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[ 0001] The subject nmatter herein relates generally to sem conductor

m croel ectronmechani cal (MEMS) based sensor configurations that can be used
to detect small forces or flexures generated from nechani cal stress,

cheno- t ueehani cal \S¢{gESSR AE@BWIE{FH@ﬂ F%F&hgﬁéﬁﬁgﬁﬁ gmgl ds, and the

i ke. More particularly, the subject matter erein relates to a
MEMS based pressure sensor and a nethod for fabricating the sane.

[ 00021Adv i i nﬂﬁéﬁ g( 1.¢roel ectronic and MEMS based sensors have
served gr Z‘%ﬁ?éﬁlﬁoﬁ@%@% iﬁgﬁﬁ)&?post of such sensors. The el ectrical
and mechanjogg]) Pr aRekhties Mfices hkﬂe%ld’t‘%ﬁeﬂéﬁﬂ?@é Seri@¥Geasn well
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nechani cal stRsg ihdrhDdtiess, QRictedlag@diid TS Whd BRekeaMbraphRRUALIYT te _
m croval ves, ink jet print heads, atom c force mcroscopy tips and the |ike

are w del ysukivsmatiey igplesed baisen relrdes tody EMRY baspd prassige agist @t 4 ons i n hi gh
vol une rreqiﬂtgt% fo%‘%&?&ﬁﬁgthésg Lé?tl’i al and autonotive markets. The high
strength, e asglci y, and resilience of silicon makes it an ideal base

mat eri al f[@002]esomalvhn@t inlednicesduchatmioiylectrofic axa vk S Hasedisaiark f or
el ectronic frequency control or sensor structures. Even consumer itens such

as wat cheshavegemad aicgilng wqussihe stze and cost 9l sty sgnsory- e T decdtird agduges may
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sensors in ever e use continues to a need for new
and di f f erreictorsadhirdng amd smasenBiotor geomeleciresic avtinclopies gaveatlbsomedpt | m zed

for particul ar environnents anﬂ@gl lications. U fortunlgt ely, a drawback of
tradi t1 onaPOGLT R SPASPE BRI Y SO RICH R T ER PR LEEioRgs F oBhaethat ¢ he
contours apf SRR R0l fpridddErelsefikd hBGIGhid LA HRP béd6lsURGRidhgVe been

significantly limted by the fabrication nethods. F’or_ I nstance, etching
sil'i con stscogstrsymeisrophohescowosmidadpsdillasorshopipat aclhitli guidechdssendonst rai ned, in

a2 R Bl AT A e, T BERPH AL RT3 10
i ncr easi NGrél$dDY kild e SRS AbEnd MeBASUL® RHOES Miich@shsSR Uighedlihe
devel opment of small silicon Pl ate structures used, for exanple, as
capaci t or snediepls aerospace, industrial and automotive markets. The high strength, elasticity,
and resilience of silicon makes it an ideal base material for resonant structures that
may, for example, be useful for electronic frequency control or sensor structures.
Even consumer items such as watches, scuba diving equipment and hand-held tire
pressure gauges may incorporate silicon micromachined sensors.
[0003] The demand for silicon sensors in ever expanding fields of use continues
to fuel a need for new and different silicon microsensor geometries and configurations
optimized for particular environments and applications. Unfortunately, a drawback of
traditional bulk silicon micromachining techniques has been that the contours and
geometries of the resulting silicon microstructures have been significantly limited by
the fabrication methods. For instance, etching silicon structures with conventional
etching techniques is constrained, in part, by the crystal orientations of silicon
substrates, which limits the geometry and miniaturization efforts of many desired
structures.
[0004] The increasing use of microsensors to measure pressure has spurred the

development of small silicon plate structures used, for example, as capacitors and to



produce el ectrostatic forces. For instance, there exist tnicrosensors that
measure capacitance using an array of interdigitated polysilicon plates.
Simlarly, there exist rnierosensors that produce el ectrostatic forces
using an array of |ayered plates. Further, there exist mcrosensors that

measur e theqhdeeXdti@stafE fREAIIFIG ins@ncs thdr€ Qgiggltéﬁdf&steﬂéc% tﬂa'E‘n{eﬁéSu?Q nse to

threes such as pressure or acceleration. | | Measur enent s of bi ol ogi cal
par anet ergpagiange niicg asemxooiSingrdghecdpolysjlicorcplewsi Bghiarkyo theonexdistd
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m croel echteiBEFRbERMonIRMIISBSthit (HENLR dlagnedtid 2afl pedédeiditotihg pressure
sensors in particular, has created a demand for ever snaller devices.
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convent i opradsufeabudhcatatmospheddipiesiies Boreexbhmpie, diffenertial cabgectip pesdunei r si ze
and packagi ng. For ex le, th | ongat e ature of a catheter tip pressure
sensor re%mqrggaqlpfaqsea{ggme?qug%t ei’é‘?ﬁ‘i@&% PbA SUBAR BRIPS DA BYIISHHE? of t he
sensor, tyRheallivhih AR R§Hratd9sydtsm Wl 4 F{efmobfhelPraSiei AGepor tion of

t he devi ce. %gﬁeslelconnegi{;faoﬁg %an detrie%é;ct allyoiﬁn%)eac?rthe Si zg and shape
of the resphidingfiddyofese Addictdetactbimgchdpembdeecasfin gheeralpaid ofsiafetarf t he
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ext er nal Oﬁﬂ‘uﬁgsence pressure nust be supplied. This is typically done
through a fineé 'capillary tube that is mm to the catheter tip in parallel

wi th the [@begt ri Sahsoeomaghitonrd thdoaply céhienback fafrichtien Rbhmqudsevever, this

configuration can result in thicker packagi ng of the sensor and can result
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be effectively produced in high volunme. BRI EF DESCRI PTION OF fil E I NVENTI ON

nature of the geometries used, conventional techniques for producing such

-

micromechanical devices risk both breakage during the manufacturing process and
potentially diminished reliability in the field. For example, since differential catheter
tip pressure sensors measure pressure relative to a reference pressure, a vent from the
sensor to an external reference pressure must be supplied. This is typically done
through a fine capillary tube that is run to the catheter tip in parallel with the electrical
connections along the back of the chip. However, this configuration can result in
thicker packaging of the sensor and can result in the vent becoming pinched-off
during measurement. Other fabrication techniques employ side vent configurations

that exit the chip through vent ports located on one of the chip edges, but which



100081A sensor and a nethod for fabricating a sensor is disclosed, in one
enbodi nent conprising a diaphragmcavity that extends into the top surface
of a substrate wafer, a device |ayer, wherein the bottom surface of the
device layer is bonded to the top surface of the substrate wafer to forma
di aphragm -di : Ly, i Ln:th vi ce | ayer
pr oxi mat e THa AR BUBARE s or AR L DR, SRS sy ire R G

i nt er conneetule el of dBBYiEfntOESGRhATdrOM i mitdsh DRAMENGEc 1 4Q0RSsilitynat t he

manner in which the features of the invention can _be understood, a detailed
descri pti o087 ¢ hdt WH\%@W@SW"WOB%%%F@VW araetpd e anang facairing; ighly

enbodi nent s i i [Mole i i ngs. It
5 10 bo rerel e Reaayer R ORa A e e ik PuCGRTRATH B Rl

enbodi nentsrodficedhn dighrmodunhe.on and are therefore not to be consi dered
l[imting of its scope, for the scope of the invention enconpasses ot her
equal ly effective enbodi nents. The drawi ngs are not necessarily to scal e,
enphasi s gepregrRbEYArRGPIIHONIGCEAEUROENTIogt rati ng the features of certain
enbodi nents of invention. Thus, for further understanding of the invention,
reference [0808lbe rastmserandremetbpil dovi fabricéingialsensod ssdisdlptedom oneead i n

connection with the drawi ngs,.in which:.. 1000101 F G, I, i a cross. sectional

vi ew of anenéxoedr?r%lfe%rc)? TP e(?‘}?}ir)]gf‘gBrcg‘élgﬁ&’é{)?&%%%_rmﬁoﬁh%ﬁ’@ g Ff%%ed‘i’frf’e nt of the
i nventi on. subO@Ad 3hFrG dévdcd layé&, Ghecs $eebitomaurfiéLyy thé déwbe ﬁy@niﬁl ary
silicon on insulator device wafers and an exenplary substrate wafer used to

fabri cat e engpd fetheken srfage eémﬁéb%@ﬁ%waferrpmaecimﬁmm@;verdhet he |
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i nvent i on.sense flexure in the diaphragm, and an interconnect channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the features of the invention can be
understood, a detailed description of the invention may be had by reference to certain
embodiments, some of which are illustrated in the accompanying drawings. It is to be
noted, however, that the drawings illustrate only certain embodiments of this
invention and are therefore not to be considered limiting of its scope, for the scope of
the invention encompasses other equally effective embodiments. The drawings are
not necessarily to scale, emphasis generally being placed upon illustrating the features
of certain embodiments of invention. Thus, for further understanding of the
invention, reference can be made to the following detailed description, read in
connection with the drawings in which:

[00010] FIG. 1 is a cross sectional view of an exemplary differential pressure
sensor in one embodiment of the invention.

[00011] FIG. 2 is a cross sectional view of two exemplary silicon on insulator
device wafers and an exemplary substrate wafer used to fabricate a differential
pressure sensor in one embodiment of the invention.

[00012] FIG. 3 is an exemplary top view of a differential pressure sensor

illustrating an embedded vent in one embodiment of the invention.



[00013]FIG 4 is an exenplary substrate wafer with vent bonded to a first
device layer with diaphragmcavity bonded to a second device wafer in one
enbodi ment of the invention. 100014] FIG 5 Is an exenplary substrate wafer
with etched side vent in one enbodi nent of the invention. [00015]FIG 6 is

an exenpl gpyrHubsical g a‘ﬁ_%fx%p}]@_l% %fgﬁaé Sdf&lwWigh A0 bBRIdAB R ddvikeOne

enbodi nent of "the 1 nvention, ] FIG 7 1s an exenplary substrate wafer
wi t h et cHeyerlyatht diaphregin cavityopendedimalsevend defice wefer mvemt ¢robdih@@0E71FI G 8
is an exepplary.substrate wafer with vent bonded to a first device |ayer

w th di apf Hﬁ’r‘#‘%%i ty bonded to a second device |ayer having an

i nter connggh14hapns! 5 isfa%'b‘ilelﬁlgla?} QRRhte 3Ner WkICECRANGES vi 0B embodi ment  of
the invention. 1060181 FI G i's an exenplary process flow for fabricating

a di f f er embagimented sherieverdiosor i n one enbodi ment of the invention. 1000191

ai or ent 00P1STT CERGEH B85 RRY b Erotiarielt cCril AR TR 00201
FIG 11 | ShedmbDYBARIt af }hedhe®Ritidhe pressure sensor in one enbodi ment of the
Fnvent! On[’00016] FIG. 7 is an exemplary substrate wafer with etched bottom vent in one

embodiment of the invention.

[00017] FIG. 8 is an exemplary substrate wafer with vent bonded to a first device

layer with diaphragm cavity bonded to a second device layer having an interconnect

channel, sensing element and interconnect in one embodiment of the invention.

[00018] FIG. 9 is an exemplary process flow for fabricating a differential pressure

sensor in one embodiment of the invention.

[00019] FIG. 10 is an exemplary cross sectional view of a proximal side of a

differential pressure sensor in one embodiment of the invention.

[00020] FIG. 11 is an exemplary absolute pressure sensor in one embodiment of

the invention.

[00021] FIG. 12 is an exemplary process flow for fabricating an absolute pressure

sensor in one embodiment of the invention.

[00022] FIG. 13 is an exemplary cross sectional view of a proximal side of an

absolute pressure sensor in one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[00023] An exemplary micromachined pressure sensor can be made by forming a
cavity within a silicon structure and a diaphragm adjacent to the cavity. In differential
pressure sensor embodiments, the cavity is connected to a vent that provides access to
the cavity from outside the sensor, either through the side, bottom, or combination
side and bottom of the sensor. For an absolute pressure sensor, in which
measurements are made in relation to a selected reference pressure, the cavity can be
held in a vacuum or a selected internal pressure. The pressure sensor measures
pressure by sensing the flexure of the diaphragm, for example how the pressure acting

on the front side of the diaphragm deflects the diaphragm inwards. One or more



1000211 FIG 12 is an exenplary process flowg an absol ute pressure sensor
i n one enbodi nent of the invention, [00022] FIG 13 is an exenplary cross
sectional view of a proxinmal side of an absol ute pressure sensor in one

enbodi nent of the invention, DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 00023]
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di f f er ent i &l deflees@usteths dinpbraganbodi nents, the cavity is connected to a vent
t hat provi dﬁﬁ% cces& to the cavity from outside the sensor, either through

the side, BOP¥0m HF- t&n memmomy Srese sepvignplotiew of sdiffentvdpesiure For an
absol ut e prassUlthas ottdnﬁlvwﬂlc Mr(ﬁl@%g{%dﬂfnglt%?ﬁ% ihfediighat i on to a
sel ected reference pressure, the c Vlty can e he N a vacuum or a

sel ect ed i PessunasenporeSkseanehavd hdigprl @sd G eosteindiy thapassure Seqniesdementy

sensing the.flexure. of .the di ragm for. exanpl e how the pressure actin
o hel 1 ofhthe SRl b Otk SpRP s b Bt B o e et B ias Be . ome 0
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sense the flexure or deflection o i aphragm "1 G is an

exenpl ary REsvse megraRlts. VPressuof seasaeti f0f caneutsoi talve p pesdmekersieifstbat ce@ havi ng

a bottom vent cavi 330 i.n one. enbadi.ment of the ipventjon. Pressure
sensor 10 bcea%apﬁ v %glea%s"f‘fAY C%nggdv lgb%tggrl (#ﬁvhcﬁs &?‘f © cﬁ%gﬁgoggﬁgﬁgﬁge el enent s
of the devpregutdidbasurdingiie enbodi ment conprise the tip of the catheter that
can be insertable into a nedium for exanple a patients respiratory system
for taki ngl0BPEYsuPeessugsareorehcan bppugaigearedising thiy wafprsdhaigrhave a

pr oxi mal t ! wi th ot her

Gevi cos. 1 aoekled A ochRBy RECARETN) SR ELFUTLARA e BRUFKO ] ho025)
Pressure senscndhbtocanfdeambmnddedt side golished YDERY esmivaddictor tladdr, ar e

processed and bonded together, for exanple two silicon on insulator (S01)
sem conductgfﬁe éj%[f‘@‘i‘ rsaﬂ‘g&a51 615;%1 g‘r"s‘i FEMPLIY sEineg wrRipys 18 OHP EBRAGEIBE waf er,
or three Shim¥afiehon. ﬁb&ie@wﬁ%@"‘ﬁ)(ﬁe{}{d%o%ﬁ%@'g@gﬁvdﬁ%gﬁﬁbiﬂg dggitgga?efs” one

enbodi nent of the i nvention. vice wafers 10 0 ca waf ers

havi ng devildeand216r sisdlla®r daydrs2l0, anidr?d 6) atddrankikyieyess 12Gamh2R(215, and handl e
| ayers 120 and,.220, respecti . Devi.ce layer, 110 can _be a .sjngle crystal
1+ con SUBSEFAI Sy wRIeERE Tt Sk Vinmotnieise 3 ks ign bR oSy ek and
have n-typgnslhBe; cdaed £ 1AYAthiékAnd v typeHoPHice ISVt er 211D &N
substrate which, in one enbodi nent, can be a thickness selected to neet
parti cul arbeckesingln cuptad silicompilstrate vandh,viniooh embhadient can by phidmeps t ype

dopi ng. The,thi.ckness of the.various.layers of t.he SQ wafer can be

preci sel y S%%aetcgﬁlg? Ny ec%anrg/lgﬁlfwl s S@Eﬁ]ﬁgﬁl}bﬂlshﬁﬁiﬂ}g?ﬁ ﬁ?rfqﬁaﬁ'etné%'ﬂﬁf’ﬁﬁ'é@e and can
be sel ect edbpsiiC THeAickhdre opfiRCI-SiBUE Riyekngsise 9OI whr kayss predigtl9issi ne the
subsequent operating characteristics of the pressure sensor 10, as will be

descri bed W&z veHEmRLS GF chinyrauafacisingdechpigies.and can be seledpdanrbribat | be
silicon digxide: b -1 hi e |layers
120 and 220 BAS-BEAGERIPPr AEINERNdertin e sodedudn PpBALK L Gfpen AR

respect i vaifithe plgssungsdnber raauivilt bedesegbpd beews Inabdoclaperdé 15 aedh2 £l such
that the insul ator Iaé_ers 15 and 215 are positioned between the device

| ayers 11CAnd 2¢GRREIRHEG il diayde and soeaherveon0.0ogupit V@ y. Handl e
layers 12Quapd ] fiQr ﬁ{%ﬁ j I'icon
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Toget her, #aend MrekR$&8320hnd DO VadPcBti1). aMBREe ERRRY 1291 dad 2bheapr essure
sensor

consist of, for example, n-type or p-type silicon having a thickness between 200 um to
600 um. In one embodiment, substrate wafer 300 can be a double side polished
silicon wafer which, in one embodiment, can be 300 pm to 600 um thick and have n-
type or p-type doping. In other embodiments, substrate wafer 300 can be a third SOI

wafer. Together, the thicknesses of the various layers comprising the pressure sensor



10 can be selected such that the overall thickness of the device in one
enbodi nent can be 390 tmor |less, [00026]Wth reference again to FIG 1,
pressure sensor 10 can be conprised of device |ayer 110, device |ayer 210
and substrate wafer 300. One or nore sensing el enents 140, for exanple
p-type pi ISt J . : j -Loml anted or
G 11 0sed o Thn Tad shanh B A Bt oL e gL AR, 20,

st raet ur esn bP3é8swr er Issnsor 10 can al so i ncl ude passivation layers 170 and

470 t hat onsist of, for exanple, a silicon dioxide |ayer, silicon
nitride I@@&’ _osN'gh @g%?%é‘tgﬁ’&ﬁo%E&bbtpr’i‘?ssﬁsggﬁ%ﬂpﬁﬁn %\{}‘é‘?’ér_l 6%and 470 can
provi de | fsitbalyePn @NEvRE ¥yRE D1 @fhd QIbBEAS SHES 398NERE o} h B EdMithg ,
manuf acturi ng and operation. One or nore interconnects 150 formed on device
| ayer 11Claaentel 4 foi axalriple @twplpeczorsistive porsmgsdersénis) ceh beetmategitally t o t he
exterior .of the pr ur.e .gensor, 10, .whi | ne or . nore.netallization |ayers
160 can proVAHR & GEvEH UM dsee Y | Fu et (REHF i Orebishct s 150 and
the proxigmabtueid P&se sbiRr DD 0SS MES irt QR Passtthtuaiyer N 10 ddies r@ssur e sensor
can be electrically coupled to other devices or connections through, for
exanpl e, @ncerdstatiat brraritle, 4 Doorrlionide yeepesilicnaaitride AyEsSora and 3, an
exenpl ary. di.f.f er i essuyr e sens d i IS

descri bed Olgljlrll3 I%anlgg&tf g%li %ﬁsﬁvag{ontl% i ﬁf/oe%‘}(%% @r@.caﬁll%g\ﬁ@é lf%lgu 1t§ﬁ&{e§1gc{npl ary top

vi ew of groictti@l ®iiréslirepeess 10 dufifd sRhufhOturink Ul bpératich. aDneob@dted vent

cavity 330 in one enbodi nent of the invention. Dotted lines in FIG 3

depi ct exBispoarscte hifbpawad er deviee fayer 14 wneleckiically éeunle #0¢ 8h@dFe 10 t hat
formthe i - L i e lary

di aphr ag rﬁ\éfgg{lﬁ ?139‘53%”39%%%33&%"% h?ﬁégf %31?3 Sgnsg)égg’glrv hi eo&&P(?)eﬁs?é%r e sensor 10
oper at es rhataltieatsarr lapgs fl b@xatr grovile &ldchicaheshnsttivigt hetweear thd implomagetsl 30

formed i evi.ce | ayer 11 ver, a di aphragm cavity 230 forned in device
| ayer 210 SO Ehe PiOXBON AT DaE ths e SUBSERaE 40 akftesiabBe PERHIASOIE vt or
110. 'Th_ecaﬂ'b@@fé'éﬁﬁm1§ eoy& RStRerldeCXBE 6 &InhbGidAS erbigPTeSSefPlSgnsor 10.
Vent cavity 330 connects di aphragmcavity 230 to the exterior of pressure
sensor 10eadwttalent. hol | ow vent channel 333 begi nning at a vent recess 332

connected to the diaphragmcavity 230 and extendi ng through the substrate
waf er 30]00@273 v&ith efidrbete t3 FEGE hhandpeaensxtmplane ddiktatiabpressiise sdngopr essur e

above the di gphragm 130 changes, the di aphragm 130 will flex towards or
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outl et 33p.cxIfy la%%%&@‘éf 8 WIRL L8] BfesiE s@s6S BHIRIsRRANTCH db&aBd al | ow the

pressure sensor to operate as a catheter tip pressure sensor such that
t he portient givity380 pr essemeodmasiorf thdinyemntpmi. dDettedtlines i BiSh3adapict30 can be

inserted into,a nedi or, exanple_ a patient's r. i.r.ato S or

bl ooust r AmDlRY PEORHEY sl RS 4R PN sty BB SR vUEHET, o
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differential pressure nmeasurenment. [00028] Di aphragm 130 will flex in

rel at i on wighin peesalira gensag h-cBigstuye 53901 1 eposttedh e mapiusingdlexfiredmapr essur e
exerted g i aphr re i i 1 be detected
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ayers 108 cHaE Ry R R 220 o B R oS F % connect
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to the proximal end 75 of the pressure sensor 10. An ectrical .interface
or ot ner SHHRER 6T BeTden GrliaenBaes TEa ourHS v re P Cha Pt on
l'ayers 160 5tRatRIpRLioltREcRESHS WEhe ?ﬁ%ﬁg_e 30ovetheiRphiabhAd 30cHAABERI Rt 1 on with

anot her device. The resistance of i ezoresi stive sensing el enent varies

wi th t he didpxagne 196 will ph tavgmisl GoaviyUsom tiecadiapleagnicavty 2Heinpiektion ési st i ve
resi stance of sensj el.enent,.,140.can be used to erm ne the anppunt of
T oner aMife BesSRr P 18y ST TharERToug iR fIhEpRaSEs MSeBM ot on the
tSﬁnsor . [QRQRSK AR SRl ShYorPIo0e@psratdis 4 @idt&aly pessaredehisi@ncisgiasor |ike

e one



illasnated in FIG 1 is explained with reference to FIGS. 1 through 10.

FIG 9 is an exenplary process flow for fabricating a differential pressure
sensor 10 in one enbodi nent of the invention, In step 501 of FIG 9, vent
recess 332, vent channel 333 and vent outlet 335, which together can form

the vent cavity.330..in pressure sensor 10 an.be fan on.an_upper
Subst r at e ObmPHia G 6 R EE o B s R Dt e B o8Bl mruct o
etch t echningsiesedush fasexdinplet phtidigs uspiRgoBeaRtchtact lby@ticom, @hidineg (DRI E),
wet etching wi th potassium hydroxi de (KOH) or tetranethyl ammoni um hydr oxi de
(TMAH) , or Vet Retletsi3piremaing exprsad & ot oxteréor nressuregradiont, Byswnplent, a first

e e R C R e R L e S

t hrough 7, di.fferent etch onetyies n be |l oyed to fo recesses on

t he upper L@Bg%]r atef%la l?fﬁglaclgﬁﬁqg f[)ef“gﬁ‘%g %ﬁoéﬁ%‘ﬁgﬁra%&ayw gg%ne%/e

di fferent pebict®ddivhy froRirtSureadeads on e ARSheHMAJD MFRE fetliewn in FIG 5,
vent cavity 330 can be a side vent configuration in which vent outlet 335
forms an ofi@piragmdROgas pgdetseted by 0agbsmozg nyasetensats 140hognpdin davisedi ment s
having a b 0 ' 1on sl vent | configuration,
| at ergf abr@&%ﬁjﬂgn&s g%gﬁégggﬁ ériq'c l@@%ﬁ?\%@%%& egg%\séiérl%r{tg&?f\%f er 380 to

expose t hepi¢gmtsistivel sehisidBSletnentshihe exdigsrico lof eénsidpeclchhédtarorhn B¢ pressure
sensor 10. For .ex in bottomvent and side/bottomyvent enbodi nents,

nple, 1| . /
the bot t ont<erBYRSGY R aifFrscIC op2 ghelsions PHige drugordlilean be renoved up
to the thi Waoll | enbodi nent
shown in F@g}@es\ﬁgghﬁtﬁ %gﬁ%gfglgﬁ%@u %‘%@g@é%ﬂﬁ‘ %C%ggg(g%néoé} I{sl%%st rate waf er
300 i s thi maetizaton heetsHi6Okhesan extdind fborthé h@emomiedey IS6tthmugkrent cavity 330
wi th opening on both th {de and. bottom of bstrate wafer 3 i s, formed.
| n anot hermgeﬁmleﬁtég‘f‘?neisn%%g e‘gf eVﬁerT%mﬁﬁhg@g‘% g?)‘f’rf%'@?ﬁ%rtgig?én%urface
320 of substy, & Bic\Wab:8maBAN 750t tAE PR|SITE SerdsBe1d. NAR KR@ER Al MErERL BF othed @
bottomvent W th an opening on the bottom substrate surface 320 of
subst rat e sweheevigeoar ke fttnchedito theendqf the Betallization hyerselfPltaplacs thsst r at e
waf er 300 vgth vent . 1g)aivi Ley 3; i30 bondedt.to a fiéﬁt (ijevi ceJ; | ayer, 210 with
di aphragm %S%Slufeyse?% ORGSTHE" RNl I%Pewggn Peteviso 'hﬁr %%albcﬁﬁédi ment
of the i nv@Bbiebresdlivdisoneing ettt barids! ath tid f‘fﬂidre%f(ﬁézgﬂﬁag'ﬁ?ﬂ%@.nThﬁ‘s?
fabrication process can be to bond the device | ;aexqer 10 of device wafer 200
to the upp8passmant af edigAorsistizg oesttanch of susingredgneenid @ carsboussditpg
conventi on f:] i j I . 4 ary fusion
bondi ng ¢ et St 3 O AR e BTG B PRELRIBE R That '
t he surf acesssaanedeeted bedicdnydrt h a strong oxi di zi ng agent that causes water

to adhere tg :them The tlwo waf ers can then bge placed in a high tenperature

envi ronmen®0PeH a Afeicar ey Progses (96 fkigating:y siliren sfnapy like tBe ofte bond. Thi's
silicon fugi j . j: R 1 figr t he
devi ce Wa1Ejl Zl?&%é%?{ﬁggg? %gf%%‘ﬂ%ﬁ? Egéﬁeglg@g? an 'iliralt%lg)gl ﬁgélﬁatl: g@'ggdﬁe%g ive

mat eri al tdxampiowuiptbchesvidova fali thbecaing achfékngilenessak seiwer Afilin exgpansi on t han

the singl tal siji. fer. Fusi i b f d i
wh ch oxi iRy b BOPHIR. dh sRaTbGRAL SurReassap Lo SR8k n of ¢ he
vaf ers. [ O932dnkiR chit &RIcPIF5, vHlitieTookiher sAPBFm PPt *ARHS3IH0 iR GRes3d@ of the

substrate wafer 300 and device | ayer 210 have been bonded, "t he handl e | ayer
220 of t heseg#rilOecandieciornodoe am upeer sebibraesunBice gl Gofwtbseate mafier, 308uch as
1C013 or TMAH, .that.stops pn the. insulator |a 215. Addi tj onal |

i nsul ator A gd%egﬁg%(ﬁlpteoﬁﬁ%gde %gqu]ilﬁs S %%ﬁy a?gm&uéﬂ’ig R Ee@ﬁﬁ Gues,

| eavi ng oniby et ORIEY v \etdhignd BB boRdDum Myt fIxideS(KOMW) &xposed. 1000331 In
step 504, the diaphragm cavity 230, which can be a hol e extending through
t he devi cetetray@thygm}orwﬁ hydraxgded M AR oor pshar gdicpagtehants or theilikg. %RI B, wet
etching wfh d%erlt,%st fcn Hﬁ@et%'tlohﬁ?ﬁe \%n(fp&@%s% rantd%ni élﬁg{lelu aphragm
cavity 230 can have various geonetries, for exanple square, rectangle or
circul ar, 3idfadweldye seoynd @duid @emdrptdnt ohiet 33%anpl e, fromless than 5

m crons toﬂgreat er than 100 m crons, depending on the particul ar

appl i cati df0%HH t K seAwE an TGP ok hoh diftsrenitqhgrametriqy canhe caiplaysges of
di aphragm i ' C j i :

oxi di zed st:c;??ﬂé%ﬁécgﬁgsbglgﬂ?ﬁﬁ’?@oﬁ?’g%%%tsﬁg%ec%p nguggrg% :\é/ail\/@mf‘{sﬁ) g)ndfhlgetg ﬁer thin
filmcapable of w thstandi ng subsequent wafer bondi ng and processing
tenperatures, 1000341l n step 505, device |layer 110 of device wafer 100 can
be bonded to the 7



device | ayer 210 of device wafer 200 using conventional silicon fusion
bondi ng techniques to forma device pair 450. In one exenplary fusion
bondi ng techni que, the opposing surfaces can be made hydrophilic. That is,
the surfaces can be treated with a strong oxidizing agent that causes water
to adher g EIEH I erature
eaV|rotuneﬁ? Iggﬂ%CKmS t@%ﬁlﬁ%ﬁg%@@@&%ﬁn?g&&@ﬂ PK?f%?&?HEQ ond. This
silicon ﬁm®umnbbemdhngnt@nmmuqmenhmnd&hdeutmﬂkMﬂB@ﬁxﬁ@@napdndgmnee waf er
200 together w ut the use of an rmedi at e adhesive material that

coul o haveeoidns 1&8@%@ YEETTOC R AtheDmppra hex}pais1¥RM #th the single
crystal [RFborbHS AR LR BRSO 106 BEALAHOh oy Whi ch oxi de
| ayers aréhIorne In fne ondgggg agesggﬁlone or El ﬁ &%ﬁe waf ers.
J00035] | nnsldpthigtng ﬁtbtsebsttataewaiiap&@ﬂ togexpuse t:heesntcfutlbh}SSde\the:@ctblao)rer 210 and

device 11 bonded, handl e | ayer 120 of fhe, deyv waf er 100
can be r e‘I%dI‘Iee%‘%Iﬁ ﬁal RfesRete S@P%‘IIilIIt % ﬁé IR@HﬁBW“F fnd Sl&%‘tt?g’t‘ ops on the
i nsul at orvehayrﬁtsodt&émsﬁqt@ 'bBIt&ﬁ@IlI)dfraté snﬁfakem of @B8tiatd afGA00REN bENDOVeEd using
wet or dry etching tech ni ques, |eaving the non-bonded device |ayer 110

exposed. rEOOOSBFIoche Slwlgiesmméwet@p[%é@ yhayubist FlgxSe 6 wad &y I@d@ with vent cavity

330 bonded a first de e 1 dla hr.a 0 bonded to
> semond atiRiBedtshdbm SEBIGE, WRESTheHolol S E BRI R i¥esBE° Doncrng
el ement  Idgfead0l) ik MitifHQOBARE thickaBssi iAdiemer esrb@@tumattomfvehmvtty\zeowlmn. Wth

reference to FIGS, 8 and 9, in step 507, paSS|vat|on | ayer 170 can be
deposi t ecPRSAINGIPE hﬁ’ﬁhthséﬂdé*dd%ﬁ?la&f swpstigaeler BHYisforme - Usiapgther or exanpl e,

I I f both
a si 'CO 1@9 Qﬁ&hgrfi I[h%%rl FgS! dx}fe%’lﬂ@b%éﬂqgléﬁs% surt%!ii% k &k a&@s of  bot

to proper I ns e an prot’ec ring oth t he
manuf act uvafag3(irie tidssecandhothérkatssindicator 33epbsifi@n vemevitt amoperigeasi ng

el ements 140 can be added. by diffusion or_iqn inplanting of, in one

pr ef er r ed?® Waﬁsﬁuﬁfécﬁﬁ)z‘%fs@g?tg’tt? Wéfeégﬂg I% ments, | ow doped
p-type material into the doped n- tyge devi ce | ayer 110 near the edges of

di aphr agrt0&9] wHIGH san etsenp@nhw %tep‘ﬁlrftrwpwﬂeveww@e/%mn tdt® For
exanpl e, ﬁR{sP&‘eMmWe{/}%b%ﬂﬁl (ﬁgﬁg‘fi‘% H@?P@s(ﬂ%] 'Ebé?éEB &QEME%gPeIITf orm one

or nore plezorest s e sensin eVI ce ayer
pi ezor esi0iin ens embodigheat efitteis eadm. letﬂlGSfeI‘drmaﬁﬂFIGS demse, fleps02én i n

di aphragm 130.. It shoul d be noted that any nu r of piez stive sensing

el enent s "I%ﬁga%eéat&mreyea cahbe torRand ﬂé&éf‘atwedaxqrﬁﬁmf stptewa?qr?@b tene

di aphr agmy,1,30c¥8¥ab Surdi 138D @R th<ARBSPAL RE£2RB0b Il@in %BﬁxIe%Hbﬁeﬁ sApBhLi cati on,
the |

expect ed essures, sensitivity requirenents, I ke. Addltlonally,
one or nousgon hbmdmg)tmhmqseslﬂﬁ ohhakeroplny fpsiou bdedleg ¢echniqoel the opphsotg vity to

the sensing. el enents 14 an. he ded di f f usi on npl anti ng of
i ghi y  dONERCES-EE) BE THAE Y IQPLT 4 evie Gadas EybRe GeyrEuith Bpuphe 10

over | appi dﬁdiﬁﬁg-igétﬁ 1194t @ARRE Svafkdt @ adetd 83h&A. The kWPhaRatPMeRbe SENSI NY

el ement 140 and 1 nterconnect 150 can be done in individual steps or in a

singl e sué@wdp@@@emﬁmmnmeﬁepe@cemnwméﬂmmtwnpéofﬁﬁeuhc@nﬁekby&nannels 400

(net B R e 1 PR B BR Yy BrRSh Bs AbEL o, o

FIG 8, ma9sindalid duvideaysfer mogaherhelﬂgﬁtﬁ lftecsd Sif ag itteyncdiatyvedhesive hi ng
techniques to define the |location of the interconnect channels 400 on the

proxi mal Te#griaighycoplddaye adiffgrentcepdisient of theppd cxpanspastay Hicisgiels ayer 170

has been ¢ I t.ched into
devi ce | rgﬂa%%%onanzéo&??%%gphg&ge§€§E8P &%?&%%%‘ﬁ rou&ﬁaepﬁegfﬁ i ng
t echni quebrmédon e dopd el mfan@ KOHe or bdtlaithd waferse enbodi nent, i nterconnect

chamel s SR ST e Y SO bR Lo
pressure 3areeice I‘ﬁe?@ﬁ)"ﬁ‘a\ﬂerbegﬁ E%decg thk REAAIE RRRESI0 6NBRABYSe 448080

facilitate the [ater attachment of one or nore conductors to the proxim
end 75 ofcapbessuoedssngor witCtethant, eucrimsritl@mrn@\/mﬂtb tlsatatops orltlengat ed

packagi ng required r [ t|o S h as catheter ti ressure
sensors.qPﬂggg%ﬁlvvlﬁ #Eﬁ% @g yhgﬁgﬁdn%ﬁrmpﬂv %xgéssivati n
| ayer 470 can be deposited on the surface of interconnect channels 400

using, for exanple, a silicon dioxide |layer, a silicon nitride |layer, or a
conbi nati on of both to properly insulate and

8



protect the interconnect channels 400 during both the manufacturing process
and operation. Additionally, passivation |ayer 170 can be etched using dry
or wet etching techniques to access intercom eet 150. In step 511,
metallization | ayer 160 can be added, providing electrical conductivity

i ough | P ARt Ere s TR ERRIYGr PERRR AR 15t A0 SR BRGBL 0T For

exanpl e, ge&pds&ar. al umi num and can be created to a desired thickness to
suit device design needs. 1000391 in enbadi ments, in which substrate wafer

300 is an BA33af &k step RBA+AndIehTag)esa vy 28 haviiigh st g & holsesiendds can be
renmoved usy t%10S r PRIR e

i nsul at or %gggﬁﬁm%%%ﬁ%ﬁgﬂgf?gi&ﬁﬂgﬂﬁﬂgﬁﬁggéFykgyg?}gg%uﬁggrenocgghusing wet
or dry et citcingg weihHoO HuesIMAéB v ntheosiliyort étehahes/orake liky. eDiaphraghecaS@®y waf er
cont ai ni ng.{he vent 300 bonded. to, the dﬁvice | ayer 210. [00040] Lastly, if
the pressuf¥d €BREYT VAU LCAMBBIEIRY B8R BENHEE TeTRAneT SHYE HGHD i n step
512 the subsStnal fedi@betentlOfos @laile! AbMNET BV miGbAG o Wr¥at&lihiY Nep or wet
etching techniques, for exanple using KOH or TMAH, to expose the vent

out | et 335mumonshdepertdisgionrthepartindapamdicatian awitbechdson tHioR4s1df devge. 11

shows one exenpl.a enhodi t jn whic ssure _senso 0 can.be

Fabr T car edXIc 0 e S0 QE e bPetirary B8y 38y ki SFREiatem ® §8fred wi thin
t he di aphrggeitiam, oxidAQ ssifcohNadperlsafdH! & tEeNSA belddated with aBsathéttBinpr essur e
sensor. In_this enbodiment, pressure neasurenents are not taken in relation
to the extidim eapaplead suithstapflingsubssanergwalerdonding andproEating rpperaurgent
within the sensor is unnecessary. FIG. 12 is an exenplary process flow
showi ng t hi®0834Hps In ktap S8 rdeheepayret ol fretidevace Whier ¢@@ eandre Lrindled tot thepr essur e
sensor Kt in.one e di.nent of .t i nvention,. The.techniques enployed are
s ar t A PP Rb AR Pt 250 e FiRie g SuleE AR RRGRT but because
thi s enbodicsmiidued @8 forftOf d&aEtpaies 50. B he ekdifiplRFEHESIOh oSS MchAlue e be
fabricated using only two wafers and,_ _accord_Il)n ly, some fabrications steps
can be el i¢npesingdurf@gs éﬁeb‘ém@@ihﬁ@ﬁpl}ﬂlﬁhthbsadgml@f%y‘ﬁ%@@heeﬁ@éﬁds‘@ﬁhﬂ 0 can
conpri se Vi n P s ra el ~-300...1n anot her
enbod ment rongOsRAhE B bR o0 8RR RGBafe o B Fsp il e

waf er 100 tsladddean suigt teaiperanvat envidéin@a forcopapiodsd titneskeninde 6 tidevi ce

waf er. 1000421Wth reference to FIGS. 11 and 12, in step 601, the diaphragm
cavity carfliEtetichebons rEE Ficomiusianhondingseshai@aiends daoer walehiObRIE, wet
et C.h' ng W'a{nla deﬁﬁgélv&t’ferlj%%%&ﬁer%iﬂﬁﬁn ﬁieldsgBpafﬁﬁélﬂi&iﬁté)e(dhtegi@e 'rﬂalfefﬁal Di aphragm
cavity 230 can have various geonetries, for exanple square, rectangular or
ci rcul ar, tamcoohhhdvavelifiergnt @gftiidied of dpirinal dxpansxatiphehe fingloctysgd t han 5
mcrons to.greater than 100 m crons, .dependi ng. on the particul ar

appl i cat | oﬁﬁl?%ﬂﬁ‘d”%frﬁre %ﬁ@éﬁwn@mg&aﬁ@ BSPCHiREMEiBS Y RISk OXIHarR1TRE8. The
surface ofgodhaPiir Ao b ERYIsiME3 Q6B oPBotBiok RS whtgfe silicon, oxidized
silicon, doped silicon, or it can be coated with any other thin film

capabl e ofgnhidist i } | Mdevi
tenperatur[gtsﬂ.)5 00 4%%?%0232%?g%§£%?ﬁ§égégﬁgggfggégogigﬁngQEV|céwﬁgfer 100
i s bonded 1160 Hake bstr fonded,ahe hinellslalysit 124 & thaferic3@0feu 300 garcloneentvednal
silicon fusion bonding techni to forma device pair 450. In one
exenpl ary Wi %W%ﬂ@%hgu%ﬁ%ﬁﬁ%ﬂ%rfwﬁta égqpﬁ@nékﬁma@é@r i b -made
hydrophi | i £aqitiB@fily! Ssulbff 1SMF | 868 EARNRE A LERE Gt ¥ &) dchttd féeﬁhig%ésdl zing
agent that causes water to adhere to them The two wafers can then be

pl aced i n leavingjthetnonpendtdideienayerdriffenpodfedr a period of tinme demanded by
the quality of the bond, The silicon fusion bonding techni que described
above bond8003®@ stbSid ataa exafmetardibsand wifer itk veretfoavityl 850 bagletl her

wi t hout the us% of an int enne%iﬁ]e)attle adhesiye material that could have a

diff er ent ldrat f9veiedayerar Opme aphragar¥ity A>Q Remled e a srongr devicy & sili con
vater . - FuS|om,0RRdhNGeRindliRA ARRPIDO! RGNS Beih C i diel BURLS 130 @

formed on the bo sur one or waf ers. 10004411 n step
603, aft erinthe cmppdisiengobihe imecasonf WitherefutrsttatF&éGhaf ard Bad sapdo7,
passivation layer 170 can be deposited on the non-bonded surface of device layer 110

using, for example, a silicon dioxide layer, a silicon nitride layer, or combinations of



device | ayer 110 have been bonded, the handl e | ayer 120 of the device wafer
100 can be renoved using a wet el.:chant, such as KOH or TMAH, that stops
on the insulator layer 115. Additionally, insulator |ayer 115 can be
removed using wet or dry etching techniques, |eaving only the bonded device

| ayer 11%0tﬂ4&°@§9{}§ﬁh9§§%§ﬂﬁg&e&‘ﬂie{)(ge%? epﬁaf?{’i{’a‘{éﬁon e Adi tionally, in

step 604 passi can epos he 'hon- bonded t op
surface ahamguitaing @yerss addoptsativg,, ThetepeX8esor Boreisedinglélomente,148i | i con
nitride layers, or conbinations ofboth to properly insulate and protect the
devi ce weB efi@ﬁ%‘%ﬁ%}“ﬁ%?h‘%ﬁ@lpﬂ%ﬁ‘ﬂgé}étlﬁPpﬁareé?rffé’é’é%boéiﬂae‘%fﬁ’é%%i on.

1000451 W : | . ) ing elenents
140 can &é%é%ﬁ%l@éﬁélﬁﬁﬁeg%rlﬁ%ﬁgcl)?\@?gﬁédl Waenn}i%ﬁ%ﬁg&? qllrleh r? g nf)ﬁ@? erred
enbodi nentevigsilaygr 110 near shes¢dgeeobdingliragmd3énehick cath bavfaopdds patt ppehenat eri al

into the doped n- e_device layer 110 near the.edges qf. di aphragm 130,
whi oh carfeBEETBERbID aESrpPls BOE e il F a0 e e Bor on
i mpl ant atrh 8nfaRbndiof friésd ﬁi@z&%si%@%ehﬁﬂ@@l@ﬁkﬁfs%i%ﬂ dEREMaRECTQ. eficSt i ve
sensing el enents 140 within device layer 110. The sensing elenents 140 can

be posi t iperetesistive eensmgfdlanentecimbedicapionadta %86: flexurs hodikehrbgmridfed t hat

any nunb of . sensi.ng.el enents 140 may be.enpl oyed, and, t heir exact

po%i t1 oni hg SRy APuE! FEN R A7 nE RS Ry BE SIePRBIa Bepondi ng on the
parti cul angfddGatiitedts ex@¥PRsitRmhin RRSVE &StheRphirddny 1 3(/maaYidifisremt s, and
the like. Additionally, one or nore interconnects 150 that can provide

el ect ri calepenshiegen theipagticplar ppelicsEps, rge@eEpispIuEes] KOS EIYHY Beduagaatspy
diffusio L. i . i0g..0f highl. I: i.nt-a t he doped
- typo. dauiind PR, ARGARHIOTR or bR SURE AR oES Bl MtBacr 1

st ep 606,contetioity t®the skidigg clompes 146 banbehdded®y diffadiopooiohd@pianfagsageway

al ong the pressyre sensor 10 for varjous conductors can be etched, in one
enbodi ey, iy donsdyt e st it fheioged agyp Gvage layes 1dA SHFIFRPINE G, 11,
passi vat igpih A¥emerk Q4 S DEEAGH oS Mht b & fBhigol/ANNI ques to
define thse Ilo%%ltlti Sn of the |r11t e(r)coﬂect C aﬁﬁ%ﬁgﬁl 0 on tohe proxi mal end of
t he pressuoteeosrets dP0 opplsddre it helieddalstppoi 81 nginglastegi aphragm Once t he
passivation |ayer 170 has been renoved, one or nore interconnect channels
400 can [{e0637¢ heth dtey 09 exé oembosyidterdokBectahanpd 400kl prodideiace | ayer 210,

t hrough wet etching techni ques, for exanple using KOH or "M M. In one
enbodi meMeSSAERY &Y HERHBEPTeRBSENOT A0 doroadestersedn be clcBEniAO8eri es of spaced
apart v- (s e Tl oTe] i@JaRROMD 4 q,gseﬁ;ﬁ I ' t he

proxi mal en a75&%? %ﬁ%vbﬁag%surgmséedr?s%? 10 s mxﬂéﬁ’éﬁﬁg&ioﬁg?ﬁconnect
channel s 140@amab¢ etehébusinghéryl atvest ehmpatethindquesto defeneahe hereorcofiact ors t o
the proxi.mal end 75 of pressure sensqr i.le maintaini the smal |,

el ongat edNBHORAGH AEPEk 0P aa toPOSE Ed st LiTENUIE SOk 1B (Bee bk er i p
Pr essur e pReieion 1ayeP 008 KA Wdeh r&BbRIe BECoRdBIeNnteR oih&P chddnefbolani N St ep
607 passivation |ayer 470 can be deposited on the surface of interconnect
channel s b4@0-hed intg devioe laggmhid), end eptyinajly davide el 0, thyewgh wetsdtthiogn nitri de

I , nbi ' f b [y i |.at € d. h
| or bonrEtblbpaamer e RSP aol RO ity R BBk on

oper at i ortharfidi 4000#@kicled PABEH iathi@ofl sPy@K abdR veBphEsBbediess sholwhag dry or
wet etching techniques to expose the interconnect 150. In step 608,
net al | i zdR ABAXIERIAYY crew seetipnd theipredimy cadi7dioh ghearrewpry easordibawti vi ty

from i he ipER! Rl RR BB A RICASRY £ SR0RAL 401 AABNAGASIBR: §f oent 140

t hrough i nt erconnect I zat1on ornmed of, -for
exanpl e, ngatdowducadrsiti the proxamdl aar shef peessatcadndon 18 vwdelgin@dtaidimgcivess t o

suit devi ce _design needs. 100048]1Substrate wafer 300 can be thinned using
convent i 6RAL eprgnt %Cg%ﬂg ae@@sre% gorée%maat@nﬁisv@haw&% heci fi cations

and thi ckpegsreBdtd ements for pressure

[00038] With reference to FIGS. 9 and 10, in step 510 passivation layer 470 can be
deposited on the surface of interconnect channels 400 using, for example, a silicon

dioxide layer, a silicon nitride layer, or a combination of both to properly insulate and

10



sensor 10. In addition, in enbodinents, in which substrate wafer 300 is an
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can be etched directly into the substrate wafer 300 using DRIE, wet etching with
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KOH or TMAH, or other silicon etchants or the like. Diaphragm cavity 230 can have
various geometries, for example square, rectangular or circular, and can have any
required depth, for example, from less than 5 microns to greater than 100 microns,
depending on the particular application and the chosen thickness of the substrate
wafer 300. The surface of diaphragm cavity 230 can be either bare silicon, oxidized
silicon, doped silicon, or it can be coated with any other thin film capable of

withstanding subsequent wafer bonding and processing temperatures.

[00043] In step 602, the device layer 110 of device wafer 100 is bonded to the
surface of the substrate wafer 300 using conventional silicon fusion bonding
techniques to form a device pair 450. In one exemplary fusion bonding technique, the
opposing surfaces can be made hydrophilic. That is, the surfaces can be treated with a
strong oxidizing agent that causes water to adhere to them. The two wafers can then
be placed in a high temperature environment for a period of time demanded by the
quality of the bond. The silicon fusion bonding technique described above bonds the
substrate wafer 300 and the device wafer 100 together without the use of an
intermediate adhesive material that could have a different coefficient of thermal
expansion than the single crystal silicon wafer. Fusion bonding can also be performed
in which oxide layers are formed on the bonded surfaces of one or both of the wafers.
[00044] In step 603, after the opposing surfaces of the substrate wafer 300 and
device layer 110 have been bonded, the handle layer 120 of the device wafer 100 can
be removed using a wet etchant, such as KOH or TMAH, that stops on the insulator
layer 115. Additionally, insulator layer 115 can be removed using wet or dry etching
techniques, leaving only the bonded device layer 110, whose non-bonded top surface
is now exposed. Additionally, in step 604 passivation layer 170 can be deposited on
the non-bonded top surface of device layer 110 using, for example, silicon dioxide,
silicon nitride layers, or combinations of both to properly insulate and protect the

device wafer 110 during both the manufacturing process and operation.

[00045] With reference to step 605 of FIG. 12, one or more sensing elements 140
can be added by diffusion or ion implanting of, in one preferred embodiment using
piezoresistive sensing elements, low doped p-type material into the doped n-type
device layer 110 near the edges of diaphragm 130, which can be formed as part of the
device layer 110. For example, Boron implantation and diffusion at high temperature

may form piezoresistive sensing elements 140 within device layer 110. The sensing
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elements 140 can be positioned to sense flexure in diaphragm 130. It should be noted
that any number of sensing elements 140 may be employed and their exact
positioning relative to the diaphragm 130 may be different depending on the particular
application, expected pressures, sensitivity requirements, and the like. Additionally,
one or more interconnects 150 that can provide electrical conductivity to the sensing
elements 140 can be added by diffusion or ion implanting of highly doped p-type

material into the doped n-type device layer 110 overlapping to sensing elements 140.

[00046] In step 606, one or more interconnect channels 400 that provide a
passageway along the pressure sensor 10 for various conductors can be etched, in one
embodiment, into device layers 110 and 210. First, as shown in FIG. 11, passivation
layer 170 is etched using dry or wet etching techniques to define the location of the
interconnect channels 400 on the proximal end of the pressure sensor opposite the end
comprising the diaphragm. Once the passivation layer 170 has been removed, one or
more interconnect channels 400 can be etched into device layer 110, and optionally
device layer 210, through wet etching techniques, for example using KOH or TMAH.
In one embodiment, interconnect channels 400 are etched to form a series of spaced
apart v-shaped grooves, as shown in an exemplary cross section of the proximal end
75 of the pressure sensor 10 shown in FIG. 13. Interconnect channels 400 allow for
the later connection of one or more conductors to the proximal end 75 of pressure
sensor 10 while maintaining the small, elongated packaging required for some

applications, such as catheter tip pressure sensors.

[00047] With reference again to FIGS. 11 and 12, in step 607 passivation layer 470
can be deposited on the surface of interconnect channels 400 using, for example, a
silicon dioxide layer, a silicon nitride layer, or combinations of both to properly
insulate and protect the interconnect channels 400 during both the manufacturing
process and operation. Additionally, passivation layer 170 can be etched using dry or
wet etching techniques to expose the interconnect 150. In step 608, metallization
layer 160 can be added, providing electrical conductivity from the proximal end 75 of
pressure sensor 10 to the sensing element 140 through interconnect 150.
Metallization layer 160 can be formed of, for example, gold or aluminum, and can be

created to a desired thickness to suit device design needs.

[00048] Substrate wafer 300 can be thinned using conventional etching techniques

to accommodate given design specifications and thickness requirements for pressure
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sensor 10. In addition, in embodiments, in which substrate wafer 300 is an SOI
wafer, the handle layer of the substrate wafer 300 can be removed using a wet etchant,
such as KOH or TMAH, that stops on the insulator layer. Additionally, the insulator
layer can be removed using wet or dry etching techniques, leaving only the device

layer of the SOI wafer containing the vent 300 bonded to the device layer 110.

[00049] With reference to both differential and absolute pressure sensor
embodiments described herein, each etche made during the fabrication of pressure
sensor 10 can have any chosen geometry and can have any required depth depending
on the particular application. Additionally, the etches need not have a single, uniform
depth, and the resulting etches can be isotropic or anisotropic. The selected depth and
geometry of each etch can be selected to alter the design characteristics of the
resulting pressure sensor 10. For example, the thickness of device layer 110 and the
size and shape of the diaphragm 130 dictated by diaphragm cavity 230 can be selected
to determine the sensitivity of the resulting pressure sensor 10. The selected thickness
of device layer 110, which can be arbitrarily chosen and precisely controlled in
manufacturing the SOI wafer, leads to improved control over the flexibility of
diaphragm 130, and therefore improved control over the performance characteristics
of the resulting pressure sensor 10. Additionally, the planar manufacturing processes
are ideal for manufacturing purposes and can increase not only the fabrication yield,
but the overall reliability and long term performance of the resulting devices.
Accordingly, uniform control over the performance characteristics of the pressure

sensor 10 can be achieved.

[00050] The above detailed description is provided to illustrate exemplary
embodiments and is not intended to be limiting. Although the method for fabricating
a sensor has been shown and described with respect to embodiments which measure
pressure, it will be apparent to those skilled in the art that similar techniques can be
used to fabricate sensors capable of measuring other parameters. For example, it
should be recognized that although various exemplary embodiments of the sensor and
associated methods of manufacture disclosed herein have been described with
reference to various catheter tip medical applications, the apparatus and method of
manufacture are useful in a wide variety of other applications not explicitly described
herein. It will also be apparent to those skilled in the art that numerous modifications

and variations within the scope of the present invention are possible. Further,
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numerous other materials and processes can be used within the scope of the
exemplary methods and structures described as will be recognized by those skilled in
the art. For example, it should be recognized that the p-type and n-type materials
described herein can be used in an alternative fashion, e.g., by replacing p-type
materials for n-type materials and vice versa. Additionally, it will be apparent to
those of skill in the art that the sequence of steps identified and described in various
exemplary embodiments need not occur in the sequence described, and that in other
embodiments various steps can be combined, performed in different orders, or in

parallel and still achieve the same result.

[00051] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal language

of the claims.
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607 Process step 608Process step CLAIMS What is clained is. 1. A

met hod for fabricating a sensor conprising the steps of: formng a
di aphragm cavity that extends into the top surface of a substrate wafer,
the top surface of the substrate wafer conprising silicon; bondi ng

said sil il?z?ﬂTtS plsﬁurface of said substrate wafer directly to the bottom
surface of "as device wafer, the bottom surface of the device wafer
conpri si ng. Si Ill_con,' wi thout an internediate insulating layer formng a
di aphr agm™over: "§&HF GPEPhr agm cavity, wherein said device wafer conprises a
devi ce | r vipsseerd | i con bottom surface forns the silicon bottom surface
of the detd ce Rwarieral eed handl e, and an insulator |ayer |ocated between said
devi ce | a\®r dpavigawvafehandl e; renoving said handl e and said insul ator |ayer
from sai dl ldeviBevivalhedr; pl acing a sensing elenent, in said device
| ayer proNismatigsid@bdlagtiaphragmto sense flexure in said di aphragm and
form ng anpoi ntgs A&t channel by renpving a portion of said device |ayer.

130  Diaphragm

140  Sensing element

150  Interconnect

160  Metallization layer

170  Passivation layer

200  Device wafer

210 Device layer

215 Insulator layer

220  Handle layer

230  Diaphragm cavity

300  Substrate wafer

310  Upper substrate surface

320 Bottom substrate surface

330  Vent cavity

332  Vent recess

333  Vent channel

335  Vent outlet

350  Thickness indicator

400 Interconnect channels

450  Device pair

470  Passivation layer

501  Process step

502  Process step

503  Process step

504  Process step

505  Process step

506  Process step

507  Process step

508  Process step

509  Process step

510  Process step

511  Process step

512 Process step

601  Process step

602  Process step

603  Process step

604  Process step

605  Process step

606  Process step

607  Process step

608  Process step
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2. The nmethod for fabricating a sensor of claim1l1, wherein the step of
formng an interconnect channel further conprises the step of renoving a
portion of said substrate wafer. 3. The nmethod for fabricating a
sensor of claim1, further conprising the step of formng a netallization
| ayer that fits at |east partially \A@m aid i nterconnect channel.

4. The nmethod for fabricating as sen claim1, wherein said sensing

el enent Wﬁ a gli ez%{).e_si stive sensing el enent. 5. The method for
fabri catVIY "R8ERGP of claim 1, wherein said substrate wafer conprises a
doubl e side polished sem conductor wafer. 6. The nethod for

fabricating a-sendometifoddpefiahiicaiion & senser ebnnrisigrtbe stepaolr conpri ses a

device | ayer ’fo@ﬁn%gﬁg e?éﬂm !cgylfgrthatgée)@?rﬂishﬁewﬁto Iuﬁ‘%ﬁ%ﬁﬁg@&tﬂawwgér’,%e The

| ayer is |ocat n sai evice layer and sa
met hod fter surfaseiaf the sibstiateavaien capfprising stion; f urt her conprising the step of
removing said handl e and said insulator |ayer fromsaid substrate wafer.

8. The met hotohaingfsalr dikahitoy safsRnsi@aiddubetrateater ARRINRIIthe DolomePaEe
measur es ,absol ut e met hod for fabricatin a sensor

essure,. ... The | .
of cl ai M FRRIH ‘t"%r@r’ttﬁ?&H@@ss%?acgaﬁg“dh%lé\‘?f”éﬁ Wal§leroraRitsing Piliean, pifgout an
sensi ti viteynedfiats ahsli@g I8fer forming a diddhraghh @versdi@ diabhraghabaitg alvhégindsafensor
of claiml, wherein he step of forning a.digphragmcavity that extends into
the t op EYFe AAETGPMPISE S CPYPE AT WOtk HfitanRtombaARg forms-t6m SiERD bRISBhr agm
cavity kayhdegot teededitesivaeryed handi®adng ah nduegert IBgsr lbtatéd®etieedtsant GeWed er .

layer and said handle;
removing said handle and said insulator layer from said device wafer;

placing a sensing element, in said device layer proximate said diaphragm to sense

flexure in said diaphragm; and
forming an interconnect channel by removing a portion of said device layer.

2. The method for fabricating a sensor of claim 1, wherein the step of forming an
interconnect channel further comprises the step of removing a portion of said substrate

wafer.

3 The method for fabricating a sensor of claim 1, further comprising the step of

forming a metallization layer that fits at least partially within said interconnect channel.

4. The method for fabricating as sensor of claim 1, wherein said sensing

element is a piezoresistive sensing element.

5. The method for fabricating a sensor of claim 1, wherein said substrate wafer

comprises a double side polished semiconductor wafer.

6. The method for fabricating a sensor of claim wherein said substrate wafer
comprises a device layer, an insulator layer, and a handle, wherein said insulator layer is

located between said device layer and said handle.

7. The method for fabricating a sensor of claim 6, further comprising the step of

removing said handle and said insulator layer from said substrate wafer.
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8. The method for fabricating a sensor of claim 1, wherein said sensor measures

absolute pressure.

9. The method for fabricating, a sensor of claim wherein the thickness of said

device layer determines the sensitivity of said sensor.

10. The method for fabricating a sensor of claim 1, wherein the step of forming a
diaphragm cavity that extends into the top surface of a substrate wafer comprises forming a
V-shaped diaphragm cavity haying tapered sidewalls that join together in the substrate

wafer.
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