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are widely known to have found their way into various applications in high volume
medical, aerospace, industrial and automotive markets. The high strength, elasticity,
and resilience of silicon makes it an ideal base material for resonant structures that
may, for example, be useful for electronic frequency control or sensor structures.
Even consumer items such as watches, scuba diving equipment and hand-held tire
pressure gauges may incorporate silicon micromachined sensors.

[0003] The demand for silicon sensors in ever expanding fields of use continues
to fuel a need for new and different silicon microsensor geometries and configurations
optimized for particular environments and applications. Unfortunately, a drawback of
traditional bulk silicon micromachining techniques has been that the contours and
geometries of the resulting silicon microstructures have been significantly limited by
the fabrication methods. For instance, etching silicon structures with conventional
etching techniques is constrained, in part, by the crystal orientations of silicon
substrates, which limits the geometry and miniaturization efforts of many desired
structures.

[0004] The increasing use of microsensors to measure pressure has spurred the

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



10041The increasing use of mcrosensors to neasure pressure has spurred the
devel opnent of small silicon plate structures used, for exanple, as
capacitors and to produce electrostatic forces. For instance, there exist
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resulting device. Additionally, because of the small size of the devices and the thin
nature of the geometries used, conventional techniques for producing such
micromechanical devices risk both breakage during the manufacturing process and
potentially diminished reliability in the field. For example, since differential catheter
tip pressure sensors measure pressure relative to a reference pressure, a vent from the
sensor to an external reference pressure must be supplied. This is typically done
through a fine capillary tube that is run to the catheter tip in parallel with the electrical
connections along the back of the chip. However, this configuration can result in
thicker packaging of the sensor and can result in the vent becoming pinched-off
during measurement. Other fabrication techniques employ side vent configurations

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



result in enty of debris into the vent port and di m ni sh both accuracy and
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BRIEF DESCRIPTION OF THE DRAWINGS

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

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

[00011] FIG. 2 is a cross sectional view of two exemplary silicon on insulator
device wafers and an exemplary substrate wafer used to fabricate a differential

pressure sensor in one embodiment of the invention.



device wafers and an exenplary substrate wafer used to fabricate a
differential pressure sensor in one enbodi nent of the invention.

[00012]FIG 3 is an exenplary top view of a differential pressure sensor an
enbedded vent in one enbodi nent of the invention. [00013] FIG 4 is an

exenpl ar yiodyPat r 216, YR frexWnbliry &ptvileBESdifQedial pfeslurdsdisge |ayer with
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bottom vent in one enbodi nent of the invention. 1000171 FIG 8 is an
exenpl ar ytheibsntien.e wafer with vent bonded to a first device layer with
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i nvent i onemfRDQ3R]IfkKs inQeritonan exenpl ary process flow for fabricating a
differential pressure sensor in one enbodi ment of the invention. .

[00015] FIG. 6 is an exemplary substrate wafer with etched side and bottom vent in

one embodiment of the invention.

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

embodiment of the invention.

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

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

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

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

sensor in one embodiment of the invention.

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

differential pressure sensor in one embodiment of the invention.

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

the invention.

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

sensor in one embodiment of the invention.

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

absolute pressure sensor in one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

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

pressure by sensing the flexure of the diaphragm, for example how the pressure acting



[00019]FIG 10 is an exenplary cross sectional view of a proximal id' a
differential pressure sensor in one enbodi nent of the invention. [00020]
FIG 11 is an exenplary absolute pressure sensor in one enbodi ment of the
invention. [00021] FIG 12 is an exenplary process flow for fabricating an
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pressure measurements.
[00025] Pressure sensor 10 can be manufactured using three wafers that are
processed and bonded together, for example two silicon on insulator (SOI)
semiconductor wafers and a double side polished (DSP) semiconductor wafer, or
three SOI wafers. FIG. 2 shows three exemplary starting wafers in one embodiment
of the invention. Device wafers 100 and 200 can be SOI wafers having device layers
110 and 210, insulator layers 115 and 215, and handle layers 120 and 220,
respectively. Device layer 110 can be a single crystal silicon substrate which, in one
embodiment, can be 1 to 10 pm thick and have n-type doping. Device layer 210 can
be a single crystal silicon substrate which, in one embodiment, can be a thickness
selected to meet particular design specifications, and which can have n-type or p-type
doping. The thickness of the various layers of the SOI wafer can be precisely set
using conventional SOI chip manufacturing techniques, and can be selected such that
the precise thickness of the layers determine the subsequent operating characteristics
of the pressure sensor 10, as will be described below. Insulator layers 115 and 215
can, in one embodiment, be silicon dioxide and range between 0.05 um to 1.0 pm
thick. Handle layers 120 and 220 can be used to grip the device wafers 100 and 200,
respectively, during the manufacturing process, and can be located such that the
insulator layers 115 and 215 are positioned between the device layers 110 and 210
and the handle layers 120 and 220, respectively. Handle layers 120 and 220 can
consist of, for example, n-type or p-type silicon having a thickness between 200 um to
600 pm. In one embodiment, substrate wafer 300 can be a double side polished
silicon wafer which, in one embodiment, can be 300 um to 600 um thick and have n-

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



sensor 10 having a bottomvent cavity 330 in one enbodi nent of the

i nvention. Pressure sensor 10 can have a distal end 50 containing the
pressure sensing elenents of the device that, in one enbodi ment, conprise
the tip of the catheter that can be insertable into a nedium for exanple a
pati ent et essure
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pressure exerted on the sensor. [00029] An exenpl ary process for fabricating
a silicon sensor like the one illustrated in FIG 1 is explained with
reference to FIGS. 1 through [0. FIG 9 is an exenplary process flow for
fabricating a differential pressure sensor 10 in one enbodi nent of the
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usi ng deepiit@adqdiwn; fgnexayte AGalieRs Ispirpery sistam eigblapdsirepot whie the

hydr oxi de ” ATPA 8 i - ot her silicon
et chants o?él%tg)éﬁ%ﬁ %es.r&%{ng%gﬁ%gn{j)odl n%wﬂxgsﬁétgq%lé%%g%ﬁ% let o formthe
vent recesstnB3ghaivthresote, dieaibyl pdoddidg dilitreon#d hrddyura nseac@vohess. ch to formthe
vent outlet 335. [00030] As shown in FIGS. 5 through 7, different etch
geonet ri es[opapgpe Biaphay@d 306yilldTdkn FE8@SSOIhOBiabRa gy SUPR 4 ate surthce
310 of substrate wafer 300 to achieve different vent cavity configurations.
I n one enbP@diviavlc wanbam prassEragxeged g pte daphirpgm330. Thaflaeiraini de vent
configurat] i I t f I jde of the
substrate ggplgfl E??(}O %%gt'a tg?tléglb Sglg’r%rglﬁltogg %gl\sli?lﬁgef)%%gﬁlg%ggﬁe(gmc%v S nat i on
si de/ bot t ohaywehit0 @astiteyr B3 @dgerdfidiaphaigno h30.! it e ehilodimaitiveingst eps can

i ncl ude. thijnni n?tht he substrate wafer 300 to expose the vent outlet 335 to

the exteri BEZYESIFE nypeelements) the resdstiinics of esnssie elementddlsambpl e., in

bottom ven i ge/ i : he . m substrate surface
320 of subgﬁtgg?relédmgl grbg%%g’rgggﬁ%gwrﬁg%gﬂ\?gggﬁgg%éolﬁt%ﬁtewiﬂlan o ers’less i ndi cat or 350
shown i n FinG3corhegtrd uing one bhmoenintdéomantts $ idarnadhad kel Gie & movkhen t he bott om

substrate s ace 320 of strate er 300 is thin o the thickness
i ﬁdi cat or @é%ﬁlgagpla yﬁﬁtﬁgﬁvéﬁ? e’&ﬁ%%’)‘?nﬁéﬁ “Wg‘icﬂmk?;ﬁ@ﬁl%ﬂdﬁ@ﬁglbot h ![ he side
and_bot t omn@dresHARSH dhahR IV BERforR3did deviQ 18RS 11bNoanet hsicembadiifeid shown

in FIG 7, when the bottom substrate. surface 320 of substrate wafer 300 is
t hi nned t o2tthéo theipsrtimebendtfi efdhe pre880e aerisot t GrAn electrigat inteafacopeothey on t he

bottom subgtyate surface, 320, of. . substrate er .300 is farnmed. [00031] FI G
4 is an exsseur‘r%l%g‘rnfe g?ﬂ)@ ?ettaﬁcée%\g)fﬂel e%%(f’ t&t’? W\égbfﬁa%%%yfv 11?@(50 B%ﬁﬁh’t‘f to a

first devigesduay@hs@liQ inieldetribadphih@amce@on with 28&hBonged. theaes@aRGrdevi ce
wafer 100 in one enbodi ment of the invention. Wth reference to FIGS. 4 and

9, step 50PePizOrsistighIqnsngicME yaressvithhedlextrs dshiaphragan d2%i Feust ayer 210
of device - r f e strate
e er 300 e REerEan of e o RRRSe ARk EbE st AR ner P 1 S BT e
exenpl ary dataine thendiongt o eltdxurginediaghigem pPOSind ghG el dgamisathebe made
hydrophilic. That is, the surfaces can be treated with a strong oxidi zing
agent t hat PIESUERSCa 8P theseA¥ere to them The two wafers can then be

pl aced in gorgh L8P &nvd 9?56‘;‘—%&5'[' I si j | demanded by

t he quali tl? ofgt he bon[&g’q#g?’g sﬁ f|<Ocon uéliflggnmggﬁglééﬁg&tlg%ﬁ%%%ee bonds t he
subst r at e WafteateBOOFIGNd is tveplaiewd wethwelbrnc? @0F G étthenginl 0. hBIG. @ keanuse of an

inteiiiiediate,adhesive,material that uld.have a different coefficient of
ther mal  expSASIEN PIOFSS @%"étf%ri flﬁgﬁ“&‘t@gﬁéﬁ&?re@qﬁipéﬁﬁur\ﬁé?‘éﬁo’? 1&8‘5?% bondi ng can

al so he peélﬁwdmanﬂdftmne&tmctﬁs{egys@li%m@. d,9Rhi26s9n33 NenPanded surfaces
of one or both of the wafers. [000321ln step 503, after the upper substrate
surface 3133pmdivset suilss 83 atvéhiokfogethsornaiodn dies/vane cavayey304n Prdsave been

bonded, the handl e l.ayer 220 of the device fe 0 n . be re ed using a
wet et chant'>% tr}ghcaélsb%eajln%(fonr RARPPY RY S\{r?feo%l\é\ﬁa%g {%%PSW%%E?}F &'tag‘irgﬂéyer 2159
Addi ti onalusing dtasldtBdedtichrayiefor &b t€dRidues BRIN0N &gy BiShing udll deép faviwrt chi ng

t echni ques, | eavi ni) only the bonded device |ayer 210, which is now exposed.
1000331 i o8 ekpiggDRIEhveiictohiicayith pptagsipmdydigride{KEHM e a hol e ext endi ng

t hrough t i q o i Vi I K., 210 using
DRIE. et CFaRn g o SRR AR PR HRo SEhER pEE G e e
Di aphr agm aa\inbodidénhtcafirshank ivandowsfoge anetdnt esessi I3 0¥ apd dasglar e,
rectangl e ornfiﬁfular, and can have any required depth, for exanple, from
| ess t han B3nidiogtsd by ssrent @eh tonferm Vet erd#i35dependi ng on t he
particul ar application and the chosen thickness of device |ayer 210. The
surfaces of diaphragmcavity 230 and vent cavity 330 can be either bare
silicon, oxidized silicon, doped silicon, or they can be coated with any
other thin filmcapable of w thstandi ng subsequent wafer bonding and
processi ng tenperatures, 7



] 00034] In step 505, device layer 110 of device wafer 100 can be bonded to
the device |ayer 210 of device wafer 200 using conventional silicon fusion
bondi ng techniques to forma device pair 450. In one exenplary fusion
bondi ng techni que, the opposing surfaces can be made hydrophilic. That is,
t he surf an t r es water
to adher ﬁ@‘ﬁhe‘rﬁggﬁwgﬁ ﬁﬂ}gM eer‘rSO% E% ?ﬁ% %g&%ég@g ?ﬁ&gl tﬁ]é]&{‘]plg rrper ature
envi r onmadtforhOfecesspesn e u@f;eﬁsumraﬂemﬂﬁedlbysf §L’fb€trﬁt€| alafeny300fto hﬁaemnd Thi s
silicon fusion bonding techni que bonds device wafer 100 and devi ce wafer
200 t ogetdieren) Yambeavityrenfigeabensy dn ope empedmenb Sh%w VG pat@iticayity hat
could ha single
crystal ?ﬁpﬁgghg&gpgﬁknﬁﬁ) ghﬁ%%ﬂ QLK%gﬁH% tk? e per gn%@%ﬂnégﬁﬁlch oxi de
| ayer s arsidd efrtheshbistrate keafdrd@y30e dn sthlef anbsdmifents r]navmg abhotthmodr & he waf ers.

[ 000351l n step 506, ter the o i.n urface of _the devjce | ayer 210 and
devi ce 119 OBéEWﬂH@H@@@ntﬁﬂggﬁi 8%PFHV€F1 %ﬁ”?ﬁ@ndﬁvﬁﬁﬁlmafer 100

can be r Einl\ﬁ@éjth‘ﬁﬁh i Wdirafd $ERAB00 BUK o%hg%ht%tlzt'\'ﬁﬂ toiiAdxtSi@Ps on the
i nsul ator [ayer : gdltlonally, I nsulator layer 115 can he renoved using
wet or drof tleg diffieregtitlgubssiiopusegsor|1@aion gxanhide, o hotiomdedt atehsideébdtoper 110

exposed. [00036]..Fl IS .an lary s t e waf e h vent
cavity 336G0hGRARGMERS tﬁ? #’Pg?mﬁgéﬁ%@ &13%8‘? Hgflﬁtrms’ftﬁatﬁwﬁéeﬁﬁggﬁ?% Vity 230
bonded t GemoSQraN tﬁ@tﬂla&e!;marcatbi@ﬂmawvﬂgmemclsns@ﬁ@onm@qiel on channel 400,
sensing el ement 140 and interconnect 150 in one enbodi ment of the

i nvent i orembadithentshewe HtBLG- ¢, mhastheoiam bstiate surése589 of pebstpigat i on | ayer
170 can he aigxeﬂﬂlslsli:hl&e He thit ke Qoﬁ'ﬂggﬁoxs%q:fggelggtt%ﬁ\(f' & abﬂigﬁo Qv:l‘tﬂ usi ng,
ide rayer, a si i'de 1ayer:” or

for exanﬂ? a S|I|con 1 con

conbi nat l@eﬁmgfonbmtmthbeldaraﬁpebitmnldfsulbsam wdfer 300l éeimddndn desthere waf er 110
during both the manufacturing process and agperation. |n st eB 508, one or

more sensipdENeHehoyniadIEah Hhendhekettany sehstpigsuEAcH20 rFu ?ffﬂt%mtl ng of,
n one pr %HH? &W5EI¢FH1 o
hoped pgfgggfﬁgﬁErla.&%nto % %ﬁl&%€§8{§%2§5§¥?%2 3@2?&?& near them;dges

of di aphrthghoti@n sutwhiatzisucface 3129 dfonbuchtawafeaB 00 of fotthed.devi ce | ayer 110, For
exanpl e, Boron inplantation and diffusion at high tenperature nay form one
or nore 063N esFHEI AR afRASMPYrEhdIRME vafért300witdevdnt eatigy330 bbhded he
plezoreS|st|ve sensing el ements can be positioned to sense flexure in

di aphr agra firsbdevige 1@%3419 Wi Hapluaem sayitamp basséfo pfecpne deriesivaker ve sensing
el ement s X f e

i aphr agri D gt SBLAKEH: Ale kiEhfio Mh SRR APHI Ry YEp P2 I, o,
expect ed the ébsiaatem, proens cdn bd toybondghs devieeribgsr 240 df tibnacd whter 20@l¢h theonal | y,

one or nore interconn 5 t hat can oyide el ectrical nductivity to
t he sensﬂﬂ@eﬁvéﬁEﬁPéur%@%ﬂé éﬁ GB§&H¥988§98HNHFHP@WdSﬂﬁpﬁnt|ng of
hi ghl'y dopgdn BokdiRg té@ﬁﬁlﬁﬁé@l In 'OHE Qxélﬂﬁaﬁ'iofﬁﬁgn BohdiRE tééﬁﬂl'qﬁ@ th@¥§fostkk0

over |l appi ng sensing el enents 140. Diffusion or inplantation o sensi ng
el ement Is4ffacasctan ht evade hpéwphilis0 Thanisitbe datfiees pan brdirsatefualth stsepeg or in a

single step,.[0003 In ste 9 e or re erco nec hapnel s 400 t hat
provi de a’@@%@ﬁ@%ﬂéﬁmﬁfﬁﬁﬁgﬁﬁ% H?@ﬂ?ﬁ? tggﬂsgb %ﬁng r%% & 3dFs can he

etched, igla®agn @ﬂtghdbﬁ?atamre BiArdAhe or laadxaba ot ithedthaddddl byheshown in FI G
8, paSS|vat|on | ayer 0 can be etched using dry or wet etching techniques

to defi nequahey Qfé’@awféh Wris sieor fisiondontiae technigip bprdube sehstrelgevHebxi mal  end
75 0f L NeyRr SIS £\ 3ENSAL: A oG LRGP ARSI E hO Tl YTt A Rs been
removed, ‘one or nore 1 nterconn annel can devi ce

| ayer llGnataml t@zrttcbmd&ialvy adlef‘fereﬁ doatjt‘eien%ﬂthetdiﬁl@ug&nsv@tthm thisiigld echni ques,
for exanple using KOH or In one enbodi nent, |nterconnect channel s 400
are et chedyitd Sfltfrom“@f%rerﬁ“é@né’Pn@ﬁaéé‘aaléﬁé? PeRfQ%fFPQﬂ@d"}lj“r}b‘é}i}é"s aygl8 %hown i n
an exenpl of the pressure sensor 10
shown in @%&ﬁrg.ﬁélb%? g%dc%gfrﬁlgéstyg) gﬁagﬁﬁlﬁé%ee\ggfﬁzsfam litate the later

at t achmenD0ed2] onén gep HOF afteorhduuppmmbs;tmtet hefqoe 8x0 nﬁtheesntistrﬁﬁe whfepBe&sur e

sensor | e main [ requi.red for

soni ¢ appﬂ“\fqh(dﬁf”icﬁl@’er éﬁiﬂw& eE‘é rthF Ihﬂn(ﬁF 2%&%";‘5%% %6§§§Wt h

ref er ence hge Eﬁﬁﬁyed%sﬁ{gda WE etéAnt 56¢h a'ijl@oﬂao?SFM%H Qb Et%}ﬁ%n ﬁ?eo can be
deposited on the surfice of iInterconnect channels 400 usSing, for exanple, a
silicon dioxide layer, a silicon nitride |layer, or a conbination of both
to properly insulate and protect the interconnect ehiunets 400 during both
the manufacturing process and operatign. Additionally, passivation |ayer
170 can be etched using dry or wet etching techniques to access

i nterconnect 150. In step 511, netallization |layer 160 can be added,

provi ding electrical conductivity fromthe proximal end 75 of pressure

a g




[ 00039] In enbodiments, in which substrate wafer 300 is an 501 wafer, the
handl e | ayer of the substrate wafer 300 can he renoved using a wet etchant,
such as KOH or 'MJD, tha.t stops on the insulator layer. Additionally, the
i nsul ator |ayer can be renoved using wet or thy etching techniques, |eaving

ly the devi | f.t.he S f t ai, pi th t .300 ded t
The” devi ce T ubEr18521 FoauiBo by VRl Y 207 <8k B lme et e "bot tom
or si de/ bottyoaehiegtecBiigoeh, Maning only St &pn&tlidvive 15¢p 91 0 aviEchaf fyw 300 can be

t hi nned down using dry etching or wet etching techniques, for exanple using
KGH or TMAPKPasgd-expose the vent outlet 335 on the exterior of the pressure

sensor 10. 1]7.E . ] i i ch

pressur ese[‘nds?@rggfllo Igasjhe%bseoa%t g%:a? aﬁ%{agﬁ?gaﬁétﬁr%%hg\@ Mgﬁ\r}g@g% %}ﬁgfgre&gﬁn\é@ sel ected
pressure, tisodghrtiredevicd hiyer 210 cahi pdtelagnmadavice 1230 230 uting DRIES&SUr € sensor
10 i s an absopl ute pr ure sensor. In_this enbodi ment, pressure .

measur ene nF@g‘é‘gé" 1ﬂ§1§8§-§<p<rew,,oépg{er gikicepetchantyon the like. DiapbEagrecayityt he

sensor, sox§hat, fARNLEGA KBkl Te?'a&a b1l Rt D€t %gfci SuANARE gsary.

FIG 12 is an exenplary process flow show ng t’he st that can

per f or red havefayreqated dapthafis ekanplepfresdussehaeh socroito greaacthembd®li ment  of
the invention. The techni ques enpl] oyed. are simlar to those ip fithricating
i 11 or enPHePr AERsgE e Broehr aisatice i Shos8 drgies abdidrot
require a Jget210t h&e&hﬁﬁ@éﬂ&dﬁ%ﬂﬁd@b dRitgan0Rad vakrda Ry eth b Raidel y two

waf ers and, “accordi ngly, sonme fabrications steps can be elimnated. |In one

enbodi ment bare §dicapsuiidized pheans deredsséligonr orlthey ean keoenatddswittaanySgherdbin ce

waf er 100 P substrate fer 300.. 1.n another enbodi pent, absol ute
pressure sgﬁgggpalggg %fz“r’%%%%a#@r |gsS§%%equn§sv¥af§(§°n§é%a RRAFEY1S B PehU e
Substrate 300 can.conpri se a.secand .SOT deyjce fer. 1000421Wth
ref erence t@fog{]GSqnprglqg’ 1¢; ﬂye§tIZ§ Ogg‘i‘,”c‘ﬂ”(@ga;fg‘gﬁ?th g 3t 930 can be
et ched di r@&ﬁéevmyatzqoto%eﬁuwafe@tzeo\ﬁ@i&lgrcoé%ﬁuﬁmﬂicéﬁlﬁ%iomnd@ﬂgch' ng with
KOH or TIVIAH, or other silicon etchants or the |ike. D aphragm cavity 230
can have vigehwaeesgedoret 2 degce pair 4¥X dmpine eseplag) fusmottendme dechoiquej theul ar ,
and can have any regquired, dept.h or., exanpl e rom.l ess than icrons to
reater romPoL shidhs aS oG ERuR ay A gP BT HEn ity bF SRS Sy Pebs DRARG  ne
chosen t hi gtompssxidifink Agerd WS Chadee whkh @5 adRs to thems Uht a6 waferdtanieagm
cavity 230 can be either bare silicon, oxidized silicon, doped silicon, or

it can be kovRleey iniatehiompstatae enwironment dprcapraisideof sime danerindgd byiB¥equent
fer bonding i .0g. . 6 devi
vt et bondh RGO LRSS FhASSTRBIA Mk CORATHAHER: PR 1 fF, Cevioe

waf er 300 arsi deyiceomifer2(0angéth&i witlooain tHeusk ofi ab inéelniedidtesdhrbifuemtdrial f ai Nt a
devi ce pair 450, jn one_exenplary fusjion bonding technique, the opposing
surfaces chat ‘H’éﬂ‘#ﬁﬂ’é aﬁﬁ@ﬂ:@ﬁhﬁ:qqfféqwqtngtthqrgl?l Pengon thandhe vagleserstal eat ed wit h
a strong oxj: .z 3 3 T t he two

waf er s cangﬁtlﬁdéﬁw ﬁ%r'p a(l;:k;endls(?%gnagC ‘ﬁ‘?{;“ﬁs%tﬁé%g"é‘? 8? gp‘gﬁl\?ﬁro %ﬁir?é%}%?%%‘} a period of
time demantededin thhdondeal sutfacasfoftone obbott.of Tieewsfietsi con f usi on bondi ng

t echni que descri bed above bonds the substrate wafer 300 and the device

waf er 100 [00G&3]hern wiep 5061 aftehehcugPosihg airfadet of Medicaice 188h2H0 Mel d&icr i al
t hat coul d have a different coefficient of thernal éx?ansi on than the
3}

singl e crysttavebesbendggs e handle fayar bifhefi the devdiee weish 1@ caehsisAIoVed i n | nch
oxi de | ay r t he

b P Ay S A S el L i T e
waf er 300 Additideallys eshiayenaykt 01Hhavehdbeemvbdnsieg wet hediyandiies fealyeques20 of

t he device wafer, 100 cqz‘i?g ‘?ﬁ renpve §si ngﬁ wet etehant, such as KOH or
TMAI T, t hafepg e non-tianded deviesiager §10rPOsels. Additional I'y, insulator |ayer
115 can be renpved _using wet or dry etching techniques, |eaving only the

bonded devif@®3lay&IG] 465 angrsawlain RibsGAGHRIELY Suiith et cpuitndi korsled &1,
Addi t i OnaIdA Hrst bEVisd ﬁgeér%ép \gigr\?/ Iﬁfgéﬁfagﬁ%abﬁgﬁo ﬂ’gl%eﬁqg algchQ8Qi8*?i'cg Fagrﬂo In the

non- bonded top surfa yer usi ng, for exanple, con
di oxi de, sil0ilmeomgnint infed@nhegtemschamel d0fisendhg elesent 1 40atnkd ihierqonogen 5§

insulate and protect the_device wafer. 110 during_hboth the manufacturing
process and % éf“i‘f’g’é‘i‘ﬁm OB ABERHOR S\@‘flbliegeﬁ@é’ett%%%@%fﬁ 8u5%.d0 st.ep&7.12, one or
mor e sensi NggieheIBRYSE 158%an be deposited on the non-bonded surface of device layer 110



can be added by diffusion or ion inplanting of, in one preferred enbodi nent
usi ng pi ezoresistive sensing elenents, | ow doped p-type material into the
doped n-type device Iayer 110 near the edges of diaphragm 130, which can be
formed as part of the device |layer 110. For exanple, Boron |Inplantation

and di Tf yat( foE}texL‘;:n ?ﬁgﬂ 8{9%{&1 Y, d 8 n%&ﬁf%rlﬁfe'zrlsdr'c\éﬁlbgﬁ%hé‘&f el ement s

140 wit hin dévice S|ng enments '0 can be positioned to
sense f| evotli & prnpcdiyamhulalgmnd.’1561)tedttthes<lttmdedvifer hid} @dinigtteth taey nunber of
sensing el enents 140 may B@ npl.oyed and their exactﬁ§93|t|on|ng 6e|at|ve

to the diTBHRHAGHIEIORRE 2B ORFTHAUT SRt heIBnA oY B RS ar IPERS
appl i cat | boGRES BPARLER S ESimpRARE Lk h e bRAU AR dIncWidghe |1 ke,

Addi tional l'y, one nore interc s 150 that can provide el ectri cal
conduct i witzor¢ststivh eersansilageres, doenipped gdypeanathealaodable Bypedink-fypsi on or i on

| ayer 110k Ee R A wRer HETaP BRGS0 1A Fobba B eR “S P OEE, one or

nor e i nt efeGRRNGRE 1 ¢hapsiedxanp0 BobsH infplaiitds MdRRESASENEY sidteadrdiie pressure
sensor 10 for various conductors can be etched, in one enbodlnent into

devi ce | ayeay §>n111cmeammoqulezmemsmve wssigh elsments VAtldn device pares| AatThen | ayer

170 i hed ' h de f
the i nt eratreis ERanie S0a0: of Gk b REheAdeebpe ML dRabliol consor ©

opposi t e Tt feuedbe 6@BPTHaS h@nﬂﬂ&rdﬂf@%ﬁb@@@ﬁwe@kﬁﬁng BRnpasshy@bd on | ayer 170
has been renpved, one or nore interconnect channels 400 can be etched into

devi ce | sperloverpnddheir exsct peraionjngelative to Hipeiappragm {3 ng] F@e\ﬂéffer@%tc hi ng

t echni que r e.&h er connect
channel s (%Bﬁﬁcg{l%gép{éﬁtgwﬁdrg g?lfllilcggoger es oPlleg?oug%é par éﬂﬁggf gr ooves,
as shown dnd thalilex eApdieonallyy OﬁESoﬁﬁcﬁellﬁmrdDhnédmeljﬁ thxd (malpr@\nde 6150tuf:alt he
pressure sensor .10 shown in FIG 13, (ﬁ channel] s 400 all ow for
the | at ercoéla\‘fﬁ’é’(‘:tﬁ’ |t%ﬁle§Fn%%e]8me%rlé0 66‘1‘1 %E‘?‘%Bg’ ffitien pr ORiIMRIANERY 73 of
pressure SensHy qdfdfiihpe ok BB HNtidrRE nSYBd fevisd 1RRGAN 0 vEASH ARG N

required for  sone a p cati1ons, such as catheter t|p pressure sensors.

[ 00047] Wstehsmgf:]emntsdwg@lffusmn Bt Bhlarttaticanaf st@sing eleseripl 40ndpar ati on | ayer
470 can be de 05|h§§ ge sur. f _@ @I |nterconne@t channel s 400 using, for
exanpl e, 4 gi C@%Pﬁ OReR) dpAVIGUE SRS S Uh PGS Payer, or conbi nati ons
of both tag Eroperl insul ate and protect the i §¢ nnect. channel s 400
during bo[pﬂ 3t7ﬂe FuFieR PO 1ONF OR B196F BEES¥NSHFh3 Hée:il%. bihat pEgyidedonal |y,

passi Vat §§ aﬂazg %ﬁre%ﬁﬂﬁqo%f MdgétercEfanW@tetcﬁE@ hhRge t echni ques to
expose t erconn ct 15 instep 60, metallization |ayer 160 can be

added, prmba;ﬂumgudnﬁndewwihyamhﬂhmﬁd X0 yAS shomint ind' 101 Sxiameivatemdayk$ of

pressure nso 10.to t.he .sensi l.enment .140 't nterco ect 150.
Met al | i zat'] ggwcggﬁn%gﬁuyav$g4 ‘%?bn t%ggﬁﬁﬁg ‘681@18 5Iuninun1
and can hﬁte%o%ﬁé&@h&rﬁleﬁ AR 186 ptdXia NI T 5P tisdiprbssdRVicasordes it ligeds.
1000481Substrate wafer 300 can Be t hi nned usi ng conventional etching

t echni quamswatmd@ynrdaaﬂles gftenernmdté@i gne glp@@ref m@mqn@ﬁ@ chmenelsiidasas s

requi r engnt I. ssu ar i n which
ubst ot v BeETEEIR-EF IV apRiol Mxdehish PR 21 dRORR MREMne. r e
waf er 30Cesmiques, fbeexa«nqﬂe Ushp® G wirmmhambne &Hedtiment, G@rcoafectTVALL,  t hat
stops on the insulator |ayer. Additionally, the insulator |ayer can be

renoved USPARFINER0 B ctrhgd foRnrigerigr pinipgerskapartaashiongd SiPyes AESIOSA ce | ayer
of the S SmY PRk Q%rRoBARdhd Boldife dBYHCR dhBuRr 110
[ 000491V\?bﬁwr% %P%%p&g gyegg?ri] ??feurxénfgll é’? an a%@o utee pressure sensor

in FIG. 10. Interconnect channels 400 can facilitate the later attachment of one or

more conductors to the proximal end 75 of pressure sensor 10 while maintaining the

small, elongated packaging required for some applications, such as catheter tip

pressure Sensors.

[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

10



enbodi nents descri bed herein, each ?Ache made during the fabrication of
pressure sensor 10 can have any chosen geonetry and can have any required
dept h dependi ng on the particular application. Additionally, the etches
need not have a single, uniformdepth, and the resulting etches can be

i sotropic qr_anisotropij.c. The, sel ected depth. an omet r f. each _etch can
be sel ect eglof‘bdézh“feé’ra {{h%ondggrfd@ﬁa%%agfcﬁog?eq?gﬁqiogsoqggﬁ’[ tﬂé)r?%% IIP?uilaée 6‘?(5-:‘ssur e
sensor 10. Eﬂf)@dc_t ﬂfeaﬁm@nn&dwhmieﬁmaﬁmag_bdﬁmh@ﬁlahafaefurih@ rédask 4dde size and
shape of the di aphr@a{gm 130 dictated by di aphragm cavity 230 can be sel ected
to deteliippaetiarhAddtenallyypasyivation lager 9 fanibagtohed ssing drsemsdretching The

sel ected thigk V] ] i¢h . i i.ly chosen and
precisely {c%cc)%ﬁ§§%ﬁ8gg?eggﬁlé%g?%%ﬁhoﬁgglgtsﬁgyé%lmg\gp E@;ﬁor?%g}éllsf@géaf%ﬁr oved
control oveddetifgrobideng diedtiital cohdubitiai fi@gmhi PoxiMmabedd ey ef@éuickpfiey ed
control over the performance characteristics of _the resulting pressure

sensor 10. IhYihe sesina slemends 160 dwarehiatsrsonaects i oy Mebdleatien layeeléQeal for
manuf act ur LG - t i j yi el d, but
t he over al fﬁ%eﬁdgg?fﬁggﬁﬁag@% é?%ﬁpog% orlﬁg%léglmo ant%gcr%%%ﬁoﬁésﬂg%vi ces.
Accor di ngl thickmassftosmit devite désigviereds.he per for mance characteristics of the
pressure sensor [0 can be achi eved. [00050] The above detail ed description
i's provi de0089]i | IThsinbatienaxs pWalch sabiiae wefet SO@RGni SONVAfet, ficcingart t o be
[imting. Although the method for fabricating a sensor has been shown and

descri bed Wenelitbepietrate avadentidi o fe SepyEristhgas Weletehaat suekeas KOHgr | pe
appar ent t'?l\/fm,stﬁatss% slo%dché ;hsﬁﬂ?orqﬁ}.rer.t Rakihay, #e &GNk Eggtsca%ad% be used to
fabricate sensors capabl e of mneasuring other  paraneters. For exanple, it
shoul d be reemyghuziegd wehat dal dtdlongtechaniaukaexe wplyaihy devibo tiyaesiithe SOIt he
sensor and af[sesoci at ed get ho% (r%{o @ufﬁcéute di scl. gsed herein have been
descri bed WF¥RCPPBIETRE ey 2P bopded todhhdsvdse 0¥y 2Hldi cal appli cations, the
apparatus and net hod of manufacture are useful in a wi de variety of other
appl i cati olf804Q dsapily.df thepresswsspisen 10 et otipm py sidg/potigin yenthe apparent to
t hose skil i R | £1.Gat.d riations within
t he scope %@?%@efﬁtpglsgé S%j;@lrgr?tl onEeg‘?gfegggdslé%llc%ﬂ@lﬁ}?gEg‘gfl\ﬁ%&h@%us ot her
mat eri al s etoliingoooessaelksing aarhhiejues dok exviriphd wsindEOSLopEMafH, tthexgosertipd ar y

nmet hods and struyctuyres described as wll be recognized by those skilled the
art. For e%&hBF ?t3g§ o8z PHemY Gt dRoRfiTrES A LG he p-type and n-type

mat eri al s descri bed herein can be used in an alternative fashion, e.g., by
repl aci ng ¥994He AdBet} ghosvstane erempliey pmbedimgntingrcly pressuye papgor 10
Addi ti onal |V, 1. i I i i Lot t he
sequence o(lf%sbtee%%ﬂ\éla gn@???g%gggﬁhﬁgéﬁ%ggelgﬁeé re%%lﬁ%qseiogﬁlﬁ?yrl@ﬂg odi nent s
need not odiapiiragm caiey 3¥sethaeprdasaes dched, 1 0andn hisalute presiure sergob ddithignt s

various steps can be conbined, perforned in different orders, or in
paral | el afiBPAMENt, BrEATUES BICRHIECTRGHB Tedof faken Iisdrstopth the GRTIor @FFSEScr i pt i on

uses exanph@fe ts6h, §&h%§ﬁbtgg§ﬁmﬂﬁmn%thimkeeﬂseﬂist eREShy "PHE 1280d al so

to enabl e any person ski in the art to practice the I nvention,
i ncl udi ng aedienplay grassngow nhowiagitcesemrthstyath drpedodngitoffayrateganany

i ncor porat ed net hods. The pat.ent abl Cco the i.nvention i.s defined by
the cl af m BTG SrIIE IS TORNEPoE FERET BT Rohe JRCOOY o h GENENF | e 1 n ¢ he
art. Such &hﬁl@?e@ﬁ%@@ﬁhiﬁﬁ t@ it st T RBHEHinkQ AffeMhtill fedshiR SRR beddige Cl ai s
if they have structural elenents that do not differ fromthe literal

| anguage chistamebagimentsgloepnotirpquiteesvémchedessaye barapeH casthedfgbiicatdd el enent s

\ISMA}:\’!I]'SI Eis g.?lissir?ﬁ%ngg I%ﬁ()j Ig}cagegél glg ,%%cgrcrh%g]yt, Qc?mcle &‘ano%rcs?tlionlsaspe%lsj% ebe? glil%lrr]lgteﬁ.l illll s,

one embodiment, the absolute pressure sensor 10 can comprise an SOI device wafer
100 and a DSP substrate wafer 300. In another embodiment, absolute pressure sensor
10 can comprise a first SOI device wafer 100 and the substrate wafer 300 can

comprise a second SOI device wafer.

11



50D stal end 75Proxi mal end 100 Device wafer 110Device | ayer 115l nsul ator
| ayer 120 Handl e | ayer 130 Di aphragm 140 Sensi ng el enent 150l nt er connect
160Metal l'i zation | ayer 170Passiyation |ayer 200 Device wafer 210 Device

| ayer 215 Insul ator |ayer 220 Handl e | ayer 230 D aphragm cavity

[00042] With reference to FIGS. 11 and 12, in step 601, the diaphragm cavity 230
can be etched directly into the substrate wafer 300 using DRIE, wet etching with
KOH or TMAH, or other silicon etchants or the like. Diaphragm cavity 230 can have
various geometries, for example square, rectangular or circular, and can have any
required depth, for example, from less than 5 microns to greater than 100 microns,
depending on the particular application and the chosen thickness of the substrate
wafer 300. The surface of diaphragm cavity 230 can be either bare silicon, oxidized
silicon, doped silicon, or it can be coated with any other thin film capable of

withstanding subsequent wafer bonding and processing temperatures.

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

device wafer 110 during both the manufacturing process and operation.

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

device layer 110 near the edges of diaphragm 130, which can be formed as part of the
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300 Substrate wafer 310Upper substrate surface 320 Bottom substrate surface
330 Vent cavity 332 Vent recess 333 Vent channel 335Vent outlet 350

Thi ckness indicator 400 Interconnect channels 450 Device pair

470Passi vation, |ayer 501Process step 502Process step 503Process step

device layer 110. For example, Boron implantation and diffusion 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 relative to the diaphragm 130 may be different depending on the particular
application, expected pressures, sensitivity requirements, and the like. Additionally,
one or more interconnects 150 that can provide electrical conductivity to the sensing
elements 140 can be added by diffusion or ion implanting of highly doped p-type

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

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

applications, such as catheter tip pressure sensors.

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

created to a desired thickness to suit device design needs.
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504 Process step 505Process step 506Process step 507Process step 508Process
step 509Process step 510 Process step 511Process step 512Process step
601Process step 602Process step

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

to accommodate given design specifications and thickness requirements for pressure

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

walfer, the handle layer of the substrate wafer 300 can be removed using a wet etchant,

such as KOH or TMAH, that stops on the insulator layer. Additionally, the insulator

layer can be removed using wet or dry etching techniques, leaving only the device

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

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

sensor 10 can be achieved.

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

manufacture are useful in a wide variety of other applications not explicitly described
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603Process step 604 Process step 605Process step 606Process step 607
Process step 608Process step CLAIMS What is clained is: 1. A
sensor for measuring environmental forces, said sensor conprising: a vent
cavity in a substrate wafer extending froman opening in the top surface of

said substyate f nd continui al .0 a channel to an outl.et in an
oxt eri or - sOrPdodt o1t 8 e v iLdy BRoErancl frE° 3R e Pwils ity
extendi ng it Paridfi@né GRhFhE 86 thd\gesonbiivedich W8 bBEsible. Furtherd first
device |l ayer, wherein the bottom surface of said first device layer is

bonded to 8anarouspthsymptegialsamdpapagsseisan bansedwaitlin theassdpsvpiethei n a portion
of the bot f f I S Vi l.ayer and a,portion .nf.said top
surface of E)g%ll}lpgyé’u[ﬁ%ﬁ (r)(gst aen%%zlta g];]ﬂéz;lsr&e%%b g(d: %g Wé@é? { ect())%mtzﬁdeg\é F1hé) Ah r%lflﬁed =

the art. For example, it should be recognized that the p-type and n-type materials

described herein can be used in an alternative fashion, e.g., by replacing p-type

materials for n-type materials and vice versa. Additionally, it will be apparent to

those of skill in the art that the sequence of steps identified and described in various

exemplary embodiments need not occur in the sequence described, and that in other

embodiments various steps can be combined, performed in different orders, or in

parallel and still achieve the same result.

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

of the claims.
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a di aphragm cavity extending through said first device |layer to said vent
cavity; a second device |ayer, wherein the bottom surface of said
second device |layer is bonded to the top surface of said first device |ayer
to forma di aphragm over said di aphragm cavity, wherein a top surface of
t he di ap ;gﬂ’irbil..sl L[n direct contact with an environment exterior to the
sensor, and a botStom surface of the diaphragmis in direct contact with the
envi ronrrea%t e>i; erior to the sensor via the diaphragmcavity and the vent
cavity; d  TICSSUICHCR¥Nsi ng el ement in said second device |ayer, the
sensi ng elemer?isiabettt ed proxi mate to said di aphragmto sense flexure in
sai d di api¥r agriroximalend 2. The sensor of claim1, further conprising an
i nt erconnddt dbaeeevafeor ned i n said second device |ayer and extending from
a region ldver Ddwicevlepdr cavity and |aterally away fromthe di aphragm the
i nt erconnggt dahansmet laker attaching a conductor therein to electrically
connect tihg semgidndlaéenent to a proxinael end of the sensor. 3. The
sensor ofy3gl aifppy, hra%ﬁ&rt her conprising an interconnect channel extending
t hr ough 314!60”%}8 ngelei?éng first device layer and through a portion of said
second del\éloce ThAYE hect 4. The sensor of claim1, wherein said
substr at fer. C fls s a device layer froma silicon on insulator wafer.
5. The sglrggﬁr Gi\‘i?“?ﬁ{;g l?ﬁ%,yeli/mer ein said environmental force is differential
pressure 1 Passllvatlon ayer

200 Device wafer

210  Device layer

215  Insulator layer

220  Handle layer

230  Diaphragm cavity

300  Substrate wafer

310  Upper substrate surface

320 Bottom substrate surface

330  Vent cavity

332  Vent recess

333  Vent channel

335  Vent outlet

350  Thickness indicator

400 Interconnect channels

450  Device pair

470  Passivation layer

501  Process step

502  Process step

503  Process step

504  Process step

505  Process step

506  Process step

507  Process step

508  Process step

509  Process step

510  Process step

511  Process step

512 Process step

601  Process step

602  Process step

603  Process step

604  Process step

605  Process step

606  Process step

607  Process step

608  Process step
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6. The sensor of claim1l, wherein said vent cavity conprises a hollow
cavity within said sensor that extends from said di aphragm cavity through a
side of said substrate wafer. 7. The sensor of claim1, wherein
said vent cavity conprises a. hollow cavity within said sensor that extends
from said di aphragm cavi ty t hr ough b&LIAIQISS' de and a bottom surface of said
substrate wafer. . The sensor of claim1, wherein said vent cavity
conpri s g.:hg | ow .cavi ty wi thin said sensor that extends from said

di aphr a&ﬁ?%é@??@neﬁ%?ough said exterior surface of said substrate wafer.

9. The sensor of claim1, wherein the environnment exterior to the top
surface of tHe di fpﬁﬁ@@ﬁ%mﬁﬁsuﬂ@ewoémht@d)fﬂﬁm adid seesergomprisiag: i s
differe n \Y n e f it the
di 1er enf ¥éfrggae£lvo i slggna% \T/vgllerrérx?e?ﬁWg fréh M%Egrﬂes{% |P?§?m&g§t{(ﬁ%n§ sdid®
envi r onsehsteate W‘t?ff@'e@d @mmy@ﬁsﬁi@nmawhﬁgn%l tél%‘t alitled frd aa rektesiop sostaaeadl said,
said se dlng
From an Baa ey LEhannel havr ¥ BT i MS T Sl DE Bl

end and W&t i nui ng al ong a channel toward the proximal end to an outlet in
an exterior surface of said substrate wafer near the proximl end, the

c hannel havi mg.ret mwehawt wn&engtherﬂoqomrtaee of B4iti diet delicé NEep lé.bé?dnﬁéﬂ @o

S erein the pott urface of sai
fret asoidder sljess FsAbmBlaleoValah Ana gl utip et st Ol GOLOB LA LA,
and wheffigit lﬁieﬂlcéﬂn’yfer and &f pdrtien bmau@mpssuﬁ@é&)f@bndswbdtrétbrvséfexdmi SpRceRYBdrt and
a porti said top surface of said substrate wafer are spaced apart by

t he cha??%éh P<)éf""(§‘f351phr agm cavity extending through said first device |ayer
to said vent cavi ty; a second device |ayer, wherein the bottom
surface of saidlagwagndadivextending/tbrough saghiiretdavicetihyertopaid vehtameitnf sai d
first device layer to forma di aphragm over said di aphragm cavity; and

a sensing el @r@éaonu ruemedaﬁe&cwndrédem<.£sotlt@mesrurfa&é1@f §§|65éé&8n@|d60'6é'Qa)Je9¢éit ed
pr oxi mai)epéo t he dia lﬁ'f cgmto sense flexure in said di aphragm 11.

The sen®8RA&stodNG R F SAEIr Slepier avey tasform a ‘@?E‘HH%&VSE%{H A@phragihed

in sai dcaag0RhedaiL o aur%ceaatdtrﬁxalapmlaggu fsr mna.aect RSh1Bt AU art BAviNARent
cavity and laterally a ﬁéfif romthe dia n%} he i nterconnect channel for

at t achi RyCHOCOnREIT8R FBFAQ Rottqm SHHRGS PP JarrAgB s Aieed eRataghWith dieent
to a prexiirgdmendxtefiof tdehS SERF via the diaphragm cavity and the vent cavity; and

a sensing element in said second device layer, the sensing element located

proximate to said diaphragm to sense flexure in said diaphragm.

2. The sensor of claim 1, further comprising an interconnect channel formed in
said second device layer and extending from a region over the vent cavity and laterally away
from the diaphragm, the interconnect channel for attaching a conductor therein to electrically

connect the sensing element to a proximal end of the sensor.

3. The sensor of claim 1, further comprising an interconnect channel extending

through a portion of said first device layer and through a portion of said second device layer.

4. The sensor of claim 1, wherein said substrate wafer comprises a device layer

from a silicon on insulator wafer.

5. The sensor of claim 1, wherein said environmental force is differential

pressure.
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12. The sensor of claim 10, further conprising an interconnect channel
extendi ng through a portion of said first device |ayer and through a
portion of said second device |ayer. 13. The sensor of claim 10,
wherein said substrate wafer conprises a device |layer froma silicon on

i nsul at or fer. : 3,10 i j ;
envir onrren}[Ngl fo;r QS 5505 i %ﬁg?lﬁﬁ i @ﬁ@%ﬂg%ﬁp@h?cmn}y eor%l}?'é@_laﬂgé@e\nﬂg%\ptyof

cl ai m withinvdtaét sgnsos Hiatl evtends trawi gayd diepiyapwesavidy Hablgina sigei af saisi sustiateai d
sensor  that extends from said diaphragmcavity through a side of said
substrate water. 16. The sensor of claim 10, wherein said vent
cavity conprises_a holl ow cavi ti within said sensor that extends from said

di aphr agm cdvi t y TPRSSOS0 &f TRt bnveeremnasaid yeniseavty Sopwrises 8- Rakqyy cavity

17. ANyRANSAId $cMsonPapeiteits fRInY S5 EDRFRIm EaVi§ eBrouiNBohensi®s ahddivdlod
di stal end and a proximal end, said sensor conprising: a vent cavity

in a s§WiiGeRf saigqueptralmafRli ng from an opening in a top surface of said
substrate wafer near the distal end and continuing along a channel toward
t he proxi maB. end The sensoubf elainn M, avheesin eridovens waligceoroprissai al helidys cavdtye

vt DR L B, T RBR 9 BB B SR e, (e

top su vice Tayer, efein
t he bostidrubstrdftaeafesf said first device layer is bonded to said top surface
of said substrate wafer, and wherein a portion of the bottom surface of

sai d first devi cgnbaypsordfi@iafin ROWhERIh e SRIrehrheR SdrorEStRitof dLHagiGSt rat e
waf er are spaced apart by the channel; . - ]
the diaphragm comprises an environmental pressure that is different from an environmental

pressure of the environment exterior to the bottom surface of the diaphragm.

10. A sensor for measuring environmental forces, the sensor having a distal end
and a proximal end, said sensor comprising:

a vent cavity in a substrate wafer extending from an opening in a top surface of said
substrate wafer near the distal end and continuing along a channel toward the proximal end
to an outlet in an exterior surface of said substrate wafer near the proximal end, the channel

having a depth extending into the top surface of the substrate wafer;

a first device layer, wherein the bottom surface of said first device layer is bonded to
said top surface of said substrate wafer, and wherein a portion of the bottom surface of said
first device layer and a portion of said top surface of said substrate wafer are spaced apart

by the channel;
a diaphragm cavity extending through said first device layer to said vent cavity;

a second device layer, wherein the bottom surface of said second device layer is
bonded to the top surface of said first device layer to form a diaphragm over said diaphragm

cavity; and

a sensing element in said second device layer, the sensing element located

proximate to the diaphragm to sense flexure in said diaphragm.

11. The sensor of claim 10, further comprising an interconnect channel formed in
said second device layer and extending from a region over the vent cavity and laterally away
from the diaphragm, the interconnect channel for attaching a conductor therein to electrically

connect the sensing element to a proximal end of the sensor.
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a di aphragm cavity extending through said first device |layer to said vent
cavity; a second device |ayer, wherein the bottom surface of said
second device |layer is bonded to the top surface of said first device |ayer
to forma di aphragm over said di aphragm cavity, wherein a top surface of

t he di aphragms,i s i i or

sensor, pandgamzbott@ﬁ?éé aofé&%ﬁ?ﬁ fﬂjﬁcﬁ&gﬁﬁxégﬂﬂﬁggﬁpi%tt%@ %ﬁgr&fn%n
wi t h an tlough emesion of saidifirg devioe tdyer l&@ﬁmwgh aportien df sqith segpmdclavice yayand t he

vent cavity; and a sensing elenent in said second device |ayer, the
sensi ng, el emgnt Ima&&@o%%u‘rﬁtﬁ) tbhdriR SHiPRDSANR WSO Rorlsk e Bsyitd
sai d di aphragm 18. The sensor of claim 17, further conprising an

i nter cor’ﬁV@éfro@r%ﬁW‘éﬁn Froippelator Watsi d second device |ayer and extending from
a region over the vent cavity and |laterally away fromthe di aphragm the

i nt er connect 1dhanrite SansoatdfadhirngOa whensncdaid dnhiesrehenthlofeeteds rdiftaéntial
connect the sensing elenent to a proxinal end of the sensor. 19.
The sendor-0f claim 17, further conprising an interconnect channel
extending through a portion of said first device layer and through a
portion of sdPd sebghgerroviot€lainyl@y wherein said veot caviy eoemsises efhatibwiaavityr,

wher ei N yiRinds S 0skdoR tifut WalePlis HOMPEAiE SRapRrdlRY L&ty tRMEEN o G Br Slid LGB0
i nsul at or wafer,
water.
16. The sensor of claim 10, wherein said vent cavity comprises a hollow cavity
within said sensor that extends from said diaphragm cavity through a bottom surface of said

substrate wafer.

17. An sensor for measuring environmental forces, the sensor having a distal
end and a proximal end, said sensor comprising:

a vent cavity in a substrate wafer extending from an opening in a top surface of said
substrate wafer near the distal end and continuing along a channel toward the proximal end
to an outlet in an exterior surface of said substrate wafer near the proximal end, the channel

having a depth extending into the top surface of the substrate wafer;

a first device layer, wherein the bottom surface of said first device layer is bonded to
said top surface of said substrate wafer, and wherein a portion of the bottom surface of said
first device layer and a portion of said top surface of said substrate wafer are spaced apart

by the channel;
a diaphragm cavity extending through said first device layer to said vent cavity;

a second device layer, wherein the bottom surface of said second device layer is
bonded to the top surface of said first device layer to form a diaphragm over said diaphragm
cavity, wherein a top surface of the diaphragm is in direct contact with an environment
exterior to the sensor, and a bottom surface of the diaphragm is in direct communication with

an environment exterior to the sensor via the diaphragm cavity and the vent cavity; and

a sensing element in said second device layer, the sensing, element located

proximate to the diaphragm to sense flexure in said diaphragm.
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18.  The sensor of claim 17, further comprising an interconnect channel formed in
said second device layer and extending from a region over the vent cavity and laterally away
from the diaphragm, the interconnect channel for attaching a conductor therein to electrically
connect the sensing element to a proximal end of the sensor.

19. The sensor of claim 17, further comprising an interconnect channel extending
through a portion of said first device layer and through a portion of said second device layer.

20. The sensor of claim 17, wherein said substrate wafer comprises a device
layer from a silicon on insulator wafer.
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