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Pl EZORESI STI VE STRAI N CONCENTRATOR BACKGROUND OF THE

I NVENTION I n pressure and accel eration sensors, it is
waleacnedst o produce a rel atively |arge signal POWMER2005/043259

froma relatively smal | am)uqt of energy absorbed from

the nmedium The goal is to m'nimze the nmechani cal

[ pressure sAlbAARESREHET: STRAINCON R RARAR

medi um as pressure deflects a diaphragm Cenerally, a
BACRGRGIEND! OF Toi-edENTIONe center and its ends is

pl aced across a di aphragm Gages are placed on the

pl.ane surface opposite the notched bottons. The strain

ofin Prr&syse AR RFelsEtionSersof it Aesited taprodues pieslatyglydarge signal

pove PSSTBEAT S  BSHRBhE ) BSOS For RERBMD, T oo

mininigs ﬁlednédhemt:sl ehetggtnevessirg td ps)dneef edesieeé ofipatrggndoin pressure

h [ f h
sensogs.),( 2 s?rﬁagfg L %nﬁ }ugbgssé'lé%gée ﬁggtrsglsr@%a &Sﬁp EGgrtlerally, a bar

deepl$ 'nBQﬁed & RO &Gdr aﬁg its eﬁ@selg IBFEd acriist Ehdlgl]g}ﬁ‘aé}h ges are placed on the
carrying the transverse | 0ad and the gages nuc
planefsurfadeaappbsiterthe hetcheslibattomsaxiihe strhind itk epdingrar isheoncentrated at the

bottoff 45 Fs RiteR e et aln SOfs ROEn SISO EL BPB 4t Pyr ipn field as

the scR¥NEE St dSRIIEGQEIati O o i reREdhcB Eraliel Fob eGdinSI8tSdtkucHiré Yhat is used
via a small physical size. A conmon approach taken by

featurgs geges chal peereiched froe dfpsel theshbstratesovss n clagtichiage, @ s-called “freed-

gage. 5 a\Xlﬂﬁ tl{eI helllg %rrﬁﬁ t | rt]r?itrq%vl%%r g(ga% %qﬁ gag:eg Hl%%ﬁ Iflgrrt]lie? ﬁtothethe neutral

axis Wb&ﬂdlﬂgthaﬁ ehe/outé&it sm;tﬁédsroii theEAgS tﬁwg&ebbﬁﬁmﬁdm hlghly strained

concentrate strai.n in piezoresistors, hi
materigl e Jibath the jogelersting and pressughansers eificksagy sermyis histusrgsisiyity via a
smallﬁpﬂgs15£§iz%t ance of one or nore strainsensitive

Istors excited by an electric current. Hence, in a
si mpl e pl ane di aphragm pressure sensor w th enbedded
g a?gwnmnu @pproficht takerpteyr mpefagtumnso fArdnsdudrsdrae heof totdnente a large
nt er %bro ht to the state of strain needed t

feld gffpiisd St Andin PR oy JeSOlR YRS AP A Gt Gpecs At sgpenient

size. Mtea{aﬁaaypétniatlﬁmﬁéanss hha@d Bben rmlsmoc&mééﬁ&afetsmmn%%élstom In
I s expended in the periphery and center areas which
piezoregisive sanaems, fgipbis. produced by changing the resistance of one or more strain-

sensitive resistors excited by an electric current. Hence, in a simple plane diaphragm pressure
sensor with embedded gages, much of the periphery and a broad area of the center are brought to
the state of strain needed to provide signal in the gages. Although gages are placed in areas of
highest strain, much of the strain energy is expended in the periphery and center areas which

lack strain gages.

In a freed-gage structure only the piezoresistive material sees the full level of strain; the
hinge and force-gathering structures are much less strained. Though the freed strain gage was an
improvement over previous strain gages, it is still not the optimal structure to detect strain.
Manufacturing tolerances impose a minimum cross section on the freed-gage; hence, for the
required signal power, some minimum amount of material must be strained. The manufacturing
process also imposes an upper limit on the resistivity in the freed gage, which limits the gage

factor and thus, the sensitivity of the gage. In addition, heat dissipation limits the length of a
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In a freed-gage structure only the piezoresistive
material sees the full level of strain; the hinge and
wo 2006060382 heri ng structures are nmuch | ess str aPeEUS2005/043259

Though the freed strain gage,was an inprovenent over

previous strain gages, it is“still not the optinal

structure to detect strain. Manufacturing tol erances
devicq, gusbcthatdherppgesumst bosiched barls Andforihiasrass a gap g¥gfer hinge until there

I

s enof 0GR 19 okt ERMEERA AT, ARAS harp I MR 2 srcs
conceftt NihgSHruatusothanpes@med thayhoetrconiings ofdhe froed-pagi sttuctird. y

in the freed gage, which limts the gage factor and

t gAY of the gage hi addition, heat
M&@@&i‘éﬁﬁi@h e length of adevi ce, such t hat

t he gages nust be stitched back and forth across a gap

OYRE presdtt HORnHOHA tlatbBrBstiath RASHIOcleRleAd fok @8MM deVice that senses

gi ve the needed resistance. Thus, there is still a
mechamécadimoyementsfag leastdwa celativedy meyake parts andecopierts that movement into

electrig\?/lro ugFZhe gwg%@%%o%” Ss%@?%%@%&%@%%mstal material. The

substrht@\ifdlidedn dapledtedling@cisSh paidtion $igsedfland @ cedss¥eetionf thiit extends

use in a_device that senses nmechani cal novenent  of at
across the, §2p, dgEning thg jelabv § mayeblsparth ant lsag oge 8GRI SpRsdtiyaplgment is

ty I
provi GBI QUSERE G B ol Sy RSPl s acrss
the gap LTkt nedkepdrtich ofiths s@aigapnsititearheinery isuppesedona straio noncentratmg
t her eo and cross-sectiQn that extends across.th
structyyR 1at dsp ERITAGS F4TCSRET G VEPerAUg DufoBe PRI SIRponyTg di verfigal walls
extencﬁﬁ%ﬁi the 3 %édti\bﬁ aEIHRHRE of the PAPMIAAS deVed! fa6in $hd dabRmaterial as the
strate, having two end portions and a neck portion

substratea Elemodntwans ﬁk@stslcalthbccgmpctefr tetha end pgmons aie podvigdérbto detect

strain, sensitive erren i S .su orted o
changE S P e Brars e PAREES s Radh ABlSh frgubiected o
stress Gffhe dHOQGH &R dhreANGeRighdhd i §eniigitye ERntbAS théEfckiilésdrom the

wal | s extending to the cross-section at the base of

relatlmheo‘g:atcnaﬂﬂthﬁ sulsereionagtsf Froone amebosiimentniie silican sghstrateds oriented in
the (1 f(ﬁ ep%ane?nﬁ Semp %c—és agl(rjngtyré? %@Et&r g v? i tg;egf%l Xe Sgtg%geg&ﬁ%lt aﬁgned in the

[111] Giredliohlaﬂaboﬂh@ﬁblﬁg apepdahpein Ihotid enmbtunmma the\kilcon substrate
neck 8ort|on iS subjected to stress in

is oneatqdéethedrt O planeandrconrist Rl IS MPHF Y Wit gwsﬁtr@twnsmve
elemeﬁt @(‘i i @1@10(513%‘1’1]65%&:a[ngr@on%%gls&%ia&l' . F%’gt of the
rate In one e I ment

substrate is oriented in the ( 110) pI ane and

C bmurqtm sspct of thy pevehtigyat egstwivo lstréihsessitied glerments ceringeted in a
series are pr;g\r/]ltdeg %16 5111c0rr]1 stugs%rate and are supported by corresponding strain
concentrating structures of a device that senses mechanical movement of at least two relatively
movable parts and converts that movement into electrical output. In a further embodiment, six
strain sensitive elements connected in a series are provided on a silicon substrate and supported
by corresponding strain concentrating structures. The strain sensitive elements are heavily

doped and have a small cross-sectional width.

In another embodiment, the device of the present invention is made from a silicon
substrate derived from n-type semi-conductive material oriented in the (110) plane. One surface

of the substrate includes a triple-bossed diaphragm. The other surface of the substrate includes
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[ 111] direction and conprising a p-type inpurity. In
anot her enbodi nent, the silicon substrate is oriented

WO 06ke0462.00) pl ane and conprised of a p-type POPUSI00043259
with the strain sensitive elgnent aligned in the [001]
direction and conprised of an n type Impurity. In

anot her aspect of the jnvention two strain
four gapsExtending asressra PP Kl fubstrats dsfa Iyag p %xw%cre?%sﬁca% and the

relativ@ndvagbig! gh§ Ofpup Q{?&l'hrs@ﬁs‘?tuﬂﬁ'@erﬂélﬁ HQ B &Q@ﬂd&y on the 5111con substrate
correspo ng strain concentratl structures o
around! thei gaps, tehelt ste@mnseasitive e}emnthdvmg)wmrdtpomﬁorzstmtlemanedt@d)by an

X atively povabl e rts and conv s that .novenent

intermegiely RACE EDRIORARAGIDL AP Sdhs SR HEACh BoATHERYS SBprted on a

corresB&ﬁcﬂhQstﬁa%‘ §6ﬂcbﬂ§atﬂg%%%& RAVRGHIS dcros e $8P 'tf%% h& Fertical walls
rovided on a silicon substrate and supported by

extendiug foetbp orvds-pegtion atiha bamnfem gt andgs demvedtfrone the shive material as the

str nsenltveee areheav doped and have. a )
substrg 0 B H Y VST TR AP LS G L materal
and oridh@edi@\thCH 10 dikdt@ioR ramhedtéwm brdbel csrcidth 4 pRIRrAed embodiment,

silicon substrate derived from n- ti pe sem -conductive

the bridge eir¢wt isgr\Vaeatgendg brlctgqemreuli 1Bleciipdmmeansneleetriegllceongected to the

end porj[" ﬁn é"r? Vg%eg t(b) ggét gt u%ess tnﬁ ' !ét%lc%lg %e%%olﬁe?\pé&gt% exTchSortlons

when Eh?étrﬁﬁld pm@oﬁs resabjactpdtd dtass i the hﬁecsmbs)tfmuﬁeﬂethmngm thesstrain
flexible cross-section and the rel at | ve npveabl e
sensitiyg elegnentsdhipt regultsfipms s gelpfivemay anei of fgispisteyigparts. An insulated

crossoveL %ﬂ BEdutiiratd 1R le{/&%@tmir{ %Bﬁtl% RGNt 8&Pthe strain sensitive
each strain sensitive elenent having two end portions
elementstie n badgecitadt soquenae surhehatedjaate legsalf tiwobridgerhavk apposite senses
extends across the gap. Each neck portion is supported
of straffhy o correspondi ng strain concentrating structure that
extends across the gap that has vertical walls
ekt SHdthR 9mbBdinitat, CROSSIaRtInaR Alefdréite Qﬁﬁ@y @fcabtmee 8adference
and is derived fromthe sane material as
pressusg iyt is adeptedrfoe depasit onta catheterdo seasure ﬂéldenféwurepau rs
derived from p-type sem -conductive nmaterial and
ori ¥ ] .
o bE LR LR A My 56 1 00008 Aoy fanica
input midr auvérting neeckiréad] stovemehtr o fdgy &easti tvourelativdly aﬁivlabkéeparts into

ans, electrically connected.to the end. portiaons
electrlﬁ'fﬂmtra%d b%n@&lwg&pnwwa?fag BHiEAing LIPICHATel Gemay Rl e diaphragm

and st "ﬁ%g@@ﬁ‘w& RRnfAR a?@fatbheﬁéd an‘? é%nlaﬁ W‘ﬁ&kfopﬁfeEhé?P&l figfdity of the
subjected to stress in the tion of a current

sensort Wafer) gh ghing asd bending thesetsoy encb$wpentv@f¢rhmndr®slm kaastive ion etching

(DRlﬁr)ﬁE fllgP eaﬁ'aﬁﬁ Ist\fa%nrggr\l/s?t?\%ne ementg Qr%ass SotnE: %t Bo 1men% of th f/_\g invention,

the sensor wafer is made from a single silicon crystal of an n-type impurity, having a main face

with a (110) orientation, with the [111] direction identified and two flat polished sides having

thermally grown oxide on both surfaces.

A method of fabricating the sensor wafer comprises: heavily diffusing p-type boron into
the conduction areas on the sensor surface; photopatterning the surface and opening links to
strain sensitive elements; lightly diffusing p-type boron onto the strain sensitive elements
through areas opened on the surface; and deep reactive ion etching the photopatterned areas to

form the diaphragms and structures supporting the strain sensitive elements.
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crossover on the substrate at the | evel of the strain
sensitive el enent connects the strain sensitive
web@amai4s2 i n a bridge circuit sequence such thBtT/US2005/043259
adj acent | egs of the bridge Eave opposi te senses of
strain. In another enbodi ment, the device includes a

reference cavit 1@&&&&& a reference pressure and
BBﬂﬂigﬁééﬁgﬂéaﬂﬂ&ﬂiﬁﬂ; catheter to measure fluid

pressure. The invention also relates to a nmethod of

f ot fo‘?@%dirgggarﬁl frok! o(‘t‘)gﬁcts‘,) FeaRROSINARAVERAAR 0T fle ihPRHondR be

converting mechanic novenent of at Teast two
apparene fratni the ffyllawiugnioee patitidar desariploactf prafefredernperdimefiisef the
s BEWRERS 5 s 8 AR PSR TE I B Rl hr et
the sarh8 BatCREAENBRNhE JTRRRR HewdR ITRE dtAVinBRLB A0t fddlesdatif) @istMe,

of "the sensor mafer;_allgnln%wand bondi ng the sensor
emphasisdnstegsizning magadrupon altustrderpthe paciplas of dre iavetiiong

(DRIE) the diaphragmand strain sensitive elements

a . Qne . | of. Jd.nvent i qr

BG5BT PRI Er e ekt it s pl g EE Rt the present
inventfont iyt ehi e sik e \strataehdigvedel ement ahd @traintdonaer(tratih@ support structure

orientation, with the [ 111] direction identified and
are depiggpdonghe pisiralied si des having thermal |y grown oxide

on both surfaces. A nethod of fabricating the sensor

Waf(er ECRARN 4w B perliR@iid ¥f tHE Ef¥ShiRRnPmiBIEE 1 RHa9hg BdkiPelectrical

the conduction areas on the sensor surface;
connegtinos opdhe Bxati nde ofitbe demiéeace and opening links to

strain sensitive elenments; lightly diffusing p-type

b onto the strajn nsitive .elements.through are

oblSHedS i i ahonedtive o goend.cmiodiitale heinVertipih htch two
strain §diBitivE Qlcpitatd iflaneHedraReit Cortd3pOAdIRE stekipBi R TBti Y Whpport

structures supﬁortlng the strain sensitive
structuspsedre deRICRRIERMOROSIMPTI ON OF THE DRAW NGS The

foregoi ng and ot her objects, features and advant ages

O V |. . r‘ . o . .

EIG 0, 1AL Bty Ot SRR Etodlh Aok 1 h OO Ghich four
pair oftdtraitheenkitive aleinents and thdit costespdneihg strairheormentoatingrsyppagt structures

ramﬁnﬁé in whi.ch Iikﬁ reference characters refer tg. .

extend IoEPRSHFRLY BETOFS oBh RS P HE SRS A cars fppected iy bridee circuit

drawi ngs are not necessarily to scale, enphasis

| PRY. e3flis R o rfdsaeesbrdP oiewl dithséhBd diment iR F1G! 3 AGidRlgeRe 3B line.
of the invention.

FIG. 3C is a side cross-sectional view of the embodiment in FIG. 3A along the 3C line.

FIG. 4A-4F are views in perspective illustrating a sequential process of fabricating a

sensor wafer.

FIG. 5A is a cross-sectional view of a fourth embodiment of the invention of a catheter

featuring a pressure sensor to measure fluid pressure.

FIG. 5B is the view of the back end of the embodiment in FIG. 5A.
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FIG IAis a viewin perspective of a piezoresistive
device in accordance with the present invention in
wokioehe®ssi ngl e strain sensitive el enent and aPCT/US2005/043259
strain-concentrating support.structure are depicted on
the substrate. FIG IBis a %IEMIin perspective of the
enbodinment in FIG 1A having both_electyrical
chith&ds p s1ds conssspeionphoagw of @ée@POQIH@nH%{}#e gvepfien inpwhigh six
r v,
strain ?englltlg F%eﬁleﬂﬁ, 1\17[\%%8 éstatfv\g‘?lg%n?%q?ﬁe%g 2L I?%]Q rrgﬁ{lté élnkﬁlp%ort
structx&ﬁareﬂemntedbhehefsubeurattespondl ng strain- concent rating
support structures are depicted on the substrate. FIG
r a third enbodi ment of
DET b 8 ﬁﬁﬁigﬁﬁlgiﬁr of strain sensitive
el ements and their correspondi ng strain-concentrating
SN RRSrptidh ol Bl refreX ERPEIINRARVF thevigh dhtRaTEBGVS. ORéferring to FIG.
gaps that span the substrate and are connected in_ a
1A, thereiigi @r@vm : m@mreswtn@ degigeil§, iugiragiag éh%@yerﬁm Watha sigoggubstrate
1 havis o 4B P ERRRLAT Rl o S Qb B8 st g ool vigin eap 2
is a fldkltte crdés-sdcting 3itha spiasidap@. Asldan bééee‘hﬁna?le ‘llA;i‘Mﬁedld’portion 4 of

perspective illustrating a sequential process of
strain §egpitive g{ep]@gt 14 extprds ovaRgapy 2, SppRarted gnjasstrgin concentrating structure 5.

Strain gérﬁﬁ?ve%?&ﬁér? ri@'ls i\ébﬁi’gdqon?thfe%[ﬁ J;‘f tﬁgp@c@krgﬁ:rl& hﬁl&tlon The
I nventi on a cat heter eaturlng a pressure se SOor

strain semsisive elefrient 44 paretsslighely depl e.5Bwiith Hohen toi 2eswitabletdepth such as about
back .end of the_.enbodi nent

2 micrgi eGPt SN TR C LBl iR orieciends PRy BRTnaH 6 and 9

at eacll éhdMﬂé&Bf A Rer®div BlyNinSEGS 1 Bibth SLQABAcEnhettiBnSHEI08% BRM end of
their correspondlng strain- concentratlng support

the dewite, subsiragsemnsl €. delpnistcoutaots 7tand 14 v neaatlee ermEifAulmrate ends 12 and

13, resBch*vglyr Lawg Stav-léglg H{e’?‘v N-E%nﬁ uc ‘H@’éﬂf rhg ﬁul? g a Ov%n a movable end of -

the sutReheY, Eib3fate@nlfl1$ pibAredii6 1 ik Somtteivd (& aljah® bRSIiSInYR! 8.

device 10, illustrating the invention, with a silicon
Functigpg) §pmgﬁc§0115 tom«;ﬂorfglsgpraéﬁlrezthgg pamig qqq)@acﬁse] laand\&ony substrate end 13.
novabl e substrate ends 12 and 13. Defined within gap 2

As will be appreciated, flexible cross-section 3 defines an elastic hinge 15 that is parallel
to substrate 1 and determines the direction of flexibility of movable substrate ends 12 and 13.
Force applied planar to substrate 1 will cause substrate ends 12 and 13 to tilt relative to each
other around hinge 15 of cross-section 3, creating strain on strain concentrating structure 5 that is
transmitted to neck portion 4 of strain sensitive element 14 and sensed electrically via electrical
pads 6 and 9. In particular, changes are detected in electrical resistance when the neck portion is
subjected to stress in the direction of current through the strain sensitive element that results in

the relative movement of the parts.

Referring to FIG. 2, piezoresistive device 16 is shown with two strain sensitive elements
23 arranged in a manner similar to that described above. Substrate 17 having a gap 20, spanned
by strain sensitive elements 23 are supported by strain concentrating structures 24 that are
perpendicular to flexible cross-section 21 which defines elastic hinge 25. Both strain sensitive
elements 23 can be lightly doped to a depth of about 2 microns. The dual strain sensitive

elements 23 have individual electrical pads 26 on substrate end 18 and electrical pad 29 on
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is a flexible cross-section 3 that spans gap 2. As can
be seen in FIG [|A a neck portion 4 of strain
W@ e0si06482 el ement 14 extends over gap 2, SupppCT/@82005043259
a strain concentrating structure 5. Strain sensitive
el ement 14 is isolated fromthe bulk of the substrate
-n_junctjon. The strai.n sensitive el enent, 14 can

by a ( . : "
SUbStf‘Hé epd g?n E{ﬁcmslemﬁdé 2§ havegledinierl capfagtdeaniags 24 pogitigegst thereon,
while S0 A5890 on D0 OREK ARG 28 Bl by i 2
and 27omaynte Soraposedofimerad. t hereof . Alternatively, in Fl G I B
both el ectrical connections are on a fi xed end of the

gﬁfgf Qﬁhg‘%g E%trﬁtsgﬁ%gqu gfeéogﬁlgﬁv o 3ﬁ1 g/hlch s geplcteg with six

strain Ee@ﬁf@i@@ EleWRhis 750 a%ch gtrﬁlﬁtsmﬂ/etél‘ﬁﬁéﬁt li‘sﬁsdﬁﬁ@ﬁét%ﬁ ¥ kbr¥espbnding
the substrate. On a novabl e end of the substrate,

strain smt@sntrzamg sta"ndun_<37 4. phnélzle ﬁelbpémmnt Frainseputivrdemants g5 are preferably

ct. 8. Fun conn t|on
heavitGHhSERREN BOBh %q § BB aliroitiie) Bitpish R, o8I figip sensitive
eleme@UBhhved Gerd @&am%msé%ewdnhl WRItROPR o€ ebdit @dnicdne Xfobltance.
cross-section 3 defines an elastic hinge 15 that is
parallel to substrate 1 and determ nes the directi

ofn FiFoReSStive 1‘19‘“6?5 Hou 6B 73 thestlicensubsienie aep bergiiented in the (110)
plane g%st rpg{%gﬁ le)ﬁ%‘ P igﬂ:q 8&9@%% Il{el%%rglrnéﬁe}gétl%ltee é:lt@féh%@aalﬁned inthe [111]
directioh bed canpused ofiapgypd bnmirity.r Adtsmatiwdly,ahe 8ilican sdisiratg of the devices

strain.on s in concentrati structure.5 that is . .
can besarigaiethif thec 1Y) Fletsangeniteediohs b btk aTRod Bt fpstrain sensiive
elemeﬁl aeﬁ%&t inkfle potd | aREGRH a8l %S&bhﬁé%'dﬂén\flh@?@irﬁﬁdﬂtycw pads

I'n partlcular changes are détected in

electrlcal resi stance when the neck portion is

sBeferbizaww v HiGSed4-3G, amezonisistive saess pneentraton B0 is shown,
illustrz%t%({e 8}? g E {1&6 m%aé ﬁ"olql s?l?&)%' sh%#reateei lerﬁﬂ,l ﬁglpaefl&r Et?e%y Br?clgiu%itor 30is

allve novenen art’s.

compoded pf BUOEESE Sdncehtratensl afeheliype shmmm L hahatt\a@: latds@bmed into a

sensitive elenents, 23 arranged in a mnner simlar taq
pressufgensfe S¥rqapdg sepoind [GsiBstchipiesd onronesideRf subgyiie %bls triple-bossed

dlaphr%@ﬁ%%?gcl)rﬁy osedl bRLIhAPRSS Bh fid BV & BRet lg%g ﬁlr &d%sp Ryt E%s extend

concentrating structures
acrossfagropgsrdofthe mbstmtefﬂlemchlthat ontes gas ¢ s cmltsl&e af mhercﬂmss 35, inner gap

defi nes el ast h|n th stra ensitive
37 is befvisrauier 5es r@lﬁw@?ﬁaﬁm o4 SRR P B 39 and
outer BHSQ BRURd OJEQP%M is %hfs?derbf%ﬁf@ bbdsVRa. eloRBRbS c%%dﬁ@i()% paths 48 run
i ndi vi dual ectrical pads 26 on substrate end 18

along elhtex:locrsse;saM qmchS.zg) torsinbls 47 angine 3 thed ext@hé atrpssvahpfpagm 50. In

resporisﬁ o) %I‘S%UIe'el z?pc 1iled & onecs(i)lrl-J agg tdlgpﬁ{argmn% %il?gefpe%fcﬁ Iw1 h cengral boss 33

moving plane parallel to the rim 32 and outer bosses 34 and 35 tilting relative to rim 32.
Turning to FIG. 3A, defined within each gap are flexible cross-sections 40. Four strain sensitive
element pairs 41, 42, 43 and 44 are provided on the surface of substrate 31 around gaps 36, 37,
38 and 39 respectively with each strain sensitive element within the pair supported on stress
concentrating structures 45. Each strain sensitive element can be doped with boron, preferably
to a level of approximately 3x1018 per cubic centimeter. The strain sensitive element pairs are
connected in an electronic bridge circuit sequence, such as a Wheatstone bridge, the inner strain

sensitive elements 42 and 43 wired to terminals 47 at the corners of substrate 31 via torsion bar
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while electrical pad 29 contains electrical contact

termnal 28. Electrical contact termnals 28 and 27
worayeloeossonposed of netal. FIG 6 shows a cr oSBEHES1008043259

of piezoresistive device 73, which is depicted with

Six strain sensitive elenentg 75. Each strain

sensitive elenent is supported on a corresponding
conduefiqnepathscdsnuieh thah adiaeens 1ags ef thedridge have epppsiteseBens; offémm and

changg' }nrr%élntaﬁfeﬂ Slggdl%tgd ?%@g@g} 3’? % Fgﬂﬁegft(l n@'{}ls?éapge%ﬁelt% of the device

as it rélated wIBrmalon@Mangidgh eirsiit. aAms@ﬁ s FIG.\B&\, eﬂeﬁﬁhmt@tzﬁe oa\o; either
a very small cross-sectional ol@§ of about
gragpsst

side ofhg F@li*@wtl%pathﬁ%@ 4rth leavingdhe dy oo Fé@s 3¢ The stress
concerzt)%i%;}q Be Eéﬁ?e dd tb%%})éé’rp §ﬁd; Rlréa Wmﬁﬁut%f fhe %?@)dm%nnectmg

ane an conprised of an n-type 1npuri
functidsensit beaprovled by tisingleedcampert stalctugeepblied to bhe termibal surface.
direction and conprised of a p type i mpurity.

rnativel e, Si ate of. .t he deV| :
ChieSshpled (E plnEehes CaE BT st i digphragm
occurspcfstcﬁé@cfi‘erHHHdS\}et YauldelbultdtQtrain s8hditi Sdletbnty 81 @h@ 4B B become
ned in the [001] direction and conprised of an

comprnSSteg ped thegondrsirainRensstive slgmenin/? and-4 10 begpmg gtregged, mechanical
moverg?rﬁ%ﬁ%t ?hselt psltazlq\égswﬁlvg%ﬁgm sgﬁ]s(l:t(iavr}:t %gr{ts g&eétsas %Qﬂ%%erlg treesmtance. Ina

evi ce nade romsiiircon su

balanc3d brifg€itduit) ﬁiel Mangd ih eSsistaRb das to ddflettiGOuntdl0ePhs ®eidge to
of four stress concentrators of the type shown in FIG

pfOVldEaflﬁéthr&}abo‘i‘tWétosﬂWat ed into a pressure sensor. As can
be seen in FIG 3B, scul pted on one side of substrate

SRdfelrhd ddvPlerieRs a@dsrd 'a‘%@iﬂeﬁggbf’& npsqg’ Wﬂ)r @dbricafihg Me sensor

boss 33 and two outer 'bos . Four gaps
wafer patttion @ f pazassistveapsiress omcerftratére3Os ubsiilustratedih, FI64A, & agle crystal

ntypeyliopmoERrTo ok B bde Hhes Vente L PAF L uS PR pffRed dces sain
the 19@%&&@@&3@@%&&&%&@&1 BRiATzed TayRPsh B4 HRN top @%Facd4nd an
nd outer gap 39 is outside of outer boss 34. Torsion

ox1dlzb@1laycbifdmthedwttpmtmfa% Inian exibodynentitthe tasashickneaa vapation of the

sensord/vagsxhlrs gé t?omlcﬁ?ns éésoc%ﬁrgg g%egle’gtfié Xt %nglrgaég E%avg déffusmn of p-

type bétonfigaRde Hit@ Bﬁﬁ@MQhVWﬂlﬂ sefl@fak e@ﬁduCWré bn tl&ﬂ;%ﬁﬁir sthdse. FIG. 4C
33 novi ng pl ane aral lel to the rim 32 and oute

shows{ihe Bleforpaterne sfst £ ﬁwtfaqﬁgnﬁ epeing ef the oxidsmfena hg}urqi\ffﬁsgon of boron
onto sfcr%n E&tl%leﬂs{tg Sgd ShgbdRRER, 9 Qéngltlfvls i 56 can be lightly

0SS-sect | our strain sensit
diffused with at least 3x101 8 boron, to a depth of about 1.1 microns and 265 ohms per square.

In FIG. 4D, the surface of substrate 51 is masked against deep reactive ion etching (DRIE) with
sputtered aluminum 60, and the DRIE pattern opened in the aluminum to form the diaphragm,
stress concentrating structures 57 to support strain sensitive elements 56, flexible cross-sections
58 and trenches 59 on either side of conduction path 55. Substrate 51 is etched with DRIE to a
final depth that is about 28 percent of the original wafer thickness. As shown in FIG. 4E,
sputtered aluminum 60 from FIG. 4D is removed and a thin oxide 61 is grown on the surface.
Conduction path 62 is photopatterned and contact holes opened through the oxide. In FIG. 4F,
aluminum 63 is deposited on the surface of substrate 51 to a depth of about 0.7 microns and the

surface photopatterned to define electrical traces 65 and thermocompression bonding sites 64.
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30

el ement pairs 41, 42, 43 and 44 are provided on the

surface of substrate 3 1 around gaps 36, 37, 38 and 39
wo empoei4sryel y with each strain sensitive el enePtT/M81005/043259

the pair supported on stress_ concentrating structures

45. Each strain sensitive el¥nent can be doped with

boron, preferably to a |level of approximately 3x1018
pérsupmm't wafes ncqeﬁmfor eehan el gigidieveand; elgofricab Femepition is also
ct.

fabnczggd ugl}]e?srél% §u c\:)\ha e S}? gorb@ @Sf% g‘gg{) %ng:%n %['* Eag%f &ﬁ fl-‘i%e impurity. To
form thé EcthpleRiGiotdsiktive devies) tise %ﬁscﬁlwhféﬁs wligreed wich ﬁhe rsﬁmﬂﬁ\i wafer and

47 at the corners of substrate 31 via torsion
the twp xyadesh Ehgempesmprassten bpgdedich that adj acent |egs of the

bri dge have opposite senses of strain and change in

' ngl 64 efiRoFhES

Rt 6 TICS TP Y o4 BB, L AR o e AR REst BRessure sensor

72 illustoatesdr embafimantufitigmventionuiA reféksnegeessire thbes/ 1 BApoxy-sealed to

trench are t on her .side of the gondugction
pressu Aeoq g 2 HHTIE TSR D pls6 SEA1 BIERR PO PR Eferengt dube 71

Silverated Eppet WRES 76 %@&ttb WrRfindIRYf ﬂ?@ssﬁ%’@%ﬁi&@ﬂ A fhce 68 of pressure
support and wired to a circuit, or the support and
sensor&@rme)cb@ eaptdduwidh o dns ﬁrhtayof mt@umv iAdeppbit veafericaglbe bonded to
pressuw {%s%r gsxg}e}f;lg%g?rvgc}es @g ht géj txagal %Plgn%r & nagn(?esuarnfdaacpelumbmg via for
refereft@fthiRe? . oTheddatidied capBe BSedab nidasurdifRphpragsroccur s as
descri bed above, causing outer strain sensitive

el ements 4 1 and 44 to becone conpressed and the inner
s 3ilH be aprrpeintpd fromethe discussiongfdhaabavs, hedwysation provides a device

and a @{){:@é %&dﬁabﬁ@a‘fﬁg Q'&é@ice DY @éﬂg@st mb&RAhichNRoPRER RS bStveXS that
train sensitiVe elenents detect as a change In
movemen‘t iistb @tecaical outputithtoapl e dtriinicdneentiatingisttucturh ¢hat hlmpg)ets a strain

eS|st nce due to defl ection unbal ances .t he br,i dge
Sensmt"% e{‘?f”&(ﬁ dENSIRVUOBIMPEOYES BYR! HOT BF&5SHMCIUESAR SFYeRY W?g’\ﬁ/ For

1nstan$é3 hiifESthe’raftf sen@tiS€ AERRREuBPorRddeRSa dtfairf BOMRnrRing support
fabricating the sensor wafer portion of piezoresistive
structuse pliminatsas nb@pnop@s opnsy@int Ay résistiyeyr altosdng theEpsdstivity to qnly be

constr%iggcgi)ﬁf%c{?}gég% t!nl_ aY g?‘r}aéi%{r Igf ﬁgﬁ% %?%B%flg? eﬁsrgﬂeﬁs r}j‘lgns%{)ﬁqorted strain

sensitivé @ﬁﬁleﬁﬂcdnrbetdb@ecﬂ with bblortit loetdr®i oRIRsk d¥abe fevElR®A tiaat of the freed-
t hermal oxidized | ayer 52 on the top surface and an

gage siuftyrez easultingdn hipbeniensitity it stigin. sinlkeds the Fegdhgage structure, the
matengf@no%' gﬁv\g#drteh Qﬁalh%'éﬁ%ltl\;zehél&h&ﬁ%‘%esv 1@ n%éd R)Q‘gﬁéteétaﬁn% and thus can be

choseIFfoﬁmc#Bdefﬁreﬁ pebdpentigsdiky altegy yaedi fﬁdtonsarﬂrmaéheml tgpetaarre toefficients
IS nade intg areas 53 mhlch W || serve as conductors
of resigianeqandgage factar, Hepee theupporigd strain sensitive element is heat sunk by its

support; the resistive heat generated in the element is carried away not only along the length of

the element, but also downward into the support. Finally, the strain-concentrating structure of
the strain sensitive element is much more resistant to buckling under compressive load than the

freed-gage structure, making it much less brittle.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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shows the photopatterning of the surface and opening
of the oxide for a |ight diffusion of boron onto
wa@eoaiosn4sensi tive el enents 56. I n an enbodi meneCT/E81085/043259
sensitive elenments 56 can be,lightly diffused with at
| east 3x1018 boron, to a deﬁ?h of about 1.1 microns
er square. In FIG 4D, the surface of
WHA?HSS&&@&@I&S masked agai nst deep reactive ion
etching (DRIE) with sputtered al um num 60, and the
DRI E pattern opened in the alumnumto formthe
di aphragm stress concentrating structures 57 to

support strain sensitive elenents 56, flexible .
choss- Adlevicsder wasing mephadifahBpubandponyeiting meghapicgmovement of
' ' : with DRIE
st leasf QLB RBY e THOTIECRAR) Syt SoBRIRE 1 |
original wafer thickness. As shown in FIG A4E,
spsifiten aubsahtayi num 60 fromFIG 4D is renoved and a
thin oxide 6 1 is grown on the surface. Conduction

b et B S R PSR IR ot prts
a flexiORRISIs! seeti i ext&Rih ERGR tvden STAB S sk &ction UetiPefré@Rthélsame
of about 0.7 mcrons and the surface photopatterned to

materigedsitheswistrigter i cal traces 65 and t her nbconpressi on
bondi ng sites 64. A support wafer necessary for
: > O i cal . . |
THSORTL Gl AL O ChFEIEO SRl BT 0 ol e
strain Snksitive Rletiiens halingtwaendpdriigres intepuonnécted Hyarf mtermeliate neck portion,

coanet% piezoresistive device, the sensor. wafer is :
the negyt pejtie DEINERURRAELCd OB PO WHER pt %ﬁaeqwst%ﬁﬁﬁéﬁ@ctum extending
across&%@é%@ﬁﬁ%& e%ap%ﬁ§9xterﬁ?ﬂ§{o_rth@ BrotsdetieRin 88 P 9nd the

cat hetér 66 enploying a piezoresistive pressure
structwe demved Ao thaseah@sriaras dresubistrateitandf t he i nventi on.
A reference pressure tube 7 1 is epoxy-sealed to

72 Sili | r 69 al so. | .
COEEH SnSBRiny S BTG, Bt L R u Rty Pl
electri6S1RBRStadeREv el tROSHISSIrtibi, WhEMihedesk Portidh @SSibleRted to stress in the
sensor 72. A face 68 of pressure sensor 72 may

! .E be
direction af 8 gumpntiihrgughths sirpinpenpsitiyeelementthat sessitp font thggelative movement

ded to pressure sensor 72 which provides
Ofthe%%#ﬂ%%@gt?'ri cal vias for the termnals and a pl unbing

via for reference tube 7 1. The catheter can be used
to neasure fluid pressure. As wll be appreciated from
t he di scussion of the above, the invention provides a

devi ce_and a process for fabricating a device that
SEns o TRESRAM e ol e Bh o B s faCihadehéd ihe (110) pane
and comprises an n-type impurity and the strain sensitive element is aligned in the [111]

direction and comprises a p-type impurity.

3. The device of claim 1 wherein the silicon substrate is oriented in the (100) plane
and comprised a p-type impurity and the strain sensitive element is aligned in the [001] direction

and comprises an n-type impurity.
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novenent into electrical output through a strain
concentrating structure that supports a strain

W@ e0si06482 el emrent. The invention inproves ovePCPUSING/043259
gage structures in several s. For instance, having
the strain sensitive el enent “supported on a
strai n-concentrating support structure elimnates the

p#oc esEheeavase ofi lgimohwhergingdhe grogsysectpn dafipg§ apysdastic hinge parallel
[stivity to only be constrained by acceptable
wthe%ﬁ%?%%l behavi or of the strain sensitive elenent. The
supported strain sensitive elenent can be doped with
boron at one-tenth or less of the levels of that of
the freedgage structure, resulting in higher

sensi tivi .to rain.  Unlike in e freed:gage .

SEr vt Messeotrigid) (e ipal Bosb o FHRELAGBFeable pars i
relativé €984 chi ofifer AbSURAE cldQRhiNG! pdteSiFlof the ERSS-SéctidhChi Ny, and

thus can be chosen for nore desired properties like a

hi gh gage factor and matched tenperature coefficients

of resistance and gage factor. Hence, the supported

strain sensitive elenment is heat-sunk by its support;

Che resLshi . e . o

ey nopE donles JinOPRRESEAe WPk ST Bher Sof s Bron
lightlyadoped doawiepth df abud 2thieromsipport. Final ly, the

strain-concentrating structure of the strain sensitive

el ement is nuch nore resistant to buckling under

conpressive |oad than the freed-gage structure, making

it much less brittle. Wiile this invention has been

parti cAl®Kick fo@weing ftbchaseal inpatand dohvEring hesrE@Scdlnovement of
preferred enbodi nents thereof, it will be understood

at leashijvQq fedpiwelyanpyable paststinle oaciriqahautpyia FOBPESIEEanges i n
formand details nay be made therein w thout departing

f e of the invention enconpassed by the
a%%ggﬁgﬁﬁéﬁgghs.WHAT IS CLAIMED IS 1. A device for

sensi ng nechani cal input and converting nmechani ca
nogarexitndifg atrodsegmirtiomof the balisireteldgfimmgdhd wlagpvetngsovieable parts and

el ectrical output onprising, a silicon substrate: a
a fexiflasresererinro iy i GO ST e SroS e SRy fom the fime
materidf4s thé Bgbstrh@; rel ati ve noveable parts and a flexible
cross-section extending there between, the

cross-section derived fromthe sane material as_the
satdeast f@strain sensitive elements provided on the surface of the silicon substrate and

connected in series, each of the strain sensitive elements having two end portions interconnected
by an intermediate neck portion, each neck portion being supported on a corresponding structure
that concentrates strain, the structure extending across the gap and having vertical walls

extending to the cross-section in the gap and the structures derived from the same material as the

substrate; and

electrode means electrically connected to the end portions for detecting changes in
electrical resistance between the end portions when the neck portions are subjected to stress in
the direction of a current through the strain sensitive elements that results from the relative

movement of the substrate parts.
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at | east one strain sensitive elenment provided on the
surface of the silicon substrate, the strain sensitive
we@bk@ame4shavi ng two end portions interconnect eBCHYSHNS/043259
internedi ate neck portion, the neck portion being
supported on a structure th& concentrates strain, the
structure extendi ng across the gap and having vertica

m&| | s Eha devigerrf dlaim; hwhereindhe @Beqn %wstirﬁe iricaigs igdke (110) plane
t t:
and oolifise GHEMETg LT S Ol N ARTRI AR 8 wigied e 111
directibp aﬁdleorﬁ;m&emp-typenmpﬁmy det ecti ng changes in
el ectrical resistance between the end portions, when
the neck portion is subjected to stress in the
direction of a current through the strain sensitive
el ement that results fromthe rel ative novenent of the
SoIbst r fheddR@de ot cladm 7TWRerdRMh& §i1i86n Silbsirafe Is yhiit&d i tﬁé‘ﬁ 00) plane
silicon substrate is oriented in the ( 110) plane and
and coppmised & egmmlrmpltrstp and the §irhinysensitive ements arerpligpedsingthe F001]
directielerr(f |rls 1? dlln the [ 111] direction and
S%ﬁ% PR 528 §BSIPWﬁaVIty 3. The device of claiml
wherein the silicon substrate is oriented in the (100)
pl ane and conprised a p-type inpurity and the strain
sensitive el enent is aligned in the [001] direction

and conprises a 4. The, device 0
oI o TgieTies A Rt £ Powetshb e iy i sing repl i inge paralll
mthegngggeparallel to the substrate. 5. The device of
claim1l wherein the at |least two relatively noveabl e
parts tilt relative to each other about the elastic
hi nge portion of the cross-section. 6. The device of
claim1 wherein the strain sensitive el enment conprises
be on Jl"ﬁeg@éwjlé/e oq%ﬁ)zﬁﬁjl ’}\th ﬁile[ffé E]tllgést RP {“Etlatér 5) 59%%16 arts tilt
A devi Rant ca an onverting
relative®e bavhiotkedr ahweheﬂhstmfhlﬁge postici oﬁtha cn’oesk addtieal y nmovabl e
parts into electrical output, conprising: a silicon
substrate; a gap extending across a portion of the
substrate defining the relative noveable parts and

12.  The device of claim 7 wherein each strain sensitive element comprises boron

lightly doped to a depth of about 2 microns.

13.  The device of claim 7 wherein six strain sensitive elements are provided on the

surface of the silicon substrate and connected in series.

14.  The device of claim 13 wherein each strain sensitive element comprises boron

heavily doped to a depth of about 0.3 microns.

15. The device of claim 13 wherein each strain sensitive element has a small width of

about 4 microns.
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a flexible cross-section extending there between, the
cross-section derived fromthe sane material as the
wGemsteEtE; at | east two strain sensitive el eneOrL/BS2005/043259
provi ded on the surface of ng silicon substrate and
connected in series, each of “the strain sensitive
el ements having two end portions interconnected by an
i nternedi ate neck portion, each neck portion being
supported on a correspondi ng structure that
CE(Y.'C enArd%bﬁé St dedife nleBfanidal Hphtd &’)ﬁf@tﬁqg HtbcA&li&a $novement of
the gap and having vertical walls extending to the
at least tvaselagigelyi movabie pants igtagleatrecat dutputt camoprusies deri ved
fromthe sane material as the substrate; and el ectrode
nmeans el ectrical.l onnected t.o the end portions for
PR S s A ot Rdaps remircopdio P aptEasfitRien ™ g (10
plane;end portions when the neck portions are subjected to
stress in the direction of a current through the
strain sensitive elenents that results fromthe,
r eiriple-bessad Jiapiagmarculpted an anetsideraf thsupstrae, the Biplebpesed
: : [ S
disphe Epp iDL Aabrl e ckichil SUBEL fBky okt ind two outer
bossesaotckitheesidé ofiiha cemrad bbssvamdehedesfithe sime al i gned in the |
111] direction and conprise a p-type inpurity. 9. The

device of claim7 wherein the silico ubstrate .is

ofotl s <1 Pigche BB poBIh AL Ut ORB R BRE egefiyimoveable parts
and fldxE bidsy-séfidnd Bedif @bawsN&dFdsyondeh MR sactAthat &d &MBélgaps are

in the [001] direction and conprise an n-type
located aptaditilye outer. bopsrs add e ef Bt gepmirmlqraigdenngdither gide of the central boss
MMinququgggghpnbgefines an elastic hinge parallel to the

%S%g PAtE2" 1% he device of claim 7 wherein the at

| east two relatively noveable parts tilt relative to

efoh stedih e¢nsithelenidng pairsmiovidedon g guefaéé offthebilictre substrate around

cross-section, . 12. The, devi.ce of claim 7 wherei n, each .
the gags, FafIYPAAHIRIRTISING tWIoHRIR SCRYYR Flements sPRIECier gh IS§rigtofach strain

sensiti%Q \?\ﬁngﬁpﬂanli tw%béﬁld.tpogti(ms%t@f&%nnélz%dr‘rby‘a% iﬂ?e‘l‘xjneﬁa@fneglk g!n‘ﬁ‘on, the
erein six strai'n sensitive elenents are provide

neck portidnh®ing supported on a corresponding structure that concentrates strain, the structure

extending across the gap and having vertical walls extending to the cross-section in the

corresponding gap, the strain sensitive elements derived from p-type semi-conductive material

and oriented in the [111] direction, the four strain sensitive element pairs connected as a bridge

circuit; and

electrode means electrically connected to the end portions of the strain sensitive elements
for detecting changes in electrical resistance between the end portions, when the neck portions
are subjected to stress in the direction of a current through the strain sensitive elements that

results from the relative movement of the substrate parts.

17. The device of claim 16 wherein the cross-section defines an elastic hinge parallel

to the substrate.
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surface of the silicon substrate and connected in
series. 14. The device of claim 13 wherein each strain

W@ 06060482 el ement conpri ses boron heavily dopedr/Us82085/043259
dept h of about 0.3 mcrons. ;15. The device of claim13
wherein each strain sensitiv"elenent has a snal
wi dth of about 4 mcrons.16. A device for, sensing

it hant kadevisgRfclamd ooubsreinthed 1east e ivelvgvethehle Rfts tilt
relatlvg'&% %&Jc?%‘ihe&‘ﬁ@odt%@élhéfﬁl Mn#@ﬁ@@éfo AL LRysd-BdPiof] ectri cal

risin a siticon s strate erived from
n-type sem -conductive material oriented in the (110)
pl ane; a triple-bossed di aphragm scul pted on one side
of the substrate, the triple-bossed di aphragm

R bRl ol 5 ARNG3RBARE BB TR Bl e gage evel

on the $LuBkRra®f subh eha Bt strdln RASEvABImMenS afteconhedtéBtor tefhinhlRUt the corners
gaps extendi ng across a portion of the substrate

of the giaf inrf briflgeisircnib beguence syply Bubidiageat legs ahebridge bve opposite senses
of stra 0SS- sections extendi ng between correspondi ng gaps

Such that two of the gaps are | ocated outside the

outer bosses and two of the gaps are | ocated on either

side of the central boss and inside of either outer

boss four strain sensitive elenent pairs provided on

e su a e . of e silicon substrate aro nd th

e’ e atantcbiimg & HERG: PR L@adP R JLDR cENBIGR path from the
tHUnggggﬂgqﬂggnhﬁmg(ﬁﬁﬁéﬁﬁy each strain sensitive el enent

having two end portions interconnected by an

i nternmedi ate neck portion, the neck portion being

supported on a correspondi ng structure that

concentrates strain, the structure ext endi ng across

t 5119 9 a?héa{i]éj\ll&a(yf l%rftuhﬁép co ea)ge?e?g‘l EQa&i%/ fnr}ﬁe terminal block

Cross-sec e correspo d|n gap, strain
sealedbgaerio¢emetession bendias icedrefa refargnct ppssweni - conduct i ve

material and oriented in the [ 111] direction, the

four strain sensitive elenent pairs connected as a

bridge circuit; and el ectrode nmeans electrically

connected to the end portions of the strain sensitive

epEMeNTRe device of claim 16 wherein the strain sensitive elements are sealed to a

surface mount terminal by thermocompression bonds.

23. The device of claim 16 wherein each strain sensitive element comprises boron

doped to a level of approximately 3x1018 per cubic centimeter.

24.  The device of claim 16 adapted for deposit on a catheter to measure fluid

pressure.



for detecting changes in electrical resistance between
the end portions, when the neck portions are subjected

W0 200s06@S5 i n the direction of a current throuptm/ukmos/043259
strain sensitive elenents tggt results fromthe
rel ative novenent of the substrate parts. 17. The
device of claim 16 wherein the cross-section, defines

a?b-el aétm‘tth‘m pigabieatiag aglevice fenrensngEeehanical giputrprd converting
I

mechaiF4l 68y Ghef oF et PO ERENA B he pERThic il BLIUE e method
compré&di@st i c hi nge portion of the cross-section. 19. The

device of claim 16 further conprising an insul ated

crossover at the | evel on_.the substrate such that

thgngaltwglar?egg’ﬁﬂalf%\ﬂglﬁéls@mg’ afeFle connected to

termnals at the corners of the rimin a bridge

5 CAllgnitid the SEHLBNWEfeP Bohh Whidh d?a%hﬁa%ﬁﬁtanh 898in QEndithe déhelgSare

have opposite senses of strain. 20. The device of .
fabricapcavith 118 suppert svafer dapmeetianigakrigidity phiheisersor andieleetrion] connection
there t(fath fromthe tilting boss to the termnals on the

im 2 1. The device of claim 16 further conprising a

reference cavity in the term nal block seal ed by

t bedirectheali g5l suppdromitissehsorcagiengy anda r ef er ence

pressure. 22. The device of claim 16 wherein the

strain sensitive el sealed tao a surface
ARt GBS (R T bR SE e SErageneEare Sfgent areas
device of claim 16 wherein each strain sensitive

10 el ement conpri ses boron doped to a | evel of
approxi mately 3x1018 per cubic centineter. 24. The
device of claim 16 adapted for deposit on a catheter
t %.neafhe @lefhoquoé clgira@3uivherem thosenserivefenis afsingle élélf??rh@fyStal

comm R BT PR AL R 0RO EBASH A

directipAfidentifisd andivactlat] p@ishaﬂiiﬁeﬁhavtdg&hém‘taﬂigcgrmﬂ‘pmds iondoth surfaces.
fabricating a sensor wafer and a support wafer;
aligning the sensor wafer fromwhich di aphragns and
strain sensitive elenents are

15 27.  The method of claim 25, wherein fabricating the sensor wafer includes:
heavily diffusing p-type boron into conduction areas on a sensor surface;
photopatterning the surface and opening links to strain sensitive elements;

lightly diffusing p-type boron onto the strain sensitive elements through areas opened on

the surface;

20 deep reactive ion etching of photopatterned areas to form the diaphragms and structures

supporting the strain sensitive elements.

28. The method of claim 27, wherein the total thickness variation of the wafer is

about 2 microns.



10

fabricated with the support wafer for mechanica
rigidity of the sensor and el ectrical connection
wo b@eesm@s2 bondi ng the aligned support and sensBCT/US2005/043259

waf ers; and deep reactive i etching (DRIE) the

di aphragm and strain sensitive el ement areas. 26. The

met hod of claim 25, wherein the sensor wafer is a

single silicon crystal conprising an n-type inpurity,

having a min face with a ( 110) orientation with the

[34 1] hrﬂé &%‘Phto'd%@c ?’rﬁ%' whé&dindhd stk sédsﬁive e‘i’é?ﬁérﬁéﬂﬁié diffused with

sides having therma grown oxl de on both surfaces.
appro@hately 8x HHSbodom fo a:Hoat inl Zbicrontdzepiand 2@bhohroapémrsgusree

sensor wafer includes: heavily diffusing p-type boron

I nto conduction areas on a sensor surface;

phot opatterni ng the surface and opening links to

strain sensitive elenments; lightly diffusing p-type

b9p.on PRE tetdd oFcladh 2 75®AEin tHE siLGTR Ftchel AViOUDR IR {2 fnal
opened on the surface; deep reactive ion etching of

reSldup]Hbtltdp albqus 28 dgreapicefdhe wafep vieknses. di aphr agms  and
structures supporting the strain sensitive el ements.
28. The nethod of claim 27, wherein the total
t hi ckness variation of the wafer is about 2
m crons. 29. The nmethod of claim?27, wherein the strain
sBhsi t [Fhe netledeichimé, whértinsdaminutrhis slpposoied oatled sensor surface at
and .26
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them&dm&%ld@ﬁggﬁgﬁew th DRIE to a final residual that
i's about 28 percent of the wafer thickness. 31. The

nmet hod of claim 27, wherein alum numis deposited on
the sensor surface at a thickness of about 0.7 mcrons
and the surface photopatterned into the electrica
traces and thernoconpressi on bonding sites.



