged such that a pressure
resul ti n?_fromthe contact pressure force and the

couh BRI theeyecdispased hetweenthe eantact prassurs sensiiveUuayer and
the Sabsirate) thd SPlorting ﬁ%{iﬁ;@é ieL di i
e erein the s.ep(r)t;]ng lgg%t act 3? glgé%ég%ﬁégf?tgdecgurgléltggg?f the
conlack prassyre Anshivedaesice of the substrate facing away

f t Lii A L
B etk e o A
a"dstﬁﬁ%bﬁttcpﬂﬁctwacei and seni -insul ating or insulating. 4. '
A o chi f. ¢l ai 1.1 '
¥HETEIh ﬂffécﬁgﬁl'agﬁ g?&gg&%/ saiSor s andhbBd such. %wgg;gr!pgsure

the materi al ntact. pressure

- resyliingfrom the contaatpressise dorsatanirtbencouhterusce isl dpplisd adfoss the
rconﬁﬁmﬁ@sﬁ@%ﬁgfﬁ%ﬂ ple. 5. A sensor according to claim
4 w ' e na

ereint t rl'al‘ of the contact

2. . A sensor according to claim 1 wherein the second contact surface
comprises at least a portion of a surface of the substrate facing away from the

contact pressure sensitive layer.

3. A sensor according to claims 1 or 2 wherein the supportting layer is

semi-insulating or insulating.

4. A sensor according to any one of claims 1 to 3 wherein the material of the
. contact pressure sensitive layer is a semi-conductor element from columns llIA and VA

pf the Mendeleev table,

| 5. A sensor acco_rding to claim 4 wherein the material of the contact
- pressure sensitive layer is a temary semi-conductor element from columns IHA and VA
- of the Mendeleev table. - ' | |

Amended Sheet .
IPEAJAU




pressure sensitive layer is a ternary sem -conduct or
el ement fromcolums IIl A and VA of the Mendel e8
January 2007

tabl e. Anended Sheet IPEA/ AU - - - o
............................ 8 January 2007 11 6.

A sensor according to any one of claims I to 5 wherein
the material of the contact Ifressure sensitive |ayer
conprises nore than one |ayer of dlfferent el enent s
fromgcol u h eev table, 7.

e foaihol8 sl ohy 8t e LE howithe fsterial of the

sensor according to am
CRNErtPRsIURR Sefiiver lawer edmprises cooreahan PhEeIeF F different elements

frserwmnnnsquhemeﬂméf ' i um Arseni de
(Al GaAs). A sen@o&%@%or to any one of the

precedi ng cI aims wherein the rraterlals of the

[ nsu‘ratl OA GaAs) and. the ]

c pn.dﬁqt ive éiegggr: ab&)r&?@% % l?lﬁ']qﬁ? goé?ﬁegfgg( elging) wherein the
arqsgumseasr;wedaxaems AluntnimEaslind BrsehMeTBIGaAS).

wherein the nmaterial of the substrate is npbre robust '

t han, a rraterlal which is lattice matched with the

contict [ $€8%AcacpENdiNg toy@ny ayer of i prece@ing Mdlaims wherern the

'mateﬁars 6fﬂﬁrh§mﬁlh¥r | ai further
{l‘r&ahsr n erlgtbuptgﬁs&r §{rﬁ? \@gﬁ\ Fr{ﬁgppn@cgve layer is
' %”Hd?J( resistive properties sensitive to
terrperature and di sposed between the first and second

contact . surfaces, the tenperature sénsitive |ayer

havPng aA 8ENSOE @ceardingt tor anydioht esfetht pr@céd’h@ claims where dn the
di spose

mastlapbf 186 Subdtfifh R R R
et ween t he tenp@%?%%dsggﬁgl Ee f ’5‘/&? ‘Sd jcq metched with the
coripet egnsuressensitive lagen. ayer wherein the additional ‘

insul ation |ayer has a resistance greater than either

of the tenperature sensitive |ayer and the pressure
senit i v sergaseccording fo SRR ofdles prfededlﬁlg élﬁin%rtﬁrtﬁ’é]'ecoﬂfpnsmg '
the precgdibp er‘é'uﬁ \/v{;ieé ﬁlﬁn a, nmeander pattern Is
etched on t h con Y]L, haying @ imateria) swith rriezo-resistive
fggs?}? genative tzﬂemmt”ﬁaﬁ%ggpgiﬁfﬁw@?igiﬁﬁt arrl:izsecﬁnd contact
su qne fi&ﬁgé {9 LRsifh \.rey fayer havrng a lﬁtlce structure different to the

substrate and

| an addrtronat tnsulatlon Iayer disposed between the temperature sensitive
E layer and the pressure sensitive layer wherein the additional insulation layer has a
' resistance greater than erther of the temperature sensitive layer and the pressure
sensitive layer. '

11. A sensor according to any one of the preceding claims wherein a
meander paftern is etched on the conductive material to increase the sensitivity of the

contact pressure sensor.

12. A sensor according to any one of the preceding claims wherein the
sensor is arranged to withstanding contact pressure of greater than 40 MPa.

. 13. - Amethod of ma_king a contact pressure sensor comprising '

Amen(!ed Sheet
B IPEA/AU.




sensor is arranged to w thstandi ng contact pressure of
greater than 40 MPa. 13. A nethod of neking a coptact
pressure sensor conprising Amended Sheet | PEA/ A a@“arymo?
January 2007 12 providing a first support substrate

and a second support substrate, each having different
lattice structures; forming % process post structure
conp"PYdliRg 2 fslsuippeit sybsirate asdihaetom $uppert bstdts, each having
différemttiatistrftAlcturéyibst rat e; depositing a pressure ,
sensitive |layer having a material with piezo-

r esi'SMINGa BrAsHes Post stre@dweicompesing: pressure applied to

t he cont aebo [ on.th )

noul At g e R SR aer o S e b v ng

a latticECBeSUNSt @r presauref sensiive t laper hévéing ex anaterial with piezo-

resistet prabertiee Néén bt C tive layer on the '
_cont cﬁ%tb r_essutgmg(gﬁgi %‘]l%\g/se&ﬁa aé}g)(rﬂggotf) € %Waﬁ%tpﬁ?é”re sensor
dispgrrdien thegsylaionslayerothe prassure sadibrer laye havinghs GRE®Sstructure
differsit thah e §dboBd KL SR H’%n&i rst substrate to the second
substrate. 14. A nethod according to claim 13 wherein
f or ni ng 9ERABKIEE Scopdudtive fayeronithe contact resswrermpniit@Sayer for a

cortiap@i dontHat r BaCddnkbchqd | ayer on a surface of the
first sup ort wherein the sacrificial layer is
di sposed¥stafiu the, gracesss tpostu btetatirt efran cthis Hiiest substrate to the
second blitian | ayer. 15. A method according to claim 14
wherein transferring the process post structure
further conprises renoving the sacrificial layer from

t heygr o Q@ﬁﬁt%ﬂ%c@r&]gﬁﬁé ¢elin 13 ir&'éepﬁn Fo%%n‘n?ﬂ% %&)%8%9? éﬁngg §tgt?cture

; ﬂany‘ one of clains o
urthes compriser-depasiting it sasrificialriayer vass suttee of tthe @rs@ support wherein

the E84HA6A ensi L Vi, N terial with
° pi ezo- ﬂ?%%?ssélg e egrbgg%éreﬁ ?{@éﬁ%g S'H?@@r'['?éh? Insylation lgyer.
~di sposed on the first substrate; and depositing an

addist i onalyai j aver di,sposed betyween the ‘
t eﬁgér atrA ubgi@gnuéécgﬂﬂ\q}@ koay@m iﬂ dﬂﬁﬁ@" df@g&'@ thenpiopespepost
stugtiiedushesicomerisest remosiingithe sevaficialilayes Froi tAE phetess pbi Strécture.
resi stance greater than either of the tenperature
sensitive layer and the pressure sensitive |ayer.

| 16. A method according to any one of claims 13 to 15 wherein forming a
process post structure further comprises:
depositing a temperature sensitive layer having a material with piezo-
resistive properties sensitive to temperature disposed on the first substrate; and
depositing an additional insulatiqn layer disposed between the
temperature sensitive layer and the pressure sensitive layers wherein the additional
insu!ati_on layer has a resistance greater than either of the temperature sensitive layer

~and the pressure sensitive layer.

| 7. A method according to any one of claims 13 to 16 further comprising
etchmg_ a meander pattern on the conductive material to increase the sensitivily of the

_contact pressure sensor.

_Amended Sheet
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~17. A nmethod according to any one of clains 13 to 16
further conprising etching a neander pattern on the
conductive material to increase the sensitivity 8dfnuape2007
contact pressure sensor. Amended Sheet | PEA/ AU 8
January 2007 13 18. A nethod according to any one of
claing 13 to 17 wherein the Witerial of the contact
presd®r e Adnpihed gecordingeto any anef wlain® 13l tct Dwhek BB imaterial of
thbrRfMtaePpiédtifre |sbhs‘}ti\%rlgyer\@a Qendi- nti{rt?oqeéie%i%\t ?%mltgjlu;%gé A and

t hod according to any one o al Ims
V&Hg&@ihﬁeqq?@eﬁﬁ@?-i al of the contact pressure
sensitive layer is Al umnium Gllium Arseni de

(Al GaAs) ., 20. A nethod according to any one of clains ,
13 t-19 Avmethadacerdingde eny ane of claintsel BteciBneheseih she Afaterial of

thé orsthét ek i bl : A 0
ac?:or diﬁrﬁg t oe iér?f/;ﬁlgﬁ g&%l;é %‘f@ﬂﬁ@ﬂ%gﬁgm%és%dee?@iﬁafﬂe
materials of . the first substrate, the insulation

| aye@n. angy i@ ' i S.:Gal . Arseni de .
(Gas). é?zt A_°ﬁ%?ﬁ%*§*‘gg‘§%¢l§? 'ﬁ%m;%a'gﬁyhéﬁgb&‘fheﬁ'%&%mi‘?"a' of
the $pcond FHbsteatsis different knsibe first substrateged to wi t hst andi ng
- contact pressure of greater than 40 MPa. Anended Sheet

| PEA/ AU . '
21. A method according to any one of claims 13 to 20 wherein the materials

of the first substrate, the insulation layer and the conductive layer is Gallium Arsenide
(GaAs).

22. A method according to any one of claims 13 to 21 wherein the sensor is
arranged to withstanding contact pressure of greater than 40 MPa. '

- Amended Sheet
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