A SENSOR AND METHOD FOR FABRICATING THE SAME BACKGROUND OF THE INVENTION
[0001]The subject matter herein relates generally to semiconductor microelectromechanical (MEMS)
based sensor configurations that can be used to detect small forces or flexures generated from
mechanical stress, chemo-mechanical stress, thermal stress, electromagnetic fields, and the like.

More particularly, the pugERSURIANISHIESEdDE 0 ReFASRICA MNY S Bassdpressure sensor and a
method for fabricating the same. [0002]Advances in semiconductor microelectronic and MEMS based

sensors have served greatly to reduce the size and cost of such sensors. The electrical and

mechanical gapstgsal SiicoFMaPSRNGIS @Ne been well chronicled. Silicon micromachining and
semiconductor microelectronic technologies have blossomed into a vital sensor industry with

numerous pradidal appREEHRIEG SPANGE REL I G BES PRGN IOFBRILSIRE sensors, acceleration

sensors, flownseoedsstionieichirieASOVE B bRBeNeBBeC baniipestibacus, mplisalard RF switches
and attenuators, microvalves, inkdﬁt@grint heads, atonpf'c force ,migrosco y bips and the like a]re widely

known to haPEYSthRIMARIARESP iR 'GAHERR HPHEIRGHLAM RIHGE In S0RA0ARFGEBREA industrial

and automoiyrgatkeisndhsreigh slengihfiastictelrd#atikenoentpicaourakesitan ideal base
material for rﬁebﬁgnant structures that r?{%/, for example, be useful for electronic frequengy control or
sensor struc ?.CEUEF%H&H?@% A0dFAER LA RIRRTY EriF 3% & hand-held tire

pressure gawgesh otpio iedingiaieg) shis@amécromachined sensors. [0003]The demand for silicon

[ ing fields of ti to fuel df iff t sili
icrosensor JOORheiA M Con AP OHR 2RI B SR P BTSSR lpcations.

Unfortunateliiagedsawlatlyrefiigdii oedl bl sikeos ani¢ romashseng deshmige esdeasdagandhat the
contours and geometries of the.resg)tpin silicon microstructures h&ﬁ%ﬁ/ een sil%nifi(}ﬁ?ﬂ% limited by the
fabrication n{B g@' r%%‘?gﬁ%%? CRIHG SifRhostReR EHSREFE 5 Qchniques is
constrained, ritigparhdeyithiegaistbs ontedatiorsodinsiticos sctbshigias | oylisivi H Ibesgeesdetry and

miniaturizatioleffors fm%@/dﬁsir?d strt ctures. [)0004 T(rge in reatlsin use of microsensors to
measure pre!Q XN §En d7qustry with'numerous pra taggplications. For instance,

micromachined silicon pressure sensors, accelaragasors, flow sensors, humidity
sensors, microphones, mechanical oscillators, alpdied RF switches and
attenuators, microvalves, ink jet print heads, atdorce microscopy tips and the like
are widely known to have found their way into vasapplications in high volume
medical, aerospace, industrial and automotive ntgwrk€he high strength, elasticity,
and resilience of silicon makes it an ideal basterna for resonant structures that
may, for example, be useful for electronic frequecantrol or sensor structures.
Even consumer items such as watches, scuba digungraent and hand-held tire
pressure gauges may incorporate silicon micromachsensors.

[0003] The demand for silicon sensors in ever expandigdgdiof use continues
to fuel a need for new and different silicon mi@asor geometries and configurations
optimized for particular environments and applicas. Unfortunately, a drawback of
traditional bulk silicon micromachining techniquess been that the contours and
geometries of the resulting silicon microstructunase been significantly limited by
the fabrication methods. For instance, etchingail structures with conventional
etching techniques is constrained, in part, byctigstal orientations of silicon
substrates, which limits the geometry and miniaatron efforts of many desired
structures.

[0004] The increasing use of microsensors to measureyseekas spurred the

development of small silicon plate structures usadexample, as capacitors and to



development of small silicon plate structures used, for example, as capacitors and to produce
electrostatic forces. For instance, there exist microsensors that measure capacitance using an array of
interdigitated polysilicon plates. Similarly, there exist microsensors that produce electrostatic forces
using an array of layered plates. Further, there exist microsensors that measure the flexure, or

bending, of gilisancireieitiosiaiefnenase oioieaastEhBRIR AficHiScHsersalipifhsure
[0005]Measurements of biological parameters using microsensors are becoming increasi,ré?ly common

and importa SRR BERCH AGHIS RO MY ARG HIRIBIF G HEb Qe solflapIiais X -vivo
catheter tip PRRGYIsENSORS ARBHEOISRS BIsBRaSHBECItICE goantbiea)resryeret giftaential pressure

based on a %ven reference pressure, such as atmosgheric ressure. For _examgle_ _differential catheter

tip pressure SHHS6Ys TGS PREQSAFS that HiHeeeh Ah RN B stigh pressure

changes witkin b respiradaposysientvrite sesrechioptvparbaredligssure. The expanding fields of
use of microglectromechanical devices gb%i neral, and of catheter t&) ressure sensors in particular,

has created KU&hand YASHEPLAIRP ?@Jrﬁafﬁmﬁf@fﬁ YsEe HUEHER R RI'Stucing
smaller devigas&agirfyly alsmmohiusensipvadatsimel sthadig gRdate esalast Wideheangoe effectively

manufactured in high volumes. [OOO@ Sensors manufacEJred through conventional fabrication
techniques aTH"RERER WAlTPOAHARR PSi28-YhP FAREBRIE ST @ RAMYRES BE é18ﬂé§?ed nature of a
catheter tip pressuie sHnRaTaBsvilies pthes slestocaiitorntsians exead Hom gnerenefeidhessensor,

typically th d that i ti ted, to th [ ' f the ice, Th ti
crmonta IRHLE S O 3 SHaREeDFREERl ) b MR IRL R G EL P ol mal size

of the devicesandrthedhibeatee tof ieageoaneiei ésamathconaaiiiongliasbaigugs ésspreducing such
micromechanijcal devices risk both breakage during the manufacturing process and potentially
ol e b

diminished ré gﬂﬂﬁﬁiw NOQ FER IR p?é(,sé?ﬂa LeaBSHUQRR lﬁpoﬁ?&gﬁ?e ors measure

pressure relatiyatelingeierencs psesstnsiceoetsttfonetimarmdieb t0igexteanadnefefabgtgssure
must be supplied. This is typically done th a fine capillary tube that is run to the catheter tip in
& s 54

oarallel with IRPERSSHTEPEDRERIbRE Hehg T b A OF ETL PSS 6 Sration can
result in thickarfpeokaging didhe Isenseeandifisolnepuidodomyabat becicasnbtircbedsofhityhing

T R RS SR R AL R oo
the vent poriyalucheds sawing, that can result in entry of debris into the vent port and diminish both
aceuracy ang by I L N IFh R Ay A 98 B O TRYISS FaBteH lgTanyfacturing highly

limited with respect to their size and packagif@r example, the elongated nature of

a catheter tip pressure sensor requires that iel@otonnections extend from one end

of the sensor, typically the end that is not iresirto the sensing portion of the

device. These connections can detrimentally imfhecsize and shape of the

resulting device. Additionally, because of the Brsiae of the devices and the thin

nature of the geometries used, conventional tedesidpr producing such

micromechanical devices risk both breakage duteghanufacturing process and

potentially diminished reliability in the field. dF example, since differential catheter

tip pressure sensors measure pressure relativeeterance pressure, a vent from the

sensor to an external reference pressure mustpdiedt This is typically done

through a fine capillary tube that is run to théheger tip in parallel with the electrical

connections along the back of the chip. HoweVes, ¢onfiguration can result in

thicker packaging of the sensor and can resuliervent becoming pinched-off

during measurement. Other fabrication techniguegsi@y side vent configurations

that exit the chip through vent ports located oa ohthe chip edges, but which



sensitive pressure sensors that are not only small in size, but which can be effectively produced in
high volume. BRIEF DESCRIPTION OF THE INVENTION [0008]A sensor and a method for fabricating
a sensor is disclosed, in one embodiment comprising a vent cavity in a substrate wafer extending from
the top surface of the substrate wafer to an exterior surface of the substrate wafer, a first device layer,

wherein the kajtare sdbrrmaf giedussidgweepaxerdrhanamsiortheueh sganmef, said suhstrate

wafer, a diaphragm cavity extending through the first device layer to the vent cavity, a second device

layer, wherelGTHE BoRBIY QiFeSaHR LS URRt ARSI R RCF 15 aRY% 80 SEPRRIET the first

device layer [tgoform a diapilirope GARLING GEaRKY a9 6AIE anEtRcE REIGEIeNtR higHlye second
device Iayer%éx_imate the diaphragm to sense flexure in the diaphragm. BRIEF DESCRIPTION OF

THE DRAW RSB HRHEESSUIREHIEAaANRT HEPRLIP BN $NHEF OHF WG e A ElIPBENerstood,

a detailed deseripiten af tighnksiofigsn 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, foRREEFCOFEST e TIOAN I BHeompaEssgsarther equally effective embodiments. The
drawings are not necessarily to scale, emphasi nerally being placed upon illustrating the features
of certain erﬁ% ent§ GANVEHAD aﬁ'mf@fbcf %ﬁ%@rmﬁf@g@%&%@?@ﬁﬂ SHvEhROA, reference can be
made to the éolibsdng sletatecrishegiptivent eadiip LoaretismRiiihake tda hasirtivérep: [00010] FIG.
1 is a cross secgional iEW of an exer\zfalfar% diﬁerentia{’é)resség] sensor.in oneaﬁgrbo iment of the
invention. (0O EFRI BGSHRSHALE BN FHe P Hib SRR BB ARt Bevice wafers
and an exenaicesabeiraithuraiertheasoteoialsindie @ olifiescidvicer kgau & simirdneteeanpodiment
of the invention . . . : . .

surface of said substrate wafer, a diaphragm caxitgnding through the first device

layer to the vent cavity, a second device layegeneim the bottom surface of the

second device layer is bonded to the top surfatkeeofirst device layer to form a

diaphragm over the diaphragm cavity, and a seregmgent in the second device

layer proximate the diaphragm to sense flexur@éndiaphragm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the features of thention can be
understood, a detailed description of the inventi@y be had by reference to certain
embodiments, some of which are illustrated in ttmepanying drawings. Itis to be
noted, however, that the drawings illustrate odgtain embodiments of this
invention and are therefore not to be consideradiihg of its scope, for the scope of
the invention encompasses other equally effectiveagliments. The drawings are
not necessarily to scale, emphasis generally h@aged upon illustrating the features
of certain embodiments of invention. Thus, fottier understanding of the
invention, reference can be made to the followiataied description, read in
connection with the drawings in which:

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

[00011] FIG. 2 is a cross sectional view of two exemplaligan on insulator
device wafers and an exemplary substrate wafer tastdbricate 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 exemplary substrate wafer with vent bonded
to a first device layer with diaphragm cavity bonded to a second device wafer in one embodiment of
the invention. [00014] FIG. 5 is an exemplary substrate wafer with etched side vent in one embodiment

of the inventjonofdPOLFIEIG. i imasxerqmlatsSuRsI IR witheished sidrsand bottom vent in
one embodiment of the invention. [000161[FIG. 7is an exemﬁégﬁ/g substrate wafer with etched bottom

vent in one eiHEEATRGRDEMEFIFSEHYRTTODOTE BT OgiTg MR substrate wafer with vent
bonded to a it ORVicEiayer witth @RphpEIY evbraendeddovdberondsf vice fryeaaddag an

interconnect channel, sensing element and interconnect in one embodiment of the invention. [00018]
FIG. 9is an W%WWB@&%@'H&WBY@WQ%%B g SRR GRS 0L ABPRA R L A odiment of

the inventionhREMtBIE. 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 js an exemplary absolute
pressure sexggpqﬁl]oné: éﬁlb‘%lﬁrﬂalﬁﬁﬁrﬂﬁ’iﬁ%%%?{e waler with etckidd vent inon

embodiment of the invention.

[00015] FIG. 6 is an exemplary substrate wafer with etcdidd and bottom vent in
one embodiment of the invention.

[00016] FIG. 7 is an exemplary substrate wafer with etdhaitbm vent in one
embodiment of the invention.

[00017] FIG. 8 is an exemplary substrate wafer with vemtdsal to a first device
layer with diaphragm cavity bonded to a secondaelayer having an interconnect
channel, sensing element and interconnect in ormdiment of the invention.
[00018] FIG. 9is an exemplary process flow for fabricatindifferential pressure
sensor in one embodiment of the invention.

[00019] FIG. 10 is an exemplary cross sectional view ofaxional side of a
differential pressure sensor in one embodimenh®ivention.

[00020] FIG. 11 is an exemplary absolute pressure sensmrarembodiment of
the invention.

[00021] FIG. 12 is an exemplary process flow for fabricgtam absolute pressure
sensor in one embodiment of the invention.

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

absolute pressure sensor in one embodiment ohteation.

DETAILED DESCRIPTION OF THE INVENTION

[00023] An exemplary micromachined pressure sensor candae oy forming a
cavity within a silicon structure and a diaphragiaaent to the cavity. In differential
pressure sensor embodiments, the cavity is corohézi vent that provides access to
the cavity from outside the sensor, either throtighside, bottom, or combination
side and bottom of the sensor. For an absolutspre sensor, in which
measurements are made in relation to a selectecknefe pressure, the cavity can be
held in a vacuum or a selected internal presstine pressure sensor measures

pressure by sensing the flexure of the diaphragmgxXample how the pressure acting



[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 withingnhsiiearosirdriererane aiginnamacriseemgritgneavivardz difbereariahpressure sensor

embodiments, the cavity is connected to a vent that provides access to the cavity from outside the
sensor, eithéSPP B A AR BB & B BHgED P e aaPyRISA ¥ ARSI S bF&n absolute
pressure sergaiefledtiiaiompastiegineagsare made in relation to a selected reference pressure, the
cavity can be held jn a vacuum or a selected internal pressure. The pressure sensor measures
pressure by SNEAl (6l Fexkife 31 HEEIRARAGHAS Tor et oBl N HE B PEESEH on the front
2ges of e IaBhrAD DSl sens (e Tt of deiscton of the dapnradm. 1000241 FIG. 1 1 an
edges of the diaphragm typically sense the flexure or deflection of the diaphragm. 4] FIG. 1lis an
exomplary CISSSUE SRR OIS S AU AP R SO PR SEURLIA ST ety 330 i

one embodimefieo guicinyeation onecemieiATss E0rnpridiapatHisi@lwrtcdreeainig the
pressure sensin mprise f(he tgi%_of the catheter that

g %h ments of thg_devi?e that, in one embodiment, co §

can be inserBBRARE AR TR AhpIRMRG ARARUTBERNZLORY SYSIEM, 10F 185RY pressure
rr:easurelllrnerpru%s{%t&@atmrr]easar@tr;llfelﬁscafnr@&ug@g@mxspromrnaiMaYh prihvahcdrehe vanpaktecah
electrically coupling with other devices for reading and processing the pressyre measurements.
100055] Pro B RRBHED P B SR GO RETATER WAISACIPEaRE FFOCESSEd A8 bonded
together, forgnsagunie veasiiennemsnsulator (SOI) semiconductor wafers and a double side polished
(DSP) semi or wafer, or three SQIl wafers. FIG. 2 shows three exemplary starting wafers in one
embodimenﬁ%@%ﬁ inv\gﬁﬁaﬁgﬁéﬁ@é% Qr‘s‘,aibBeamf‘QH E&Hefge@@l%@fgfg 'ﬁéedevice layers 110
and 210, inspletsedayerandlbarnibd 1bgetitbhdodexiaypie tamailich 226ulktepe¢sd®Rly. Device layer 110
can be a single crystal silicon substrate which, in one embodi can be 1 to 10 j.tm thick and have
-type dopiret BB Ry SE o o LRI SIS ARSI LABLRATHHRLR, WALRe Smbodiment
can be a thickres Ssalleiést 40 FiERt DaHmuiatiiesigrappliligaianaiensd whieharabddineenttype or
p-type dopin he thickness qof the varigus layers of SO fer can be precisely set using
Comventional SF RIS AR Lr LRV s FEOH SRS S PL - OB Lo s EAAEB e thickness
of the layersidelexni il 0)ersulisenuayd epelstingochdbachedit tesbf sl prasduzegensor 10, as will be
described below. Insulator %\{ﬁrs }15 agliqzw cgn, in ?}?%T mbcidiment bﬁsgico .dioxide and range
between 0.05 1t t0"E ¥ R thicic Pahdre 147885 50°4 %Bséé%OBeSHEé % edﬁﬁ' e 'Be¥i%e wafers
100 and 200emespaiotgnty ceurbe the fitarthiaktandd avecesgpardbpargbebovate thyectzdigat the
insulator layers 115 arld 215t e}re.lpositio e b?tweaenﬁthe d%\g)ce l?ﬁ/e@ 110 %nd Qt%o Emd the handle
layers 120 a g QZQ'(!)n geesﬁgﬁl\?e EEhalE %{/aer% G Ing SFPOIN LMsise (r)'f, ?o?ex'a‘fm?ﬁg,s n-type or
p-type silicosdiacted tothaetiesrtimiiaecie00 R ddicaaRa)windneaniizvdimappesobgttgfewafer
300 can be %goluble ‘ﬂgeet Pé'srpeedsséggﬁn y/vaflgbgv iCQr inO em 8picmﬁrbtécarn be ?rOCS) Rt’m to 600 Rm
thick and have I%que or p-type doping. i GheHR NG amen S, a0 3l Warr 300" cAR be a third SOI
wafer. Togetsinglotiviektienae S Ofl it [y aneust tayeris g aeyimmsinapith € andss sedetadsubb chatbe

selected suqp hat he o %Ei'hter‘s“:@e@% o t@?sdaeevt‘é’rerriPnSﬁ(ﬁeembSH{”SGEtra i) %3?& B LESS:
[00026] With LSS again 1o RIS, , pré(ssure sensor 10 can be co prlseg Of device 'Iayer 110,
device layer &lib@pdesshse senaafdi03@8. \Ohde desmesanbilg sl Eioerits/é0] idr ardrapte p-type
piezoresistive_sensing elements. ca trategically impla r diffusecwithin the device layer 110
to sense flex%ar%’ilnﬁtﬂﬂe& @(br? é{m%ﬂﬂgs% %[ggﬁjgéogednesgp @é%ﬁ%%seg i?b(?ggé %arl%'stslk}ﬁion layers 170
and 470 thatlo®k.cotesisiefafmrexaeEeda? 2ill aam dexide daytoe adsiicenvafeds 180eanor 200pmbination

of both. Passjvation.layer rovide insulati r ion e sensor 10
during manuﬁf%fﬁ)lﬂIE r#fé/%;{ ’dacL)]E)TerQ attlr%% ?é%\ngj ?)gr rﬁ@)l'egiﬁt@%%%ﬁg%@q(%g’ %%%@%%%ﬂcﬁé\%@q ayer 110 can
electrically cmspletondayeradkdsandi2d 2leragusitdiied biedvideesitoad thgepsesb0@seR$0r 10, while
one or more metallizati rQy| tric i interconnects 150
and the prox{f{ragtlﬁet%Zdﬁl g@c&?‘t@%&e@%@%@%r?s%cﬁl’eigéz)%cﬁwlégq ﬁ!%qélsésgu?eﬁ Esyé%?s&c])?%?n é?e‘ electrically
coupled to otiesiiit o oexampietiotynhrougkyfe skamping altackakssHmoneen 200 to

600um. In one embodiment, substrate wafer 300 candmible side polished

silicon wafer which, in one embodiment, can be g00to 600um thick and have n-

type or p-type doping. In other embodiments, salbstwafer 300 can be a third SOI



[00027] With reference to FIGS. 1 and 3, an exemplary differential pressure sensor 10 and operation
thereof is described in one embodiment of the invention. FIG. 3 is an exemplary top view of a
differential pressure sensor 10 illustrating an embedded vent cavity 330 in one embodiment of the
invention. Dotted lines in FIG. 3 depict exemplary embedded structures within the pressure sensor 10

that form theygat 33@gethle dnshefclines de & UF tedriticiarsmapianPinpirasuza\dBndap
embedded within pressure sensor 10. Pressure sensor. 10 og%;ates_ by,measuring flexure in a thinned

structure or dASRFEMSEIBASHREhiBal e qyerahhiskeruRdercin @At BRIEd in device
layer 210, whigh e [3Hecbadeeen substrate wafer 300 and device wafer 110. The diaphragm serves
as a flexure structure in pressure sensor 10. Vent cavity 330 connects diaphragm cavity 230 to the
exterior of pld99aR seldth i@%ﬁ?&ﬁ@rﬁ%&?&ﬁlﬂén@cﬁ/ﬁﬁ%f§3%eﬂémlﬂ% CRTORKFEIless 332

connected teithecdidjppgnocaeiicédayandegtandingiiiniehede saiséraienintesdR8ing a vent outlet
335 that opens to the exterior. As the pressure above the,dia& ragm 130 chang)%s, the diaphragm 130

h
will flex towaFRTS R AG PR BPIRIH PbRCRIGRPE3YSHYSIRE Sy R (e SHRARHVoutlet

335. The elongsitestedroeidifsbthwipesteaisensorale capminvetiiexursivtReeiison 10 to operate
as a catheter tip pressure sensor such that the portion of the pressure sensor 10 comprising the
sfich il 4dhet

diaphragm 131G B ifdERaU MRFRIABIR ARG R EH LD r
bIoodstrheamcavhﬂeﬁbrsm@ntfguégaa%ﬂe:eaé@inﬁ)ﬁmloﬁmét@mm&tﬂﬁimnﬁk@ew@rg@@ent, fr?r example
atmospheric pressure, ther, raviding differential pressur asurement. [00028] Diaphragm 130
ol o TR I L R g Ut Y By o A0 HNE LN Ao o e
diaphragm tddrfiensupecissdiapbeagor 180cain ¢ endelieiedaby ope etimereransingerements 140
formed in dé@%e layer 110 r near, the edges f@dia hragm 1 O@Inr%ontla embodiment using
ezoresiot DGRBS e LI aE P B0, CREHRRAIN 56 UelE BOBEIE Ao via a
circuit, such sensind)ehdsheneshr iy eocineudxeeitioe Hkehdnteccamnsstad Lgindeoneeos mpesesinterconnects
150 attached to oln interconnects 150

ization | 160 that tend f t
o mio S R P BB AR oY Ly B LR D o) SFZCPI GRS 220, to
the proximallStiafil ahthprprissurenseNS @f 10e Areslaniei calribtarthc ar ik presiived@dnsaran be
attached to the ends of the metallizatign layers 160 to place the pr re sensor 10 in electrical
Communicatil L N e, SIS AR G o BG5S CTORCLl (R OB Pvaries with
the flexure oledidpittagm&80. Thus, measurement of the piezoresistive resistance of sensing element

140 can be used to determine the amount of flexure in diaphragm 130, and thereby determine the
pressure ex¢0@@Pdh the/gbrrsder¢Doe2] ARG Exdnapid ), proexssrfplaiztnititih g e sHicensemssor like the

one illustrategi 1] i ith, reference to FIG r 10. FIG. 9 mplary
process rovjﬁ%r% {g%?fgétﬂlﬁtd%ip(gﬁ%%grﬁgI%pér%(éliﬁ?é ére]:r?sncér Mﬂ%‘@% Hg\é%{jﬂpgbf%%' ieﬁ,)\(/l%ention. In
step 501 of RiGegevgianetesy @32 ol arditieaemniih 33 ssuhessrt Il tlksB3ding ioretoyetidedan form
the vent cavity 330.in.pr. e sen : for . bstr. r 10 of
substrate Wé%ﬁ?g%%gr% Ssttilén?iar &%"%@%ﬁ grﬁéﬁﬁ?&%{k% #égg iﬁ@é f'f; @r@ e céulgr%ecgsing deep
reactive ion etetHingqdYRIB) edeleckshingtwigls potaisstbm preseriis (OORYtdotatrdaettgtaithonium

the vent reco e R e Ly D T A e s,

[00030] As shislun prese e Semsnighl7, difsseie stehsgedrbtardry cardsyengpitgyededfam recesses

th { ' ' '
gcr)]nfig ﬁgﬁgﬁ@ﬁﬂ%&ﬁéﬁe“:’%@g‘g&%ﬁ%@%ﬁﬁi?ﬁé& évdzﬁ? égﬁg@@@i&%@%ﬁse vent é/onfiguration
in which vencaxitieR385donad indpecinigyer 2 EiHevbichdstedthaiveearncs @3drateotateedifbdiments

include g e AL Sher 100 15 Ut (8 Ve oA ALt QU Sr R Werenial

pressure serdsbr YenFeoaeRagilesoniirttsrdigphtagin sridlp&tthe exte konioddirasstsethertssitom

substrate sukf r %Mﬁ i r&ﬁ%i | 0 shown
in FIGS. 6 arf%g %ﬁrlélagwrg%ﬁrﬁ@?ﬁn%ﬁ s?’é‘v%ﬁ%hc%%b%@m@t e é%t%grgsgﬁggtrate S%%é@éﬂg 0 of
substrate walEE0adetERYIBU230 I thdkasdinin ditatgBHE salerairiosd Y datecuony ABtEvith
opening on aefs fhe e Kb BRI o DAL AL AR B mgh/a FRaIBe T FARadimARt. shown
in FIG. 7, when tﬂiﬁ)o tom substrate sulrface 320 ovtllﬁl sugstrate wa elr 00 ?sq{t?kc\jfnne%ﬁto e m ness
indicator 350 @poragim eI withflex épaardg on anapdiesmibaipiiagescaidbe23inrelaiinmnte wafer
300 is formegh JOPOSL, I Gy this RhESEIMAI3RESURRL IR IERIRIAAR WitihusiecRyif 33Adandpd to a
first device layer 210 thlt%%iapfragm caq}lftey 230 bondeg r;f(% secon(\? deéﬁ@tsvafer 1OOH|n one
embodiment of the invention. With reference to FIGS. 4 and 9, step 502 in the fabrication process can
be to bond the device layer 210 of device wafer 200 to the upper substrate surface 310 of the
substrate wafer 300 using conventional silicon fusi@ bonding techniques. 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
nlaced in a hicdh temperatiire environment for a nerind of time demanded hyv the Aarnialitvy of the bond



insulator layer 215. Additionally, insulator layer 215 can be removed using wet or dry etching
techniques, leaving only the bonded device layer 210, which is now exposed. [00033] In step 504, the
diaphragm cavity 230, which can be a hole extending through the device layer 210, can be etched into
device layer 210 using DRIE, wet etching with KOH or TMAH, or other silicon etchants or the like.

Diaphragm GantulRs0 grRgraveersuiiseeam el inse fafech stelgipapiss irc e rosudrctat, and can
have any required depth, for example, from less than 5 microns to greater than 100 microns,

depending oM thEBHARAIAPERIRSIHER SHREMTLChoRER HSBHERD RABIR0 1598221 SPRELurfaces of
diaphragm ciiviiya3aedineh VeSK &aitip R38 pandir ey Rafastdia o, ISIsieireE aiicaphitopes silicon, or
they can be coated with any other thin film capable of withstanding subsequent wafer bonding and
processing (R AGCL TSR SHBF S5 1Bl G e APRIRIAS e AT G an be bonded to
the device layenasishefigriseswaieiedbpisptoviane alirnaimitiseorimeadinegdieatechniques to form
a device pair 450. In one exemplary fusion bonding technique, the opposing surfaces can be made
hydrophilic. ToGU28] thsyfasesrcadtowrill fatethwilatostonh e xidipina@geity 2e0 daases water to
adhere to them. The two wafers can then be placed in g high t ature environment for a period of
fime comandSHO Qe U P WRCdTSIEE e S0 TS ORBEHEANly (CeR RGBS device wafer
100 and deviiephiaden?Goageitey datecusdhsyuseeadamdontegpeidiaentsihiasivermateimatidvi¢eould
have a different cqefficient of thermal expansjon than the single, crystal silicon wafer. Fusion bondin
ca 2150 be UGB Wi o Agr oA R B TP SURELLL S e or both of the
wafers. [000BEZor stigti0 6 enitandreterppontheudastarddhs oy eietriape 1 20Canddevice 110 have
been bonded, the handle.laéer.lzo of thEldevice wafer 100 can be remﬁvi%using a wet etchant, such
t

as KOH or T(f{? %qugtds\(&)ap 8H?Hg'iﬁgﬁ ol ?a‘;'/v I° %pﬂ%f%tr%ﬂt ,Oln 5 ?’Iayer 115 can be

removed usiimjensirovadngetabing techarquese ledgnogrihesisatthidhde dodeneedagerel 10 exposed.
[00036] FIG. 8 is an exemplar ate wafer 300,with vent cavity 330 ed tg a first device layer
210 with iR DB A SR Lt P B R e e onmectin
channel 400inderingedeoterirield 400 foterednna=\viée layéndkbdibdimece tdybesiniéngiod. With
reference to . 8and 9.in ste sivation layer 1720 can be depgsited on the non-bonded
surtace of aamge B D1 B B D e B e O 5 0 o
combinationsufrbdédviceprapdrdy attsulacel 4mdheretedts thic it metianaiyrel $ A 60 o gplacth the
manufacturing progess a0 ppgan. (A SIPREOR ARE-NLMRiBRENSIY elemeLs 140 can bg added
by diffusion Or ion |mp?ant|ng of, In one préai‘errerTc] embodimen using piezoresistive sensing e%ments,
low doped pthgppiaraEsdive shasiopaiengnievdees svithfidnd 1o ofediaptieagige36f didgpisragm 130,
which can b%fé’é@uer%rﬁé&aé’rﬂ%égo‘%éjz%‘{%ﬁéﬁ%rr%%. R fer%SB‘f'MB9:'8‘%89&%8%““”5'0” at
high temperature may form one or more piezoresistive sensing eléments within device Tayer 110. The
piezoresistiveesersing thenaambsi cthof e yasitiorddabragnsd 3dxter ¢ v deleragmeliBe. 1t should be
noted that a e i esisti sing elements may be employed and their exact
positioning ryglt%% %h%@%a%gﬁbag{r% {g%%%?ay be different depending on the particular application,
expected pr¢66028%, sénsitviin phayyiioeess, fandathrickitioral ditiopalgg ke thernore interconnects 150
that can proyi i ndygctjvi ' | Eﬁl‘&%l d y4iffusjon or ion
implanting o‘f/lﬂ%ﬁg/?%@gg%tggeg r%é&ﬁleg}% m%gﬁﬁzgj%lp%eﬁ n-type g\ﬁcl%eral r’;f/eJE'lrg 1%01 é)\'/egrjlgpl)%i{ng sensing
elements 140x@iffulsiynooe begsdiaatitor tfbrisaling aldifferal® asidl insersPntdtinsMean be done in

individual St%?ﬁb‘?{dl?r%ﬁﬁrl%'ﬂw 'R, dRH8R NP0 PRRDISMGI LU eaanaCh CRRRARL 400 that

provide a passageway along the pressure sensor or conductors can be etched, in one
embodiment3§d@ddwiestiaytiet BBS antlich dogeikaneaniforaGle! pagitiv3Bornay@ssutecan be etched

using dry or ﬁs@ﬁ%@%%%@%ﬁﬁ&i 8ﬁg}%drpcﬁeéfh%%%%grg%ﬁl%dﬁﬁ&g‘@%ﬁﬁ&@%ﬁf‘d?ét%? on the

proximal en e pressure sensor 1 nlaye as been removed, one or

more intercoudiogt SiaanaElsSEN0carcistercist ieohiésiss IsydhyEThing usitgriasdeactveayer 210,
through wet %W@%ﬁgzﬂﬂrgfm %m%ﬁggﬁﬁ . éllgcglq%&mbodiment, interconnect
to foff shaped ¢

channels 400 are etch m a series of spaced apart v- rooves, as shown in an

exemplary cfelamedtiplaormenioxty@ieiderd biahb. srestieeBinstenishoiihénlikes . 1no.
Interconnectchannels ARG ARLARYaIE e rll?ﬁ%‘reatg%r?m&ﬁ‘&Q&%ﬁsﬁﬁ%ﬁ&%ﬂf’ﬁﬂﬁﬁ@lthe

proximal end 75 of pressure sensor 10 while maintaining the small, elongated packaging required for
some applic@fdnéokerddyaiseramib girsstuferseilRenented B35.



[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 protect the interconnect channels 400 during both the
manufacturing process and operation. Additionally, passivation layer 170 can be etched using dry or

wet etching {eooBEjUEAS SHERASNteEINBeRtdREh In sifielehl cieatalisriPodarss drfpraege added,
providing electrical conductivity from the proximal end 75 of pressure sensor 10 to the sensing

elements 14 (A80JRGARIEDIMENS YBBCMRUBRI AR RULPSP HEERSIFR I WaiHiedOdk PR eNEMble, gold
or aluminumgi#eetar 86t GRA ¢ th Agleatieasthigkoassci BE exirVIER I G e dse RQRZAYIN

embodiments, in which substrate wafer 300 is an SOT wafer, the handle layer of the substrate wafer

300 can be eI PRifG G LE RGO LAt BN BRI AL IBR 4B PRENAGAR:Br 1ayer.

Additionally, $far ipStHateuteiteandierrssm Ve sthingenti tigaeiagiacoieebm @ies, leaving only the
device layer of the SQT wafer containing the vent 300 boPded tg) the[l% vice layer 210. [00040] Lastly,

if the pressuf@TAAYAH SLE/BOHIM YPRIRABBR AN eSS PR @ibstrate wafer

300 can be tinicingd dawining diybetehisgvarayeanebiagibebriatesiisr 33& mniecusiigrieOH or
TMAH, to ego%e tggﬁ\%/ent _oTtIet 335 on the exterior of the pressure sensor 10 r%ofi)fgfl FIG. 11 shows
one exempl&H B BBERRBHRIPIRSRI BrRRLERE L8ndd R58 HHRRRL LR PQ&%E\Jum, or

other selecte@pressbiriitndatsedeiditoinehapataginrtaaB2@0saatbalafass00ecaenser 10 is an
absolute pressure sensor. In this embodiment, pressure measurements are not taken in relation to the
exterior presrﬁfpé)%?%léps% ,@5%&?&&?@%&’5 %%Lé %HY\%R%@%@%?SJH necessary. FIG. 12
is an exemplanbpiness ShvshownGire sirps thatinsiohe nasdmanked ¢asdveaiehanalesolute
pressure sensoy 10Q in one embagdiment of the invention. T iqgues employed are similar to those
i tabricating B AHAIEN F SRS L KGeD SEA L A DETEh Y B b A G vont the
pressure serg@nlitgcan betfatbricsice aisthpmtdyntobsubitrafendsadsdutingly, saraadewications steps
can be eliminated. In one embodim the apsolute pressure sensor,10 can comprise an SOT device
Water 100 a DEAB A SR BB 0k, INERCHFE PO B AR RS A2 PSR &P or 10 oan
comprise a fikgf &G0 0ley itenwaitbtol B2 ahidithe ssuivsticdeowaliih B0t camcaitpascopeeiteonSOT
device wafer, [00042] With reference,to F .1land 12 i 01, the diaphragm cavity 230 can
be etched dipé%t T ?%g{?a?gr&%%@ootgﬁ %ﬁ%%%t %W&@ith KOH or TMAH, or other
silicon etch he like. Diaphragm cayity 230 can, have,varjaus metrie r example square,
rectanguiar WO A0 s P S L0 R e e L
greater thand OGhdendos |alpgrentingitn diegp peatoulcaapypligftteddndtheahabdr\tiie kmates of the
substrate w. 0. Th f f diaphragm cavity C e.ei are siljcon,.oxidized silicon,
doped silicoarg,sgﬁﬁ Can Bgerﬁ ?‘égig@e \%v}t ﬁﬁﬂ% @%HSPC‘[?%'#‘] fi m'%a@gfrﬁ% togf@%%ténaﬁnagcé;u%géc%pe%{%afer
bonding andthededsgiatjae mpeEressrean[06da3jdndtbe ceipird?dOvidal myee Wafarf 2RVitethafer 100 is
bonded to t r 30 i ional sili | jng techniques
to form a dehﬁ%é%p%?’eﬂ%‘%‘?ﬁ §ﬁ@5§(%§1‘ﬂﬁfpu%%#%§§5§ r?é@ééwﬁ%@hﬁ%@%ﬁ%?ﬁg%éﬂaces can be
made hydrofindien TiesdisgHeckunigices. chndsee texategh baishfasontio @ iedizimgusg éhe thppesinse s water

to adhere to T f e i ' r i r a period
oftme dem OB By GR0 SEAT o (TS T Lo el SRS MIRA Y, Joove
bonds the substiategnadenBitahnalubesdeaics WaidheoD toidhe twithoafetisecasdlagmbéntermediate

adnesive mﬁﬁ@@&*fﬁtacﬁgqﬂ {@?{r@éaré{ﬁfge' %%fr%%ﬁh%ﬁm&f%?iﬁ%%%wqﬁéi”9'e crystal

silicon wafer. Fusion bonding can also be performed in whi ayers are ed on the bonded

surfaces of shabiylsftthefthedvafds. J0icoadBicndwoddapiriote ippisihg sukliatetcovafersubstrate
wafer 300 a ' : i F@ﬁggg r. ' er 100 can
be removedl’if'jil%|8ne§l\ﬂe§j %@?ﬁ% é%t@i%h@é@?%ﬁm , that sfltg%@ {)n &@%ﬂ%ﬁ%ﬁ%ﬁﬁ%ﬁ@ 115.
Additionally, itaigiaed ithay @ould ek déiamrsdasifigiontiwr sl expangiecHaguds, sgleg only the

bonded devi ! < r i \%%FE) : ! I 604
passivation I%@ﬁé%%ﬁégrq %(?e?bgﬂ%a ?({;E? ?ﬁgﬁ ﬁ%r?%@aﬁﬁdge(??%% sur ac?ri %%ﬁ/%%qgae II%O%Lﬁg.}ti)ng, for
example, silismebridéheibhondedtridelrrs Of smsoaidiethionditgBoth to properly insulate and protect

the device wpiasch} et REbEg posess AnshoRarRios. AAMMEI Y sference to

step 605 of Fl ore sensing elements 140 can sion or 1on implanting of,

in one prefei®ed egberiqyeit 2Ehhpielnesidonssdnteg cRme BR) RIWWntgev ¢etwrdanaiiial into
the doped n{ypa,devipe [AVELLHY ReRetg Séﬂﬂf%@“ﬁ@l&ﬁ?tﬁ‘ﬁﬂ%@%’bh%@med as part of
the device layer 110. For example, Boron implantation and ditfusion at high temperature may form
piezoresistive sensing elements 140 within device layer 110. The sensing 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 r@ative 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
aleamente 140 can be added by diffiicion or ion imnlantina of hichIivvy dopned n-tvne material into the



[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 oppoFitR e CRY ST isKgdine rhaphirdkt SINagehs aaspuatendayeubityhestkgen
removed, one or more interconnect channels 400 can be etched into device layer 110, and optionally
device layer SYE IS N HSTNl5 BEne RIS PoRdeHERYES <V FMRMOW one
embodimentejpigse@nnect channels 400 are etched to form a series of spaced apart v-shaped
grooves, as shown in an exemplary cross section of the %roximal end 75 of the pressure sensor 10

shown in FIGO4S3hte/BotiBr Lalhfe AR 2B N e It SRR BR 6t SHE M Rbre conductors

to the proxiniatsiigh thetiprass lgsersor déhvieletariatrivingstiie s e Lipop R pasitaging
required for some applications, such as catheter tipi,gressure sen%%{j iblé)OOM With reference again to

FIGS. 11 an8'$2INg 8Os SMAIdnAR I AIEaR SLChaTE tHRRRAALE M EY connect
channels 4003ityh fesexeardias ystierrdoxide éxenplessiftenmiigie dayvacHacambioations of both
to properly insulate and protect the jnterconnect channels 400 during both the manufacturing process
and operatio BT BS o P L EATIP( o A B CSBA (5 QRSP AIEL SR techmiaues to
expose the iniRieoryeRiprdity SapfOBartietatizationcisi &R0tz de titlathsyovidivcelectrical
conductivity from the proximal end 75 of pressure sensor 10 to the sensi lement 140 through
merconnet 348 Al LESH 78S FR G B ARG HOPENLAAU GO SH L FADRT and can be
created to a lol@sirsitldbickneasirtaissiiicdeyidepsasigiiconedey[08048 Sodusidaldtivaley StHecanirbe
thinned using, conventional etching techniques to accommodate, given design specifications and
thickness relT GHGRELGH SHLQSA LA SUIP o M EALHALRT AOQRILD GHER Eomd JRTURF CEReEate warer
300isan S r, the han ayer of the substrate wafer 300.ca removed using a wet etchant,
such 2o KRS i R e I KGR R A R R Ean e
removed usidgwoet larydry2éloihdeecenicafes 2@avism gy riseraiesicm fafiesioh then8Dd wafer
containing the vent 300 bonded to.the device Jayer 110. [00P49]. With reference, to both differential and
&chiates o for device pair % none exa S10h BORdInG teehaiaue. the
absolute pressure sensor em odiments descriBed hereln, each'etche made o%rlng tha4&britation of
pressure semggrabkincesuniave sogcheserade dryetophiid. cah dirseLafac esocare O € tethiteld petidang on
the particular application.. Additionally. the etches need not have a single, uniform depth,.and the
resuting etor LD R A R e SR e e R Pl o e
selected to dite ptheadksigniipharactgresatgrefeheiresaigéng fpeassliod hevesdeh@dnBeddxathple, the
thickness of ice [ n ize shape of .t [aph 3Q dijct laphragm
cavity 230 cé%? %llgyséﬁﬁteey?%%eibhﬁ r%'?ﬁg E%%Sﬁ&%ﬁé#%f ¢§ﬂﬁ%ﬂéﬂ$§gﬂ@%@%@¥ fgiPThe
selected thickne skeufodewiate 3/@0 Idds thvichiiter bihaseaniveshestatarad pestveeipateniblled in

manutacturing ing A JFRIRAP LBERNER: SR8 BUBR Ao ERN @98t ="> an
oro miiatiearid haolel dfde o dmARYER: SRAHE BuBR Tl I AR a2

therefore improved control over the performance characteriStics of the resu tiR re sensor 10.

Additionally, shiepianatemahutictukingdingceasedsar dédealffgmaahidacxideg ayerHees and can

increase notf8m¥et£?nfﬂ%i ﬁ%%éf'glﬂ'fgégsﬂb? 8¥8r8tl Bglgﬁltzim%j long term performance of the
ing [ r '

resulting devices. Accor y, uniform control over the performance characteristics of the pressure

cmbodmentoaoa T it MR e I, AR ool s e e et e e

embodimen ti ugh the metho abricating a sensor has been

shown and cug&r’ﬁm Mﬁn@émdotémb@amﬁmemaﬂ ﬁf@@lsﬂi_wpf@rségféslﬁﬁ/\mmféfﬁppaﬁent to
those skilled, jg; the-affdhat HIHRGIRFNARRS £8P Ph HECFHO: ERHARE FRIRAG Fanabia 6f measuring

other parameters. For example, it should be recognized that although various exemplary embodiments

of the sensofddtierabyidfstlriemans ol Hatridkeuicnapya sy abasidiAiehipaiefdsiapes, with
reference to I}é%(}m&tﬁ%t%ﬁ%%@é%d&‘a}iéé’ﬂyéﬁ?ET@ égsmratus and method of manufacture are

useful in a wide variety of other applications not explicitly described herein. It will also be apparent to

those skilledjghthglart Ha). @@%W@%éﬂ%'ﬁit%ﬁéi%&?dié WRAELI808 Withi bRty 83prhRhitsoResent
e

invention are possible. Further, numerous other materials and processes can be used within the scope

of the exem@dhphsiarisadaywsd d0ckive digpbrasey cay RBIWRG iR SE RN SYisRI[BYEh the art.
For exampley {isRGUIRPST Aaeapbrifb BiRinee ahde180d SRy eataifisAasHibR hesetm &an be

used in an alternative fashion, e.g., by replacing p-type materials for n-type materials and vice versa.

Additionally, R RBRIMRHRRAD OB AYEEkNTH NAh Kaieie e Kagu SBbP ste 48Rt fied and
described inpyasiQUistRERRANY RRPOHBRSIRE R PrCBbiuine et aee claeeringer amnd 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 pegson 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
+tn thnoce <killed in the art <tich other evamnlec are intended to he within the ccone nf the claime if thev



10Pressure sensor 50Distal end 75Proximal end 100 Device wafer 110Device layer 115Insulator layer
120 Handle layer 130 Diaphragm 140 Sensing element

using, for example, a silicon dioxide layer, acsihi nitride layer, or combinations of
both to properly insulate and protect the deviceew&l10 during both the
manufacturing process and operation. In step &8,0r more sensing elements 140
can be added by diffusion or ion implanting ofpime preferred embodiment using
piezoresistive sensing elements, low doped p-tygenal into the doped n-type
device layer 110 near the edges of diaphragm 1B@hwan be formed as part of the
device layer 110. For example, Boron implantatad diffusion at high temperature
may form one or more piezoresistive sensing elesnsithin device layer 110. The
piezoresistive sensing elements can be positiamsedrise flexure in diaphragm 130.
It should be noted that any number of piezoressstensing elements may be
employed and their exact positioning relative t® diaphragm 130 may be different
depending on the particular application, expectedgures, sensitivity requirements,
and the like. Additionally, one or more intercootsel150 that can provide electrical
conductivity to the sensing elements 140 can beadg diffusion or ion implanting
of highly doped p-type material into the doped petylevice layer 110 overlapping
sensing elements 140. Diffusion or implantatioserfsing element 140 and

interconnect 150 can be done in individual stepga arsingle step.

[00037] In step 509, one or more interconnect channelgd@®rovide a
passageway along the pressure sensor 10 for camgwetn be etched, in one
embodiment, into device layers 110 and 210. Asvsho FIG. 8, passivation layer
170 can be etched using dry or wet etching teclasiqa define the location of the
interconnect channels 400 on the proximal end #&epressure sensor 10. Once the
passivation layer 170 has been removed, one or m@Eonnect channels 400 can
be etched into device layer 110, and optionallyickelayer 210, through wet etching
techniques, for example using KOH or TMAH. In emebodiment, interconnect
channels 400 are etched to form a series of spguad v-shaped grooves, as shown
in an exemplary cross section of the proximal eéndfihe pressure sensor 10 shown
in FIG. 10. Interconnect channels 400 can fatdithe later attachment of one or
more conductors to the proximal end 75 of pressansor 10 while maintaining the
small, elongated packaging required for some agipdins, such as catheter tip

pressure sensors.

[00038] With reference to FIGS. 9 and 10, in step 510 pasisn layer 470 can be

deposited on the surface of interconnect chanri¥luging, for example, a silicon

10



150Interconnect 160Metallization layer 170Passivation layer 200 Device wafer 210 Device layer
215Insulator layer 220 Handle layer 230 Diaphragm cavity 300 Substrate wafer 310 Upper substrate
surface 320Bottom substrate surface 330 Vent cavity

dioxide layer, a silicon nitride layer, or a comdtiion of both to properly insulate and
protect the interconnect channels 400 during duhmanufacturing process and
operation. Additionally, passivation layer 170 demnetched using dry or wet etching
techniques to access interconnect 150. In steprbéthllization layer 160 can be
added, providing electrical conductivity from th@ymal end 75 of pressure sensor
10 to the sensing elements 140 through intercoarié®. Metallization layer 160
can be formed of, for example, gold or aluminung ean be created to a desired
thickness to suit device design needs.

[00039] In embodiments, in which substrate wafer 300 iS@hwafer, the handle
layer of the substrate wafer 300 can be removetjusiwet etchant, such as KOH or
TMAH, that stops on the insulator layer. Additiipathe insulator layer can be
removed using wet or dry etching techniques, legainly the device layer of the SOI
wafer containing the vent 300 bonded to the delager 210.

[00040] Lastly, if the pressure sensor 10 is a bottomae/bottom vent
embodiment, in step 512 the substrate wafer 30bedahinned down using dry
etching or wet etching techniques, for exampleg&®H or TMAH, to expose the

vent outlet 335 on the exterior of the pressurscehO.

[00041] FIG. 11 shows one exemplary embodiment in whiclsguree sensor 10

can be fabricated such that a vacuum, or othectegl@ressure, is formed within the
diaphragm cavity 230 so that pressure sensor 40 &solute pressure sensor. In this
embodiment, pressure measurements are not takelaiion to the exterior pressure
of the sensor, so that fabrication of a vent withi@ sensor is unnecessary. FIG. 12 is
an exemplary process flow showing the steps thabegperformed to fabricate an
absolute pressure sensor 10 in one embodimenéahtention. The techniques
employed are similar to those in fabricating aatightial pressure sensor, but because
this embodiment does not require a vent, the pressansor 10 can be fabricated
using only two wafers and, accordingly, some fadirans steps can be eliminated. In
one embodiment, the absolute pressure sensor lébagprise an SOI device wafer
100 and a DSP substrate wafer 300. In another éimient, absolute pressure sensor
10 can comprise a first SOI device wafer 100 amedstibstrate wafer 300 can

comprise a second SOI device wafer.

11



332Vent recess 333 Vent channel 335Vent outlet 350Thickness indicator 400Interconnect channels
450 Device pair 470Passivation layer 501Process step 502Process step

[00042] With reference to FIGS. 11 and 12, in step 601diaphragm cavity 230
can be etched directly into the substrate waferl&®g DRIE, wet etching with

KOH or TMAH, or other silicon etchants or the likBiaphragm cavity 230 can have
various geometries, for example square, rectanguleircular, and can have any
required depth, for example, from less than 5 nmsrim greater than 100 microns,
depending on the particular application and thesehdhickness of the substrate
wafer 300. The surface of diaphragm cavity 230maeither bare silicon, oxidized
silicon, doped silicon, or it can be coated witly ather thin film capable of

withstanding subsequent wafer bonding and procgssmperatures.

[00043] In step 602, the device layer 110 of device wa@#r it bonded to the
surface of the substrate wafer 300 using conveailisiicon fusion bonding
techniques to form a device pair 450. In one examggusion bonding technique, the
opposing surfaces can be made hydrophilic. Thalbéssurfaces can be treated with a
strong oxidizing agent that causes water to adiwetteem. The two wafers can then
be placed in a high temperature environment fagréod of time demanded by the
guality of the bond. The silicon fusion bondinghgrique described above bonds the
substrate wafer 300 and the device wafer 100 tegesthithout the use of an
intermediate adhesive material that could havdfardnt coefficient of thermal
expansion than the single crystal silicon wafemsién bonding can also be performed
in which oxide layers are formed on the bondedag@s$ of one or both of the wafers.
[00044] In step 603, after the opposing surfaces of thetsate wafer 300 and
device layer 110 have been bonded, the handle 1&8@of the device wafer 100 can
be removed using a wet etchant, such as KOH or TMA&t stops on the insulator
layer 115. Additionally, insulator layer 115 camiemoved using wet or dry etching
techniques, leaving only the bonded device layé;, tvhose non-bonded top surface
is now exposed. Additionally, in step 604 passoratayer 170 can be deposited on
the non-bonded top surface of device layer 110g)$or example, silicon dioxide,
silicon nitride layers, or combinations of bothpimperly insulate and protect the

device wafer 110 during both the manufacturing psscand operation.

[00045] With reference to step 605 of FIG. 12, one or nsamesing elements 140
can be added by diffusion or ion implanting ofpime preferred embodiment using
piezoresistive sensing elements, low doped p-tygtenal into the doped n-type

device layer 110 near the edges of diaphragm 1B@hwan be formed as part of the

12



503Process step 504Process step 505Process step 506Process step 507Process step 508Process
step 509Process step 510Process step 511Process step

device layer 110. For example, Boron implantatad diffusion at high temperature
may form piezoresistive sensing elements 140 willewvice layer 110. The sensing
elements 140 can be positioned to sense flexut@aphragm 130. It should be noted
that any number of sensing elements 140 may beogrgbland their exact

positioning relative to the diaphragm 130 may b&edent depending on the particular
application, expected pressures, sensitivity reguénts, and the like. Additionally,
one or more interconnects 150 that can providdretatconductivity to the sensing
elements 140 can be added by diffusion or ion imtpig of highly doped p-type

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

[00046] In step 606, one or more interconnect channelgd@rovide a
passageway along the pressure sensor 10 for varomaiictors can be etched, in one
embodiment, into device layers 110 and 210. Fasshown in FIG. 11, passivation
layer 170 is etched using dry or wet etching teghes to define the location of the
interconnect channels 400 on the proximal end @ptiessure sensor opposite the end
comprising the diaphragm. Once the passivatioerlayO has been removed, one or
more interconnect channels 400 can be etched ewicellayer 110, and optionally
device layer 210, through wet etching techniquaisekample using KOH or TMAH.
In one embodiment, interconnect channels 400 atedtto form a series of spaced
apart v-shaped grooves, as shown in an exemplasg section of the proximal end
75 of the pressure sensor 10 shown in FIG. 13rdohnect channels 400 allow for
the later connection of one or more conductortiégoroximal end 75 of pressure
sensor 10 while maintaining the small, elongatezkaging required for some

applications, such as catheter tip pressure sensors

[00047] With reference again to FIGS. 11 and 12, in stépsivation layer 470
can be deposited on the surface of interconnectreis 400 using, for example, a
silicon dioxide layer, a silicon nitride layer, combinations of both to properly
insulate and protect the interconnect channelsdd@dg both the manufacturing
process and operation. Additionally, passivateyet 170 can be etched using dry or
wet etching techniques to expose the interconrg@t In step 608, metallization
layer 160 can be added, providing electrical cotidig from the proximal end 75 of
pressure sensor 10 to the sensing element 140gthroterconnect 150.

Metallization layer 160 can be formed of, for exdengold or aluminum, and can be

created to a desired thickness to suit device desgds.
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512Process step 601Process step 602Process step 603Process step 604Process step 605Process
step 606Process step 607Process step 608Process step

[00048] Substrate wafer 300 can be thinned using conveadtetching techniques

to accommodate given design specifications andtniess requirements for pressure
sensor 10. In addition, in embodiments, in whicbstrate wafer 300 is an SOI

wafer, the handle layer of the substrate wafer@G@0be removed using a wet etchant,
such as KOH or TMAH, that stops on the insulatgefa Additionally, the insulator
layer can be removed using wet or dry etching tiegles, leaving only the device

layer of the SOI wafer containing the vent 300 khtb the device layer 110.

[00049] With reference to both differential and absolutegsure sensor
embodiments described herein, each etche madegdterfabrication of pressure
sensor 10 can have any chosen geometry and carmhgvequired depth depending
on the particular application. Additionally, thielees need not have a single, uniform
depth, and the resulting etches can be isotropamisotropic. The selected depth and
geometry of each etch can be selected to alteddbign characteristics of the
resulting pressure sensor 10. For example, tie&ribss of device layer 110 and the
size and shape of the diaphragm 130 dictated phdagm cavity 230 can be selected
to determine the sensitivity of the resulting pueessensor 10. The selected thickness
of device layer 110, which can be arbitrarily choaead precisely controlled in
manufacturing the SOI wafer, leads to improved mdmver the flexibility of
diaphragm 130, and therefore improved control oer performance characteristics
of the resulting pressure sensor 10. Additiondhg, planar manufacturing processes
are ideal for manufacturing purposes and can isereat only the fabrication yield,
but the overall reliability and long term perfornearof the resulting devices.
Accordingly, uniform control over the performandecacteristics of the pressure
sensor 10 can be achieved.

[00050] The above detailed description is provided to itlaie exemplary
embodiments and is not intended to be limitingthdligh the method for fabricating
a sensor has been shown and described with raspetbodiments which measure
pressure, it will be apparent to those skilledhia art that similar techniques can be
used to fabricate sensors capable of measuring p#nameters. For example, it
should be recognized that although various exem@ianbodiments of the sensor and
associated methods of manufacture disclosed hieas# been described with
reference to various catheter tip medical applicesj the apparatus and method of

manufacture are useful in a wide variety of othmgsli@ations not explicitly described
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Claims What is claimed is: 1. A sensor for measuring environmental forces, said sensor comprising: a
vent cavity (330) in a substrate wafer (300) extending from the top surface of said substrate wafer

(300) to an exterior surface of said substrate wafer (300); a first device layer (210), wherein the bottom
surface of said first device layer (210) is bonded to said top surface of said substrate wafer (300); a

diaphragm cayibirf230naKEESEING HppaahsaidisedaviRiRY S (Rt hinsdiduenicantnisss): a

second device layer (110), wherein the bottom surface of said second device layer (110) is bonded to

the top surfaRBhYARIARS: WabiEd g 8reped N foRIESENUPMaSHS R85 BGer EHId&aphragm cavity

(230); and  numerous other materials and processes can benithé the scope of the
exemplary methods and structures described ab&ilécognized by those skilled in
the art. For example, it should be recognizedttap-type and n-type materials
described herein can be used in an alternativediase.g., by replacing p-type
materials for n-type materials and vice versa. idaoldally, it will be apparent to
those of skill in the art that the sequence ofstdpntified and described in various
exemplary embodiments need not occur in the seguaéescribed, and that in other
embodiments various steps can be combined, pertbmngifferent orders, or in

parallel and still achieve the same result.

[00051] This written description uses examples to disctbeanvention, including
the best mode, and also to enable any persondskillidhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope aohtteation is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldiens if they have structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal language

of the claims.
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a sensing element (140) in said second device layer (110) proximate said diaphragm (130) to sense
flexure in said diaphragm (130). 2. The sensor of claim 1, further comprising an interconnect
channel (400) extending through a portion of said second device layer (110). 3. The sensor of
claim 1, further comprising an interconnect channel (400) extending through a portion of said first
device layer pA¥} gnd grough a portion of said second device layer (110). 4. The sensor of claim
1, wherein said substrate wafer (300) comprises a device layer from a silicon on insulator wafer. 5.
The sensor afpclaimplewdigeetrfatst environmental force is differential pressure. 6. The sensor of
claim 1, whegein sapiyentegavity (330) comprises a hollow cavity within said sensor that extends from
said diaphragg cavityohdgthl thieugh a side of said substrate wafer (300). 7. The sensor of claim 1,
wherein saidigent caatyiddsmfepmprises a hollow cavity within said sensor that extends from said
diaphragm cayiy (28eyicequgerboth a side and said bottom surface of said substrate wafer (300).
8. The sensangf clamsllaydnesgisy said vent cavity (330) comprises a hollow cavity within said sensor
that extendsifpom saidstigphipem cavity (230) through said bottom surface of said substrate wafer
(300). 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 Ventrecess

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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Claims

What is claimed is:

1. A sensor for measuring environmental forceg} sansor comprising:

a vent cavity (330) in a substrate wafer (300) rediteg from the top surface of
said substrate wafer (300) to an exterior surfdcainl substrate wafer (300);

a first device layer (210), wherein the bottom acef of said first device layer
(210) is bonded to said top surface of said suteswafer (300);

a diaphragm cavity (230) extending through sasst filevice layer (210) to
said vent cavity (330);

a second device layer (110), wherein the bottorfasarof said second device
layer (110) is bonded to the top surface of sagt tievice layer (210) to form a
diaphragm (130) over said diaphragm cavity (230% a

a sensing element (140) in said second device (4y€)) proximate said
diaphragm (130) to sense flexure in said diaphréin).

2. The sensor of claim 1, further comprising aericdnnect channel
(400) extending through a portion of said secondogelayer (110).

3. The sensor of claim 1, further comprising aerncdnnect channel
(400) extending through a portion of said firstideMayer (210) and through a
portion of said second device layer (110).

4, The sensor of claim 1, wherein said substrafe(@800) comprises a

device layer from a silicon on insulator wafer.

5. The sensor of claim 1, wherein said environnidatae is differential
pressure.
6. The sensor of claim 1, wherein said vent cal@80) comprises a

hollow cavity within said sensor that extends freand diaphragm cavity (230)
through a side of said substrate wafer (300).

7. The sensor of claim 1, wherein said vent cal@80) comprises a
hollow cavity within said sensor that extends freand diaphragm cavity (230)
through both a side and said bottom surface ofsatidtrate wafer (300).

8. The sensor of claim 1, wherein said vent cald80) comprises a
hollow cavity within said sensor that extends freand diaphragm cavity (230)
through said bottom surface of said substrate wWaf).
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