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 hlossomed into a vital sensor industry with

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

sensors, flownseoedsstionieichirieaASOVE MB) b RBeNeBEeC baniipestibaus, wplisalard 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 HpHCIRGHLAM RIHGE In S0RA0 ARFGEBREA industrial

and automoiyrgarkeisnahsreigh slengihfiastictyelrd#atikenoexntpicaourakesitan ideal base
material for rﬁebﬁgnant structures, that r?{%/, for example, be useful for electronic frequengy control or
sensor struc ?.CEUEF%H&H?@% A0SR LA RIRRTY ST A& 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 OHRIA 2RI B SR P TGRSR lpcations.

Unfortunateliiagedsawlatlyrefiigdidi oedl bl sikeos ani¢ omashseng 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 SiflRhostReR EHSRaFE 5 Qchniques is
constrained, ritigparhdeyithie g aistbs ontedatiorsodinsiticos sctbshigias | oylisiivi H Ibesgetsdetry and

miniaturizatioleffors fm%@/dﬁsir?d strt ctures. [)0004 T(rge in reatlsin use of microsensors to
measure pre!Q XN §En 47qustry 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

e e L N B B e B e
the vent poriyalucheds sawing, that can result in entry of debris into the vent port and diminish both
accuracy anPOb%a bi"tySensors manufactured through conventional fabaodgchniques are

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



[0007]It would be advantageous to provide a method for manufacturing highly 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 diaphragm cavity that extends into the top surface of a

substrate waigjurelQuigtdNEE HYBEsSIRhadp ot ridiaeaboRe slepicadavatigbangteship the top

surface of the substrate wafer to form a diaphragm over the diaphragm cavity, a sensing element in

the device 1dFSUBHKGALE AhERRESHPAR N V& RO FeRls R BACHERTY A R AR nnect
channel. BR{B#0E S CiRIFHURM 4T bt ddBAW I GrolH88 A Kecthatithenifaetaeint Migwt the features

of the invention can be understood, a detailed descriptjon of the invention may be had by reference to
certain embSHNFENE RETRHER SRR S dAHSiR Y AN ST B WREB SR RE SHFSTY Y noted,

however, thgjrtfudeainafyilusiliateeonly 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 illustrapry e e grSOf | CataF arrigoNvENT Igivention. Thus, for further understanding of
the inventiorlmef rence can be made to tlﬁogléovgng detailed descré%ti n, read in connection with the
drawings in WIEH: (006185748 AN & MBS ARG G AarERIRFESS LitheMRial pressure

sensor in onerabydisR Yovh iy entiRipbhragm cavity that edddnto the top surface of a
substrate wafer, a device layer, wherein the botorface of the device layer is
bonded to the top surface of the substrate waffarto a diaphragm over the
diaphragm cavity, a sensing element in the deygerlproximate the diaphragm to

sense flexure in the diaphragm, and an intercoruteinel.

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, fotlier 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 toskdbricate a differential
pressure sensor in one embodiment of the invention.

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

illustrating an embedded vent in one embodimeth®finvention.



[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 exemplary substrate wafer

with vent bopossi 4p a et dg vicgrayesmpiagiapbeaeitecruier handoeirdsrraTRddorwaler in one
embodiment of the invention. [00014] FIG. 5 is an exemplarkl substrate wafer with etched side vent in

one embodir¥Rf ¥ tRSIADBIRYN. §oUBY NOBRSBIBHA FEMALEH LR RERPHIRFED Rk side and

bottom vent {RoRR @miadiment of the invention. [00016] FIG. 7 is an exemplary substrate wafer with
etched bottom vent in ogne embodiment of the invention. [00017] FIG. 8 is an exemplary substrate

wafer with v&MPBKRdedr G i AHRAEMBIAY SHRTHALR MBI YU HSIREUGBIASERENd device layer
having an intgyissadhemnnel ipansios element and interconnect in one embodiment of the

invention. [00018] FIG. 9 is an exemplary process flow for fabricatin ifferential pressure sensor in
one embociiHES thiE I oA [BUBTY s oS Eeih Brdrh gy SRR g e proxima
side of a diffgrenglppasaert sefaseinvaitambodiment of the invention.

[00016] FIG. 7 is an exemplary substrate wafer with etdhatitbm vent in one

embodiment of the invention.

[00017] FIG. 8 is an exemplary substrate wafer with vemtd®sal to a first device

layer with diaphragm cavity bonded to a seconda®elayer having an interconnect

channel, sensing element and interconnect in oreéiment of the invention.

[00018] FIG. 9 is an exemplary process flow for fabricatndifferential pressure

sensor in one embodiment of the invention.

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

differential pressure sensor in one embodiment@frtvention.

[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 ofaxinal side of an

absolute pressure sensor in one embodiment ohtteation.

DETAILED DESCRIPTION OF THE INVENTION

[00023] An exemplary micromachined pressure sensor canaoe oy forming a
cavity within a silicon structure and a diaphragijaaent to the cavity. In differential
pressure sensor embodiments, the cavity is cormhéxt® 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 selecterkerefe pressure, the cavity can be
held in a vacuum or a selected internal pressline pressure sensor measures
pressure by sensing the flexure of the diaphragmegxXample how the pressure acting

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



[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 INVENTEQNAGQ8RIMssmatpne A areraaghioofl iredmmbissiredly Ganbe adiekyr-éorming a

cavity within a silicon structure and a diaphragm adjacent to the cavity. In differential pressure sensor
embodiment®’ fRIIBSHRY & BRARRYAEN vent that provides access to the cavity from outside the

sensor, eithgotoRRgh e sidp Setx@EnplagehisatistisimpridhatastithesessareFor an absolute

pressure sensor, in which measurements are made._in relation tg a selected reference pressure, the

cavity can b&HEiH 4 DaKNsh? HOLQR) MGBHGAYSA PO K5 SRRIEEE B QL LR AR easures

pressure by peassigeRedextio ke siephi@gml éresatntgdhevpibsspresserneiagtiigmente front
side of the dizﬁgra m deflects the diaphragm inwards. One qr more sensing elements formed near
adeviesh &g i

the edges ofthE'idpKICHNL IR AMF Ak TR RS QI S CHES IFANB6024] FIG. 1 is

an exemplany sepghieiiionahvienuat Feliéarenpal prpatiesreaasorn1/bryinde kakiag vent cavity 330
in one embodiment of the invention. Pressure sensor 10 can have a distal end 5‘$BCO tain([gg{the
i

pressure semSrRyBIEMEAS YEMEYSvidd 35H R S BRYb GHMEa-BIRpIYa FR heter that
can be insertableafiible ofedasnidaryezenmhiettioticr i@epifaiorslinte andqirtaldsgingesrure
measurements. Pressure sensor 10 can also have a proximal end 75 that can be capable of
electrically cB[ﬁﬁﬁ’rﬂW@ﬁ’l’é?W&s for reading and processing the pressure measurements.

[00025] Pregsouesenspredsaandensmnidastnned neingfiurestaisisghafesetheacgesed and bonded
(D5P) semidU MRS bR, SR GBI s SIS VAR i LMt barting wafers in one
embodimentsefhtieoinvestioonvalerdcendaieisuldd sidd polstairjBShicondershaviagdeyice layers 110
and 210, insylator layers 115 a , and handle layers 120 and 220, respectively. Device layer 110
can be & SE S SNURESR SbHSn 2 S TEH TS S CTBENRENALELS 12 o SOUGMRER and nave
n-type dopingt fheviogelayen.2 Dk e beatesnld cydtadsllcobGhsatiates vevicly deoice tagbrgliment,
can be a thickness ted to meef artic design specifications whi n have n-type or
p-type dopinmﬁgimégg%ﬂ% &ﬁ%ﬂ?ﬁ?g ’e@gmféciz%g%chﬁﬁly set using
conventional&pectiyeipamdaictelingstethdicae b eaadicahdiahsilieoreduhsathathat/ Hiehpiaase thickness
of the layers determine the subsequent rating characteristics of the pressure sensaqr. 10, as will be
describen bSO RO 110 MDES O T e RS URER, BEeSHE RO AR Bnd range
between 0.0bg.trsingleOcRtahsikcotasdiestayer svhitth aimde@0ockmdet Usad be griphidiendssice wafers
100 and 200 r%ﬁeat'{ve% dyring{.th? mgnufacturingfprotces , awdhcan bﬁ Iocateéi/ such that the
insulator Iayé S L18%I ?l% R b%%ﬁ’i%n%ﬁ' erbEen e aevidd |8yecr%ri BYENG PS5 Shd e Randie
layers 120 add226, réspeabickalgskianthe legeosid 20yars A0 arafmmsast b, foeezaty@et n-type or

p-type silicon having a thickne tween 200 to 600 Rm. In one embodiment, substrate wafer
500 can b 8 S N S B A A CR e R AN SarrRE SO0 art B b0o R
thick and hatieerptypesertpitipesiopirbe llapéng deteboiliedinteos dritcpterataigr @0 aaaristiesthird SOI

water. Togettier, &N SUGKNSEEREA" 10° YU LPHELR BRSNS HARPIBS R L9586 215
can, in one embodiment, be silicon dioxide and eamgfween 0.0pbm to 1.0um
thick. Handle layers 120 and 220 can be usedipotige device wafers 100 and 200,
respectively, during the manufacturing process,Gmdbe located such that the
insulator layers 115 and 215 are positioned betwieenlevice layers 110 and 210
and the handle layers 120 and 220, respectivegndte layers 120 and 220 can
consist of, for example, n-type or p-type silicavimg a thickness between 208 to
600um. In one embodiment, substrate wafer 300 candmible side polished
silicon wafer which, in one embodiment, can be g@00to 600um thick and have n-
type or p-type doping. In other embodiments, salbstwafer 300 can be a third SOI

wafer. Together, the thicknesses of the varioysriacomprising the pressure sensor



10 can be selected such that the overall thickness of the device in one embodiment can be 390 j.tm or
less. [00026] With reference again to FIG. 1, pressure sensor 10 can be comprised of device layer
110, device layer 210 and substrate wafer 300. One or more sensing elements 140, for example
p-type piezoresistive sensing elements, can be strategically implanted or diffused within the device
layer 110 to sgnshfiaxdeadprdipstiinan sttHelwirsall tpsckaedie trasidd inashel spribelifepassivation
layers 170 and 470 that can consist of, for example, a silicon dioxide layer, a silicon nitride layer, or a
combination G¥bBESBUR QLIRS T 1ayers 170 and 470 can provide insulation and protection to pressure
sensor 10 dygogpe)anwiggiuidnerenceoRgantien FIBIE10Hreaksr) rets ErpuRaliscLodnpimed en device layer
110 can electrically couple one or more sensing elements 140 to the exterior of the pressure sensor

10, while on€Df R RietAfiz4GUIT RS 768 S SHVRIEIARERR QBRI IAG BERFEMh the

interconnectg|dhfeandithe, popxmahpriplbypéthr poessidtr erithelclRasshdhalib e pegsglvsIgensor
can be electricag!écogéple 1o other de,\/icE\s or connections through, for examé;&le, q'ilead attachment.
[00027] WitH FEHSAIECE Ao GHIEZE WY 16 A rplans L RE RS B?é%gﬁr@ At and operation
thereof is desglibgtds. opecemedbBeNt Of thealn visti | il atitsnanRreMp BB A MEWM Al 2
differential pressure sensor 10 illustrating an.embedded vent cavity 330 in one embodiment of the
invention. DEREERESSh RIS SXAIEeRoSAR AR R SHHRNL AR JAMahPhssure sensor 10

that form thecweitsiddfow bl dtrs hpa disieatio i-l&ye3IEPCh AT @&xe prioadedianiaon sadity 230
embedded Withingressure sensor 10. Pressug sensor 10 ig’)r%erat sb measur'nﬁggflexure in a thinned
structure or Bﬁ’%ﬂ Haatfﬁ%%r@@dﬁﬁ%i&& %pqma&}g l&iﬁg% ﬁ“@ébité PIIMREY in device
layer 210, wirighré®hoscedibetyeeeredursdatecyaiseddd erddeyinr weigld bheTdrendbaphragm serves

fl tructure | 10, Vent cavity 330 diaph ity 230 to th
axterior of pRkEl SRS HO UGN & FOIBUPL A R A REPRE Ca T A S SRl PlEoss 332

connected tovibeallizgivagaycayitg@3arapebeiierslmgribabugttitiy Hedsisaie thafersi@ornnecient outlet
335 that opeps to the exterior. As the pressure above the digphragm 130 changes, the diaphragm 130
wil flox toneh 30 BPUE ST SIS Eg CLoNG o0 ORI e e A e 5 GOt ovtle
335. The elorgatesl sisonived ptthplee ss wiheedeoicks omeationsttiarpugbstioe srasqid,Oato operate
asa catheter tép pr?sere sensor such that the portion of the pressure sensor 10 comprising the
diaphragm 15 %grtn FEed into a medium, for example a patient's respiratory system or
bloodstream e th t outlet 335 1 ins £X d_to an exterior pressure gradient, for example
amosphercl e e W S o T e BB Rt 150
will flex in relHiandoother alipHtzeneot avite 2Gthiacs pratkctanbeciaf fremnedsune Exért8don the
diaphragm 130. The re in diaphr, te mare sensi ents 140
formed in deiL S A Sab B ML ot SR s M8 fe g ST RS
piezoresistiveesd msividycbSm émtnehennbsigtansrd of Hensingrdiémiatld@san b>d&elepiced via a

750 attachedr e B sigRedln R R AR H SRR T MR R PR e T dE o o
through intenvbieettstieghlieds 406 IGrrdatdepi cievicexayy daotimobo tautyi2d fagensetitiednd 210, to

the proximal n : ical.interf ther ice can be
attached to tY?Ieﬂgehr{c?sr o%%&é%%ﬁfa%l% nﬁ%%% @&%@%ra%%tﬁ%ﬁ%%ﬂ%%é%%ﬂ%ectrical
communicatibinnéitl sinadhieedevitis pragrasiS@ fioensidhie gitapesSidtvevesasitigeieagent varies with
the flexure of i - t ofi b ' isti i ing element
140 can be G T T B B e R e e
pressure exémedievitieevsaitsclr1(D0DDe]dapixagiplaey\sie @esartbsiialnliceainyriesistta Sensor like the

one ilustrateghin i L5 XBNSNISIEiaNER I EIGS, deiougiLAg: BIGiSkis A0 sastgplary

process flow for fabricating’ a differential pres sor 10 in one embo nt of the invention. In

step 501 of RIGtepughtadudisy\Gaantemchalnsdd 38ganingemia ideeSSS3Rennegttde ¢ha form
th t cavi ' f
e PSR S8t L0 RrIRETEH B RS ST e R D

substrate wa techniques such as dry etching using deep

reactive ion 8&hihgt DPERS, twdbetekiaganiti\pdbespiigsshpeiatiie sl xDragin (k3R ekangesn thenium
hydroxide (T%—M ili &gﬁ?h@ r [ |Wi%m}' kst etch. i e to form
the vent recess 335‘%%\%@’%%% 33%%&[0%%?&/&? sqer?:%n etch to fo r;? ?f?zﬁcléﬂé élﬁj)tlﬁ;?%%.

the pressure at the vent outlet 335. The elongdtedture of the pressure sensor 10

can allow the pressure sensor 10 to operate abeteatip pressure sensor such that



[00030] As shown in FIGS. 5 through 7, different etch geometries can be employed to form recesses
on the upper substrate surface 310 of substrate wafer 300 to achieve different vent cavity
configurations. In one embodiment, shown in FIG. 5, vent cavity 330 can be a side vent configuration
in which vent outlet 335 forms an opening on a side of the substrate wafer 330. In other embodiments

having a bot{agractPaIRApREsSIGRY Reitart 1enssayibs Rt apRfEFRtIc0. dalebahiiatian steps can
include thinning the substrate wafer 300 to expose the vent outlet 335 to the exterior of the differential

pressure setd6t @ MeYHELIRIFE MBS RAVERT SFESRHEMSHIM YeRosBitere Eilg HBottom
substrate sujiggeoire 0835 et ¥aigiosed eaahexasriowpiadgridibattiiskarsmsidicator 350 shown

in FIGS. 6 and 7. In the embodiment shown in FIG. 6, when the bottom substrate surface 320 of

substrate watEP3BBNETRIRMRIPEGhERIRRN AL VIINA [ HSEMES3RIE SREAT YEFTERYity 330 with
opening on side and bottom of strate wafer 330 is formed. In another embodiment, shown
G wHOHUA bo AR SRR e CLE 5Bt BB P O6 T SBB A B AL ithe thickness
indicator 35@eetiutableveaiMitnaprepsnisgrertbd batthediedphide . sMiiecteRdfedhsubstrate wafer
300 is formeg;%[;(?)OO:Bl IEI%% 4 is ﬁnrﬁxfm lary substrate wafer 300 with vin%a\ggy 30 bonded to a
first device ISR IEI Vit HiSpAAGHES YShAEH e BN LWL d 8 e
embodimentaj¢hd idventarm aslittheetaigas e falfaiikBagnan@@nstepbHodimene dabrgcation process can
be to bond the device layer 210. of device wafer 200 to the upper substrate, surface 310 of the
substrate welSZSEERLRING SEROLIHSIEATSMCor e e LaBRB LSRR, hY ST PEmplary fusion
bonding teclustprenitiedoppestig sit) Bues asia behsatdm hggbratailit.ofhbeilké)e surfaces can be
treated with a tFo(r):ﬁnoxifiéin .%gent thoart r%alggelzstwater to ?%}% tg (?ihem. The twor wafers can then be
placed in a Hﬁfﬁ & pg(r; &R NNt ra%g%%q&eﬁ a &%8%@%@&u3lity of the bond.
This silicon fostallizatidm ¢pierkriGoe mncintbe tendsirate titafeo306can d 30 thevigh wafer 200
together without the use, of an inter late adhesive material could have, a different coefficient of
thermat expu NG I DA A b R G A T S By 8 ATt in which
oxide layers 28, ftortted pyoximea @mdietbsof theegros s aebBiinAr #ieciridalsn{@@as2]dnattegy 503, after
the upper substrate surface 310 of the substrate wafer 300, and. device lay. 0 have been bonded,
the handle 140 230 Bria i s s e B R YR R I o o
TMAH, that spigssore thenssulion laleat2d4. chaaditionaihtianamibelagevizé5 dae besistanvediising
wet or dry efching techniques, leaving anly the bonded ice layer 210, which i exposed.
1000331 In st B e T A e e e A B evice tyer
210, can be etehsdratedeoici tap@zdiesisting BRiIGane aicgaienitnKOH callMakdsed toher silicon
etchants or the, like. Diaphr Vity,230 Vv QU res X. e square,
rectangle or SR A A AL e TR R N S S e R T e
greater thanfredsuierensytgepemditgsensioe particular application and the chosen thickness of device

layer 210. T ces of diaphr it VEent cavity. e ejther bare silicon,
oxidized silicﬁlogr@%glﬁe S@%%ﬁ'?‘@%%@%%%%ﬁ%g%@g"gﬁ% g%%éﬁ%%mtﬁg%ﬁﬁe of withstanding
subsequent iNasérabedhdingl@nd saeqdsingdemiberefienesofBlioS4Lithsoely B0, deldcedléyan110 of

device waler OO GRNDE BRLE AN debadier SHRLLHRIEI1a'ec 00 using ggaventional sicor

; e :
fusion bonding te orm a device pair one exemplary fusion bonding technique, the

opposing susawdiaermicofithad yetiphilitn Sten ) thef Sthu@ot reme s Idateeniithansebng
iz _ _ ' i a high
oxizng sosg i FuEANEICEIs WIEFRIINE KU ey algpd n

temperature environment for a perio y the quali silicon fusion
bonding tectatigaer ddhdmddgdemddraroarangatssod siteacedi hgbaubsivatmwates 386 of an

cingle oyt S B e S E e R
the bonded $omfeteing ORR &r)bvtet etehingaishspotassium hydde (KOH) or

tetramethylammonium hydroxide (TMAH), or other@in etchants or the like. In

one embodiment, a first etch is made to form the wecess 332 and vent channel

333, followed by a second etch to form the vented ®35.

[00030] As shown in FIGS. 5 through 7, different etch getsiag can be employed

to form recesses on the upper substrate surfacefILbstrate wafer 300 to achieve



[00035] In step 506, after the opposing surfaces of the device layer 210 and device 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 the non-bonded device layer 110 exposed. [00036] FIG. 8

is an exemplgifereipsiiaie vaatef SOyilmuent caribnE3erheaed saaWishdadce |axer 240iwith

diaphragm cavity 230 bonded to a second device layer 110 having an interconnection channel 400,

sensing elemeft bR FitG VG EQABY RGN WRIK HRAES St IATBR A OMRING Richce to
FIGS. 8 and e éncitaieXUbdpaasivadfen E8@r 1 6than dassnasadrendhpfemkerded surface of

device layer 110 using, for. example, a silicon dioxide layer, a siljcon nitride layer, or combinations of
both to prop&AYHSEERL §W&8@Ptﬁ@%&ﬂ¥5m8r%mﬁaﬁ?ﬁﬁa@@ RIERRiF@brocess and
operation. Inix¢epBABIrMMePIMEihseANNG ZeN3DT ol éQmrnkaBddest BpYifi gierncridaprimplanting

of, in one preferred embodiment using piezoresistive sensing elements, low doped p-type material into
the doped n & DeEHUTEE R TeBHEE SRRl s SN DAL SO e kA ST HGas part of

the device laygitldifibbainexarmplee Botaningplastiator anacdbesion atrbigatenyoe daiemay form one
or more piezoresistive sensj ﬁ;ements within devicallg?{gr 110. Theé)iezoresi tive sensing elements
d frall}

can be positlEHEVEF LR KEKNERSIRRGACL e Y sdouitiR: Rd ¥number of
piezoresistiverabogingatesnents maIGes:Mployedabditbairerasidriaitcsmugofedatetrtaghe
diaphragm 130 m e different dependjng on the particul plication, expected pressures,
sontivty rell BN BGTRE e A TR TGP SRR HBR UOA R £Am R Bhovide
electrical conghechint)oip toehsprssideciem &uscim®anieratite@BD)gliiusion. omcmathdanting of
highly doped p- material into th ped n-t device layer 110 qverlapping sensing, elements
140, it RGO S B it GRE DR PR AT PSR ACE G oo ket mcividual
steps or in awéifgtessiefs [AA to tientiteseindicais Bigconneenthatnels gdénihgtgmovide a
passageway along, the pressure sensor 1Q for conductors ¢ e etched, in one embodiment, into
tovice nyer L P T A S G SIS S SUUSUAlR ABEEs T Eth be etehed wsing ary or wet
etching techy to define, the location of the interconnect ¢ els 400 on roximal end 75 of
the pressurd S 16, ndd it XN AT EaR Weler oty W ety PO B comnect
char)nels 4oa_ﬁmt ue\ewmanmm?mb maphmmnmimmmgmmeéagedmmrwajbmet
etching techaighics, 91 eXATIBIE WAINg QM ST - ANe emRgdimaat iigrgnaget gganpels 400
are etched to form a series of spaced apart v-shaped grooves, as Shown in an exemplary cross
section of théhpriatined terd 16 af 1h & nd 33 iocheatk threl Oesiyenia 10 BiGlelizd mardeo r2@sctatizannels 400
can facilitate later, [ mare co t ) imal 75 0f pressure sensor
10 while ma#ﬁl .%ﬁ%‘ H%é%%gﬁﬁ%(%g%ra@(ﬁ E);EE'; §5%§%{§u%§(¢ %gggjré%)ﬁg%g\@;ﬁ%nss"%%%h as catheter
tip pressure &s=ie0iso [@HOSG 83 ANty veerdnoente EXa8pBgntl Hionahrgdp Gloques sivetipptsieg 470 can

be d it t ' s 400 S A Sili ioxide | :
siicon naS s CaLbe e AR A, MR-l PR RS e ©
channels 400xddiimgaghnhthataafaesvateptocedsernd mpidiae twoAdalidtnedn, thassbeation layer 170

can be etch ing.d ' j ?ﬁﬁeii g%ma 511,
metalIizatior?](li'fil;(%’!rEr %8&@é%§ﬁj§%§%¢%§ﬁw§ ﬁﬁé%%rlca co ucﬁ%ﬁ%@%ﬁnﬁ%ﬁ?@ﬁgl end 75 of
pressure seng@lityabtieerginghatesises fadoi toengdi kgt rione desdshaviedadivatidonadger 160
can be form f r ' ' lckness to suit
device desig%n%r(?e%@.t%% ang#é’?ogﬂégﬁ@%%@ﬁ?&ﬁ%ﬂ&g{#ﬁgﬁg&%rgb%afsé'igga %Fr{}v%sfer, the
handle layerroatadaldibstraasidfay S@0difier et reortiiciantsdoalexpeichian sas s K@ik or TMAH,
that stops o NSt I Aﬂ?; Honal insul [RIRRY i dry
etching techr%l ﬁgﬁﬂg\%\gﬁgn {/ the Hﬁ&%@@o@%ﬂg ‘ggggv‘ég%ﬁe%%gﬂftamlm% t ed@%?g}go%énded to
the device ldpsmetoon the bonded surfaces of one or both oividers.

[00032] In step 503, after the upper substrate surfaceo8ilte substrate wafer 300

and device layer 210 have been bonded, the haayte 220 of the device wafer 200

can be removed using a wet etchant, such as KOM&H, that stops on the

insulator layer 215. Additionally, insulator lay2t5 can be removed using wet or



[00040] Lastly, if the pressure sensor 10 is a bottom or side/bottom vent embodiment, in step 512 the
substrate wafer 300 can be thinned down using dry etching or wet etching techniques, for example
using KOH or TMAH, to expose the vent outlet 335 on the exterior of the pressure sensor 10. [00041]
FIG. 11 shows one exemplary embodiment in which pressure sensor 10 can be fabricated such that a
vacuum, or ffyeseReedcPiAgees, lislangemNyithin sbadtiaaksrger CAGWARESR Welpressure sensor
10 is an absolute pressure sensor. In this embodiment, pressure measurements are not taken in
relation to th&*&&e¥fdr pressure of the sensor, so that fabrication of a vent within the sensor is

unnecessaryobtiEs]12 is afepXsolaiy BIASEEIH\WRNGVPIB0, i istierad IRbleadkesmBgitprmed to

fabricate an absolutel%ressu_re sensor 10 in one embodiment of the invention. The techniques

employed ard'GHARLS ARUEEH %R G PEFUNRS JUCESRY 8L A0 USIRD R s VRlis

embodimenteﬂaaﬁ@ostimmﬁ DVEMAHE G BESI SiREHAVtdedEthe ﬁabriqatggma'@m @ﬁlMtS)NO wafers
and, accordingli/,&so e fabrications steps can lze eliminaiggé In one embodiment, the absolute

pressure se YARVENTHRSE & ferild wARPR Hﬁ@?ﬂ@g QBRI wRREC88D. 1n
another embesii@meanty phgolde gepipufersersaplt) famaesrPBRaierdrt HQfedtyiaharai®nl00 and the
substrate wafer 300 can comprise a second SOT devi.ce Wﬁer. [ggm{%}eomreferen?& to FIGS. 11
and 12, in stB6B15 1€ IR LaGiRAHE & BB Rl B DS R RGBS PLESN R 300
using DRr:E,Iafﬁrezgmingrmﬂsulﬁf@cté@romw}ragmfmemFMsi@rstale Hﬂsm(;&iaém:]é.gm cavity
230 can have variqus geometries, for example are, rectangular or circular, and can haye any
required dept for ESElin SIS RUEOhoHPBSH AR oL G BRI ARY RBERERT, on the
particular apfiieatégrabreddhwithsiaediiicknessiahevcalesthnigdivaigr868sSihg turffpeeaairdi@phragm
cavity 230 can be either bare silicon, oxidized silicon, doped silicon, or it can be coated with any other
thin film cap§te3] withsstegisg SuteeigedateratdObaindivg avibbeo d@ssteydentas aduttes. [00043] In
step 602, th% d\%\éic? laé(reﬁi % P(fj d\(/al\éice\zN W, efFE&B% |SsI bon(()jﬁad tQ tgl |csounrfﬁ.1csef of Bherz] all#]bstrate wafer 300
using conventional SNcor fusion on(%ngatechnlquesqg feadeice pair O oneqexemplary
fusion bonditertetuep® theroppisiite paiadbs.cam hecnestdeifydropibadiigteshthigeeirtaees can be
weated with g stiongeoxidizing aoeny el caupcaatsr Lo sdgrecta iem The i alers gan then be
placed in a hlgr??emgerature rviroRment 1or ere ou Gf time tamanded by the quaﬁ y 0 he Bond.
The silicon fetiongooxidizgnteageitjub atesamutes abier dd aditstibe s u b sedieonasée Z0Caarith¢ime device
wafer 100 toBeth%rC W(i]ﬂ?r(])%t rt]r|1 Use. of aguijr}teerrﬂ\g%%te ard1 ]e(%ir\‘/])\i#nar\tﬁriael teat gRHId drbaan% different
coefficient of thermal expans%n thah the singqe crys{gfesn icon warer. E'usmnnbonaf’;ng dan also be
performed imwaiith aikible aywils didSifiteoh dusibe bondedydhunigee HonhdselevibetivafiethtORafers.
[00044] In st afer in rfaces o subs wafer.300,and.devic r 110 have
been bondeéi’i,r?[(lft(e9 %\gﬁﬁﬁg%ﬁyé‘?ﬁ(}% &%ﬁﬁéé (rjgﬁ/%g %;Eegr Li% ézfz];m rré%&e?éwtgvae%ﬁsgmg a \?‘\E/}[é? 'ét?chant, such
as KOH or Ttk othldtmupsaatiffeecinisaieificlape ol e rAcgidonmity [asulhesikgler dystabn be
removed usi t r | ' leaving o d devic r 110, whose
non-bonded %@6@%?&&%%5%%%8&%68?@&% [ %?%Tge.ﬁ %Ft]cémp p@gvaq%ﬁaﬁgra} 0 can be
deposited oriatpathin o deh tsol surfiace s bl evieeldyethlaiBthteirsy, for example, silicon dioxide,
silicon nitride layers, or combinations of both to properly insulate and protect the device wafer 110

during both mw%_élmufé@tamgﬁ%c@&grdhe @p@@&iag.sme_%qs ij@éw@ﬂ&sa_ég gesiet FIG. 12,
one or more SENFHAG-ARME NS Y CAHERRALRCH é(r‘ﬂﬁtﬂ%?&%%ﬂ&%‘rpi%'EQrPBér}é’r‘ﬁg\Péﬁfe”ed

embodiment using piezoresistive sensing elements, low doped p-type material into the doped n-type

device Iayerllslioméélvfthéltébgéé §ﬂ§|hpﬁr6@_h| Dg@%ﬁhtbamﬁmmmu@mmﬁmwcg layer
110. For exampigidRaon ieplampiianpid £ Eysion ARt %F@Yﬁ)ﬁﬁﬂfﬂ‘t@@ﬁrﬁ&%@gwe

sensing elements 140 within device Tayer 110. The sensing elements 140 can be positioned to sense
flexure in didpavirgrinaoon-Siselacheavitedanar 449 ayRMRatf sensing elements 140 may be
employed and their exact positioning relative to the diaphragm 130 may be different depending on the

particular api$iRRn, &lfedda preaxararlasyssRsHRi YAfeMERVEHPaNAYIES Qb 18, one or

more intercopmesedwedna éﬁ?ﬂf%ﬂfﬁﬁo@éﬁﬁfw i teidedhs sertibaCiRsIRRITalAP can be
added by diffusion or ion im%lanting of highly dopedfdg/téfe material into the doped n-t%gédevice layer

110 overlapgih BR¥ES:RY BIEFREAREEHON Channel serg@ment 140 and interconnect 150
in one embodiment of the invention. With referetew&IGS. 8 and 9, in step 507,

passivation layer 170 can be deposited on the oondd surface of device layer 110

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



[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 oppogiehths og&MMALEiatthAdfRisad e @RoR B RES SMARGDEYEIhE7O has been
removed, one or more interconnect channels 400 can be etched into device |layer 110, anciggtionally

device layer PROURFSHERIRICERFHRY L ORGEIAD- 4P SERPPE Q&M IS B AAAIRMENGH
embodimentcineyseinre BhaimesotOraon aahediadumpim sees AcpanssUapari\usiaped

grooves, as shown in an exemplary cross section of the proximal end 75 of theﬂpressure sensor 10

shown in FIG!SZ RRISTEhRERPIILAISNERED AW \WIRPHE PR IBHRLR (BR 8PBRE Bit¥RSre conductors
to the p(;?cXiﬁﬁﬁi\@rf@I@leﬁfPI@Sﬁé&Elﬁ@@@@éf cvvfdlggnﬁigtairlimﬁmaﬁrb@”r,oﬂﬁeaighq)afﬁmagi@g
required for some ications, such as catheter tip. pressure sensors. [00047] With reference again to
FI0S. 11 andoMosUE) b QL EHATIP IRy LS R Ry S b SERAEE DR TR Eornecr
channels 40thegiRgrnfios examipler & sidizore sionideskaysin g el dgwihitrideiagelayaircorobimafions of both
to properly insulate and %(protect the interconnect channels 400 durir%% both .the_margrufacturin process
and operatioN CAAEE YR SPAEL0 LIS MRS AR R BUURBRIESS SR WS B HARWRAM G #Ehniques to
expose the ifterenntee AbddnisieafORumbtalirasierndryasbhiing eheasittlednarobisling electrical
conductivity from the proximal end 75 of pressure sensor 10 to the sensing element 140 through
erconnec L8 MEGABABIR & 6 AR VBS AL PPERAHILL S0 B1aY BRAEIRNand can be
created to a deséediticimess pasistide dppliesion, el RRpFet thstayveignirdd aas be
thinned using conventional etching technigues to accommodate given design specificatians and
thickness re i AHEHKE oSG o BRELRESHE RSP ILogh FAAIH O £ SlfbShate viafer
300 is an SQbndrfetiviyerdangllschagienaitrasntestvie uatee ABF diffubresndvednisiagtingvet etchant,
such as KOH ar. TIVIAH, that stops on the insulator layer. Additionally, the insulator layer can be
removed ua o A SR BT R SE AL AL LR R B AR e S Rl
containing theemsingBee ihented 40 theifflesion yiendlaotd084As Witk keferrnteaamhdth differential and
absolute pressure sensor bodimegj;s described herein, each etche made during the fabrication of
pressure sefd (i%nga?r?%rg\’ﬁ %%’9/ %ﬁ Oé}]edgdﬂ‘ﬁi‘(}%‘?f&%a“f?r%%‘% Srlgauired depth depending on
the particulay gppligation dditianaliy. e giches Ressnathaye - sinaledipilon gepth, and the
resulting etches can be |soﬁpop|c Or anisotropic. 'Hhe $RiEted de&?w and géometlry of each etch can be
selected to giassheatesygm ahgutheteristisaref shageslibify pasdast denstehEl, Fooakample, the
thickness of ice.| 1 the siz fthe diaphr 3Q dicta digphragm
cavity 230 cgﬁé %ﬁéﬁ%dﬁ%?ﬁgﬁ%i@g ﬁqgr%%g%%@ﬁéoﬁ}t’t?ég\r%ﬁﬁlt?r@ p%é g%rgeﬁlsgé?@s'g}rlaf@p The
selected thi_ck?‘l@mofhmetcbeaiyesimg(ﬂmlaicWeﬁetbbin‘mdﬁMddm‘G_re_ghd hregikﬂwédnﬂolled in
manufacturing e ﬁF?eT?{"’ﬁ{SHrﬁ%dEdB ﬁﬂ%%"@%%ﬂﬂgf’%ﬂ&%% {kt? 'J%ys%kg'c?rpﬂ!i‘?‘gc%%é%énd
therefore improved control over the performance characteristics e resulting pressure sensor 10.
Additionally, phesivatienreyeufaétuting pestesseoved ideal formiBeoizuedtichunplsséeinacan
increase not icati i e.qye iabili I r the
resulting dev%;%éﬁgégmgg y?%%i%?rgpc%&n%oﬂﬂo&véﬁ H%Seﬁ %ﬂe%c%@nr%eg 2 atﬁi@e st@s‘g{ggﬁﬁ% essure
sensor 10 cdadhmigcisieviat. §800508 TisingloVE dutdiMA dedoripiipoidi mevidiedexs iihecite exemplary
embodiment | ' lpiting. Al s j6Ating a.sqnsor has been
shown and e@%‘aé§§1§v§t é%@s%z%}t{%}:’ &@W&ﬁﬁ%ﬁ%@%@ﬁ% éscjlﬁla?)tev%%l lg%'apparént to
those skilledimahesempéaryicitastsestiues ibenbexived ¢d dibheditesensdgeospaiie sonansuring
other param ~Fore ' i i mbodiments
of the sensoﬁi@gés%dcﬁgegg r%%ﬁi%}dogﬂo rﬁn%ﬁ%%ﬁ%@é%& %%X%gv@%%e?&%ﬁged with
reference to Vaiie woetass ip e ditesiaplRadoiksothressemsand A mdieethad iaimrmtifacture are
useful in a wj ari (et : licl rihed L I e apparent to
those skilledé%?ﬁ\q'e %ﬁﬁﬁéﬁ%ﬁ%&%@é@&éﬁ%ﬁ@ﬁﬁggﬁ r[?sg ’Wsrﬂgﬁ%egédgﬁl)%?eéiﬁ e present
invention ardP[RBiteSENBL8r, 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 exartffi838 sholfithuelesengsized-ia tReapdyld dhataryadd matisiblay@sstiBeambrein can be
used in an afieHaling, TBANIRN sBrthcBYFIRIRRIMRBIR IHRIBKHG! PR MBlerialsiRaghvice versa.
Additionally, it will be apparent to those of skill in the art that the sequence of steps identified and
described indigNBleslaxemplaicempBHABAYS he¥ i roEin iﬁfth@%@éalféﬁﬁé@égtﬁlﬂéiﬁ and that in
other embodiments various steps can be combined, performed in different orders, or in parallel and
still achieve the same result.
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[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 exampipstate iRteReR EmReCHERENESE0DRIaTiHE IRmanUReAResieeidrahglements that

do not differ from the literal language of the claims, or if they include equivalent structural elements

with insubst&ARFIPHRRr Ml eRAMIMHRAREMA IR aXEE A AHERRRIFRE D BRRS MY IRTMRISIEEN e sensor
S0Distal endidéihtirexiardcagctad PevieentataribDevitedmaenlizatiesaier 1agercan be

added, providing electrical conductivity from th@xyimal 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@wh wafer, 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, legqainly 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 30®eahinned down using dry
etching or wet etching techniques, for example@&®H or TMAH, to expose the
vent outlet 335 on the exterior of the pressuressehO.

[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 takelation 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 embodimeneaftention. The techniques
employed are similar to those in fabricating aatightial pressure sensor, but because
this embodiment does not require a vent, the pressnsor 10 can be fabricated
using only two wafers and, accordingly, some fairons 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.

[00042] With reference to FIGS. 11 and 12, in step 601diaphragm cavity 230
can be etched directly into the substrate waferi&®g DRIE, wet etching with
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120 Handle layer 130 Diaphragm 140 Sensing element 150Interconnect 160Metallization layer
170Passivation layer 200 Device wafer 210 Device layer 215Insulator layer 220 Handle layer 230
Diaphragm cavity
KOH or TMAH, or other silicon etchants or the likBiaphragm cavity 230 can have
various geometries, for example square, rectangulaircular, and can have any
required depth, for example, from less than 5 nmsri greater than 100 microns,
depending on the particular application and thesehdhickness of the substrate
wafer 300. The surface of diaphragm cavity 230lmaeither 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 conveaitisiticon fusion bonding
techniques to form a device pair 450. In one examggusion bonding technique, the
opposing surfaces can be made hydrophilic. Thaéhéssurfaces 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
quality of the bond. The silicon fusion bondingtieique described above bonds the
substrate wafer 300 and the device wafer 100 tegeththout the use of an
intermediate adhesive material that could havdfardint coefficient of thermal
expansion than the single crystal silicon wafemsién bonding can also be performed
in which oxide layers are formed on the bondedag@$ 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&@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 camtiemoved using wet or dry etching
techniques, leaving only the bonded device layé; tthose 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 110gy$or example, silicon dioxide,
silicon nitride layers, or combinations of bothptmperly insulate and protect the

device wafer 110 during both the manufacturing psscand operation.

[00045] With reference to step 605 of FIG. 12, one or nsam@sing 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@hwcan be formed as part of the
device layer 110. For example, Boron implantatad diffusion at high temperature

may form piezoresistive sensing elements 140 willewvice layer 110. The sensing

12



300 Substrate wafer 310 Upper substrate surface 320Bottom substrate surface 330 Vent cavity
332Vent recess 333 Vent channel 335Vent outlet 350Thickness indicator 400Interconnect channels
450 Device pair

elements 140 can be positioned to sense flexut@phragm 130. It should be noted
that any number of sensing elements 140 may beagegbland their exact

positioning relative to the diaphragm 130 may bW&edent depending on the particular
application, expected pressures, sensitivity reguants, and the like. Additionally,
one or more interconnects 150 that can providdretatconductivity to the sensing
elements 140 can be added by diffusion or ion imipig 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&Qorovide a
passageway along the pressure sensor 10 for varamakictors 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 @ptlessure sensor opposite the end
comprising the diaphragm. Once the passivatioerlayO has been removed, one or
more interconnect channels 400 can be etched awicellayer 110, and optionally
device layer 210, through wet etching techniquassekample using KOH or TMAH.
In one embodiment, interconnect channels 400 areedtto 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. 13rdothnect channels 400 allow for
the later connection of one or more conductorsiégaroximal end 75 of pressure
sensor 10 while maintaining the small, elongatezk@ging required for some

applications, such as catheter tip pressure sensors

[00047] With reference again to FIGS. 11 and 12, in stép@ksivation layer 470
can be deposited on the surface of interconnectrngia 400 using, for example, a
silicon dioxide layer, a silicon nitride layer, combinations of both to properly
insulate and protect the interconnect channelsdd@idg both the manufacturing
process and operation. Additionally, passivateyel 170 can be etched using dry or
wet etching techniques to expose the interconre@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 14Qgtinioterconnect 150.

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

created to a desired thickness to suit device desgds.

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

to accommodate given design specifications andtnless requirements for pressure
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470Passivation layer 501Process step 502Process step 503Process step 504Process step
505Process step 506Process step 507Process step 508Process step

sensor 10. In addition, in embodiments, in whichbstrate wafer 300 is an SOI

wafer, the handle layer of the substrate wafer@@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 teghas, leaving only the device
layer of the SOI wafer containing the vent 300 kehtb the device layer 110.

[00049] With reference to both differential and absolutessure sensor
embodiments described herein, each etche madegduerfabrication 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 isotropamizotropic. 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 chosad precisely controlled in
manufacturing the SOI wafer, leads to improved mver the flexibility of
diaphragm 130, and therefore improved control der 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 itlate exemplary
embodiments and is not intended to be limitingthdligh the method for fabricating
a sensor has been shown and described with respetbodiments which measure
pressure, it will be apparent to those skilledhia art that similar techniques can be
used to fabricate sensors capable of measuring pnameters. For example, it
should be recognized that although various exem@ianbodiments of the sensor and
associated methods of manufacture disclosed hieasi been described with
reference to various catheter tip medical applicesj the apparatus and method of
manufacture are useful in a wide variety of othmgl@ations not explicitly described
herein. It will also be apparent to those skiilethe art that numerous modifications

and variations within the scope of the presentntiea are possible. Further,
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509Process step 510Process step 511Process step 512Process step 601Process step 602Process
step 603Process step 604Process step 605Process step

numerous other materials and processes can bemithéd the scope of the
exemplary methods and structures described ad&vilécognized by those skilled in
the art. For example, it should be recognizedttiap-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. if\otolly, 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 seguiescribed, and that in other
embodiments various steps can be combined, pertbmmaifferent orders, or in

parallel and still achieve the same result.

[00051] This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondkillhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteation is defined by the claims,
and may include other examples that occur to tekslked in the art. Such other
examples are intended to be within the scope ofldnens 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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606Process step 607Process step 608Process step Claims What is claimed is: 1. A method for
fabricating a sensor comprising the steps of: forming a diaphragm cavity (230) that extends into the top
surface of a substrate wafer (300); bonding said top surface of said substrate wafer (300) to the
bottom surface of a device wafer (100) forming a diaphragm (130) over said diaphragm cavity (230),
wherein saidggyics watgr (100) comprises a device layer (110) whose bottom surface forms the
bottom surface of the device wafer (100), a handle (120), and an insulator layer (115) located between
said device lager (1) sgesaishBandle (120); removing said handle (120) and said insulator layer
(115) from sgpl devipriapéeid(100);

75 Proximal end

100 Device wafer

110 Device layer

115 Insulator layer

120 Handle layer

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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placing a sensing element (140) in said device layer (110) proximate said diaphragm (130) to sense
flexure in said diaphragm (130); and forming an interconnect channel (400) by removing a portion
of said device layer (110). 2. The method for fabricating a sensor of claim 1, wherein the step of
forming an interconnect channel (400) further comprises the step of removing a portion of said
substrate wafer (300). 3. The method for falgricgting a sensor of claim 1, further comprising the
step of forming a metallization layer (160) that fitS at teast partially within said interconnect channel
(400). 4. \Whatniethaichfent fabricating a sensor of claim 1, wherein said sensing element (140) is a

100). _ 41pheliethai ' . w g clemernt (140) is
CLbstate warer (308) o LB S B e S, B e method

substrate wafer (300) comp 6. The method for
fabricating a sensofasfiilzgna tjapfsagm LadisuGSIRtthatextgBde adrignisegacaafice layer, an

insulator Iaygh&g%%mlre é/cwgrein said insulator layer is located between said device layer and
said handle. . T'he meth{) r fabricating a sensor of claim 6, further comprising the step of

removing said handlengidgaridrisnlstofdepepifasid salosiaistmade)efe tiigdmitom gunfaeendéthod for
fabricating a_5gBSREANERIM by I6Hrm G AL RHAMAZI LS ARSALR G LSty (230),

wherein said device wafer (100) comprises a ddaiger (110) whose bottom surface

forms the bottom surface of the device wafer (1@d)andle (120), and an insulator

layer (115) located between said device layer (Abd)said handle (120);

removing said handle (120) and said insulator 1&y&5) from said device
wafer (100);

placing a sensing element (140) in said devicerlélyE0) proximate said
diaphragm (130) to sense flexure in said diaphréi0); and

forming an interconnect channel (400) by removinp#gion of said device
layer (110).

2. The method for fabricating a sensor of clairverein the step of
forming an interconnect channel (400) further casgs the step of removing a
portion of said substrate wafer (300).

3. The method for fabricating a sensor of clairfuither comprising the
step of forming a metallization layer (160) thas fat least partially within said
interconnect channel (400).

4. The method for fabricating a sensor of clainverein said sensing
element (140) is a piezoresistive sensing element.

5. The method for fabricating a sensor of clairvierein said substrate
wafer (300) comprises a double side polished semdiector wafer.

6. The method for fabricating a sensor of clairwerein said substrate
wafer (300) comprises a device layer, an insulaiger, and a handle, wherein said
insulator layer is located between said devicerlaypel said handle.

7. The method for fabricating a sensor of claifu@her comprising the
step of removing said handle and said insulatarléiym said substrate wafer (300).

8. The method for fabricating a sensor of clairvierein said sensor

measures absolute pressure.
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9.The method for fabricating a sensor of claim 1, wherein the thickness of said device layer (110)
determines the sensitivity of said sensor.

9. The method for fabricating a sensor of clairvierein the thickness

of said device layer (110) determines the sengjtii said sensor.
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