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of t nt rnve

environment. | n one enbodi nent e prese on, the non-porous
surface is conprised cAND HEYHLYoCORROSEVEBISVERONMENTSS that is

i npervious to chemcal attack. In this manner, chem cals or contam nants
cannot be extracted over tine fromthe sensor into a process stream

Wt hout |} mi t aFielshof thtibnventéesur e sensor of the present invention is

sui t.abl e for. i.n a.chemcally inert pressure transducer nodule or flow
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envi r onmeRR §xternpe expassd imatallie romponents.b dhef prassorpsenisdr telidgpa fYn-porous,

‘pi ezoresi St type. -For. exanple, ap alum pna ceram c capacitive sensor may
conpri se %ﬁﬁeﬁ‘sﬁﬁﬁ‘gé‘%ﬁc&t@ ’Eg‘])rrh? Paﬂ[]‘o’&eé]r‘& reck entact math Rgidain pm sliraspurag
spaiger i aeidanei. C e bnRedniRRiingnt! &F s ; | AR Ger A c sheet.  The
first thin ceram ¢ sheet or di aphragm ?ésm%é%g%‘%?ﬁrrg e@jg/ NS ?Bjéatfei‘ﬁches
i n t hi cknessapriged bf alayppofsingle biystehsapphiné thaDR@mpawhss to Jieenicdl abttRiiC K8 %his

ceram c sheet has a%tlhi ckness. range between . 100 to .200 inches.. Those -
skilled i HFE ‘-‘j’Ffm § Pr Sopianatants canpgl; be; xdragiefl oprtime ftom Hiee sknaphinagm i s

pr ef er abl SRAGN twh el I i,aphragm ' The, spacer may be
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pressure Lransducers similar to that described in the 496 patent are

avai |l abl e and known in the art. A piezoresistive sensor *159159* WO
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measuring changes in voltage and correlating the voltage changes to changes
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pr%i%essi ntg. ite in, aF e‘Eﬁcontﬁlam' nated state and w thout foreign particul ate.
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Wil e the processes nust be very clean they often involve chem cals that
are very aggressive. These could include for exanple harsh acids, bases,
and sol va@iesFiie 25 sem conductor industry has recentl y'parnisooochsaed
processes, which nmake use of aggressive abrasives. Both the process

equi pnment and the nonitoring instrunentati on nust be inpervious to the
mechani cal action of these abrasives. Fufther, high reliability of process
equi pnent instrunmentation is a must. Shutting down a sem conductor or

phar maceut typically jutiizéscr Whegtstapaswoidges measiring .changes lie vphsge, arOcqrtelstiiy the
transducers have corrrmnbgnerrpl oyed fill fIEui ds to transmt pressure from
the proces¥oliage changesiochpnges dpsansedprassurg. | Eitheypithesspressurg sersos types oray bee

process hy. ' -3 - b ./ 2291 i aphragm of on
sort or an%t?%eep.%&{l—]al i fe e gi?sﬁé gﬁééf’ %‘t?*‘é‘?%{“ggﬁ‘&’é‘%ﬁ‘%‘ dgg\ﬁ’g‘éeééﬂgﬁtls?%? of
fill flui dforatn@ntdofiapiigtiag pressireGabsoe. | 0ss of product and require system
cleaning before restarting operations. Elimnating the isolator diaphragm
and Pill fluid Pigraureprogessingef sensittieanateripdoiypically ralsioes theese pf cmsticluids.
equi pnent mmnleﬁsgﬁ_@g&d n se‘nn%ggg&%&&srranuf acturing has one or _nore

moni t or i ng," Val ol Al engiilve majeraly during ghe mapufachying
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connect ed piscasstl £3EITLARProbRASAAGKyY ShAlAANSA! PaA0d rBhERURRT RO ST | O

and control ling the equi phent. Thes€ nonitoring sensi ng t
al so be debéenrlesighal tekéducotie eontayninativhafiihe atrisitive iakiialibg férelpa panicleadyaigd.
The sensing devj ceslﬂf;rlgy i nclude 10 pressure transducer nodules and flow
met ers havFPRABINgRs, aAnd vagig generated during the mgaufpetaringproeessallae propessing ofithef

t he ygr essu . r or.,.f Lo er _i.n. direct
contes o Tosie kil O OB 8N e CBIAANEN cafuic i Flsfhe ilissriiédns or
in direct deliveathi cuistibflulis tetieprdcsdihgiittsin aittoftabfinI stA0 BAPHIthGt Fltgign! t
has been found that porous nmaterials allow the ingress and egress of

caustic f| partisulater oagious gempanansy phths pregsssing equipmpiteyre cemaninty dedignedabs

are bound ther W thovari o | as i ke materjals i ch thense] ves, are
easily at t%@g‘gedt}gg?nt%o rg‘éncgléger éeélgf‘%eed ac“glrl?ré?s IVBiVﬁﬁf’E% @'PCQﬁéﬁgléJ,S’ qnd tpg
pr ef er abl eisbh?etthbbﬁﬁ:@ssﬂfgr&'bﬁﬁ'&l@froﬁm%n&hﬁﬁﬁﬂ{g%ﬁ@e%&f in direct contact
with caustic fluids be made of non-porous materials. U S. Patent 4,774,843

i ssdéd to Ghi selThepropessing eqeipmentiypically inchides ligmirtteanisportingsyatedts thitogirgthe

t al hj. di.aph h d,.t | ym | de base. Ghijsell t
a7 el capmhe fhemipHeh S Thiely TS erdndiuipaige e lsine sagonsw ibuehe
material, BRRYMIMY eqhiphfint AsHE r’lﬁﬁl% lif&HRAGRical s x’g F&s?én%‘kvhi(?ﬁﬁ@lu{a%s gi‘ﬁrgé) vi de

a further description of the gl ass bonding materi or how the gla dnd
adher es t opuhps, seling imanitaring deviodsy sensbgiddeices salved;ifittinge and fhateg Hevices, are

describes the gl | t h material that ates at 25
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the corrosive environment for long periods of time. Hence, the monitoring and sensing

devices must incorporate substitute materials or remain isolated from the caustic fluids.
While the processes must be very clean they often involve chemicals that are very
aggressive. These could include for example harsh acids, basés, and solvents. The
25 semiconductor industry has recently introduced processes, which make use of aggressive
abrasives. Both the process equipment and the monitoring instrumentation must be
impervious to the mechanical action of these abrasives.
Further, high reliability of process equipment instrumentation is a must. Shutting
down a semiconductor or pharmaceutical line for any reason is costly. In the past,
30 pressure transducers have commonly employed fill fluids to transmit pressure from the

process to the sensor itself. The fill fluids are separated from the process by an isolator



i ssued to Hegner et al. describes problens with using a glass to bond to an
al um num oxi de ceram c part. Hegner et al. describes the use of alum na as
t he j oi nisigoiateri al to alumina ceramic. The devi ces desardmpeshihyoiblegner et
.al. and Ghiselin et al. are believed 30 to be Iimted to effective operable
tenperatures bel ow 400C. Thus, the reliability of the sensors described by
Hegner et al. and Ghiselin et al. decreades as tenperatures exceed WO
02/ 08713 -4 PCT/ USOL/ 22919 400C. The caustic fluids of the processing

equi pnent  Adaphegmed oax sestdr arpdEr. Heilwre of thigiselaicx diaphesgn ind subspqueaslose
sensor havi nan- porous surface that is ponded to the base with a high
strengt h bhaL dgkERis he Prgewsia HulaBPrPrRIKLIsHBiR Ssae pleating hetornc

base is st : a A : al een .found
that B eot FormutioleERAL "L ] fRaR: Mol am i oSS 3fe gi8ieh i
respect i vebhgvanthggsuede t he perfornmance of piezoresistive sensors. A
conductive shielding |ayer cannot be positioned directly between a silicon
| ayer® (on whi chAﬂWegmmmessinmeq@pmg@ommdy need)in aedicohductappufactbgsgus e
of the epitaxial construction of .silicon on sapphire. A conductive

shi el di ng ?‘2@‘8}@ B R BOgtiPERg & 201N B §%P6B1¥iq%¥ RS mseile‘“ﬁ?se#fﬁﬁﬂ%ﬁl%en t he
out si de of ! j ki ] 4 c fluids.
ence, a nooeesRRPLtoSd opAtbIGIERiRNARL Wt B AR 1l ocie

the EM andomfillidg theneqiipment. rihebé monitodigahdedensing teviodsast AkodbeREipR¥POs ed
surface of the pressure sensor. The present invention neets these and ot her
needs t hat 'Qflimingls apyeoniaminatian that sright bedytredyced. Thesapsivgrdepicemmapfindie

t i i | L ON Th ti t
o ouies 1 BreSaird Banhroo MOAIRE o1 ALt e N oS ieeioRRRE. Boad bedshaple
The non- por®hwvesipoftisicofithe flRaMAE saisbZSthOredsurOMarbidhéds Dk YiolwmaRHid @iet

surface adsorption. In the preferred enbodi nent, the pressure sensor
i ncl udes aceriativith the gaustic Juidsn Thos.phe suacel efthe pryssurasesosindjreet et

dj t an.j f di . | | f a high
ot angth mantntRE e RS ool BEnge SRtk HTnE 'l s Be o Rundohparous and t he
nonpor ous  ghatdals2dIBly the thghest lihd 8gRb A FoaBStRVAEEStht bBh St rfafe " ucture.

The rigidity of the backing plate resists stresses transmtted fromthe
houslhg ( nexample.aejamie materiadsars boyndtogetbert with Marids glass dike netitevjsls aiich

Al th h t backi l.at e, i t.in di t tact. with th ss 25
medium it SRR 8 8ty ek e gre peiessbR SomRH A AL Hence g
t enper at ur @rdEAbIe HRR thosd Pgnitohﬁ bf B p?ﬁeﬁ’t@ $eMRBr BdifecPlorills vﬁ@ﬁ%ﬁ%ﬂ:‘ {fvjlllg% fe

shoul d approxi mate cl ose that of "t he sensing di aphragm
possi bl e t made vpporsporeus materialsr nal ef fects, a large mismatch will produce

stresses during fact t hat ause the bond between the two pieces
to yield over tlLﬂgr}Pa‘%ég 7§1§|45I PSQHQ;?%) ‘ﬁlﬁéeléqut aﬁ/idF‘Fc"e’i’S?JP siqingaughbavinge
non-fpr ous g %@g%}gym [ I | DU I cd&:cphductive
| ayer for mgc gt her eon ‘as Sﬁhgﬁg%%dgpgg}@ﬁ%@gmo#‘g%%ﬁgi ﬁ%bsgé?‘?;?g@' sensor
respect i veligdicates\WixtGid Spphite ishdRered UE@icad2 OflDgMis btading matetiall bgdky drivthide
preferred enpodi nent, a silicon layer is formed on an inner surface of the

non- por ous 2ANSpHMRRRdsWiREseiA ehals dpesinet prayidea fyrtherdescription ofitheiglasy i dge i s

formed then | I [ ertures extendin .
t her et hr oué) %ﬁéﬁp ﬁyag%g? §ﬁ¢d§g ﬁ%e%qérf 3 bgg(g%)(?%? ftg&ersélﬁgliuﬁ ﬁbit%}l@&"&i‘ e basgq s
coupl ed t o Hdweves Ghiselin dbsiibad the Al£5 B0Pas dllow strength material that separates at

25 strain points. Ghiselin describes a change in geometry to reduce the strain point and

thereby avoid the deficiencies of the low strength of the glass. U.S. Patent 5,954,900
issued to Hegner et al. describes problems with using a glass to bond to an aluminum
oxide ceramic part. Hegner et al. describes the use of alumina as the joining material to
alumina ceramic. The devices described by Hegner et al. and Ghiselin et al. are believed
30 to be limited to effective operable temperatures below 400°C. Thus, the reliability of the

sensors described by Hegner et al. and Ghiselin et al. decreases as temperatures exceed



5 pressure near the non-porous diaphragmis detectable by the sensing

el ement. An increase and decrease of pressure agai nst the di aphragm causes
def | ect i @iy Plogtfie di aphragm which in turn changes the re%icatesieedi1of the
strain gage. The changes in resistance is correlated with the pressure

adj acent the diaphragm Wthout [imtation, the non-porous diaphragmis
preferably conprised of a 10 chenical |l y-4nert material such as sapphire.
The gl ass | ayer between the sapphire and the backing plate is preferably
made of hidg§h°®ote saustin dluidsofiths piocesing eghipaknbmapbhien extead 300°C. SMédaab! e
known construction I%avi ng a high hond strength and nelt tenperature above

700C alnfl BRese Sramned fonsoRr SW?OW%WW%S%@ @rbi@rbpa@aﬁhtmth?mei s
oyer Crray Tidia il B OGRS pBiCeIR AR behlcch B s iRens Hilrin b afe fikeh

. 010 i nchéssthigte aQeppefatiréSiah exoeksdT 4008csi de di aneter ranging from.100 to
2.0 inches with 0.700 inches being preferred. The active sensing area of

t he i aphr agm Hidies alsadpsent fomd thaEledromagnetivcind Radid FreQuet§ Iterfoeacdei ng
referred.,Jhos illed. in.the art will appregiate that the range of

Ito hi ckness (EM; aaﬁ?mfeélﬂe ‘fve{}ﬁéle%ﬁaaﬁhWé’ﬁFflP%%%F Hgﬁﬁ?ofﬁﬁs%WFM%dAgs
limting, i ; yfal el dal-14 @&P& i rhalkn, a i cat.ions
may be 19 urc t&lktlﬂeurcmrae;%hlu%lgglg()l?y%ﬁcreasbgggsélgb esﬂfeét(sgg?%ﬁilggﬁ%%m‘?ggpé%h‘g CI? he

‘non- por oushalWhpétstagerbfidgede fomneed) hnd texapplinelteeaude of the eﬁnmamngm&ies ofnner
surface of .t he diaphragm er;q%ages an inner surface of the backing plate.
Those ski ilisan PR sippdirgy A ¢ndpctiysshislding dayenen the ioutsideniitheysapphireisarod

: t ed. erials havj i mil h |
expihor on Préth A ASIELGSHRAILY e Pl s IRUSH s onak Wb Bthoustic pador
t enper at ultiBice, Aes@ ELikts H6ith m{-eamarﬂi:ﬁﬁﬁgab@&s&eseﬂ&cg thdt IS ?l?ebﬁlglil 3{3&6‘ R MY

be constructed such that the sensing elenent nay detect an abs

pressure dronyaiiretipg dussensing Element éyved ensgwsexposy sirfadehufithd pressude’ a
silicon nitrid ayer and a.nmetaljzation or conguctive |ayer positioned

bet ween tﬁ%nsgf'le'rﬂ&eo‘}/fe?eé‘gg’rveﬁtﬁ‘b“ gets El?féﬁ pre0 Prd}eégs( Wil brcpme apparent from ¢ hi s
manner t hg rgviblv@@thetiesérififon! YR pR&rs it ‘?(;h_el ectrical insulator and the
nmetalization | ayer bl ocks EM/ RF? from a? ecting the sensing el ement 20.

Theldressure WD 02108713 PCT/ USOL/ 22919 -6 sensor may further include a
coating, gasket or seal adj t a portion of an outer edge of
the | ayers of the non- porougbm#‘é%&ﬁm&mlm de layer, netalization
| ayer and the hagkidigntRh@&nGon Wdviddtorl 4 i [ ' | St ant epoxy or
Corrosion resi sta?t pol yrrergn?ﬁcﬁ a;fo;Fé#Egs%g%%?‘%ﬁff&ragée%%% %?{8%‘0 DF

( Pol yvi nylshdeneef TheonontpproupEhifa¢pdd vletramerikt dyke ton eiffudivigt bad ®w Qirface
paryl ene rra%/fgge utilize V\,&er é‘g an acid resistant epoxy is preferred. The
pressure 287RIBYON. Ip thepreterss Emﬁ wepp ess¥re sensoringlydesapacking mate anpe-

gl agp | ayghrRR4; ROQ sRRE P el ' mtation the preferred
enbodi rrent%gf th Bﬁ"%nd%ﬁ%@ co?rrg%l?ggraa ti {}glr?ireﬂm ag%,&éﬂhéﬁgp aﬁ?‘r?‘&fﬁ%‘ﬁss

barrier. Tiyer dbphkigh sirtngtiomatdriahtibOisftiohded wgmmgnemesoablaﬁg?mwmmﬂ@ nbil @
known suitable manner to formthe Weatstone bridge. A windowis fornmed in

the gl ass PPERPS diaphnesn ckhe-backing plate prasidasyigidieitodhagrustire s The dgidity of theeds
El ectri cal ] for i n the.glass | ayer and
backi ng_ plParaR ik aNE et it HoR LR B PRt st s s s Lemenie

el ect ri calonltee@as@ide dAklsorigh@hdIeiaRl i i | ‘glw;{- ' ssed
to the di gghr_agnf_and p_gi;a%f?ng plutag{he. 1 gu?%%en@glgttlg?ﬁrgge‘:@g%ﬂo |nélﬁk)§otc%éesa _
di aphr agmnegsdum iristeqyired torbsmechgninaliyi stabdelandmmeneble ¢o bigh spaserdtare@eodesdeb e

than a piezaresistive sensor.. The thin sensing di aphragm which flexes when
pressure i DeiEALErPapsion @E)ecqﬁ'&%’%"k% p}ﬂt%ﬁh@“QBPPFBH‘“IﬂtP ‘?ﬁ%]}i thitof thegedsinge of

the sensi Eaie3R0" 8811305 SReHle &,?,g% i ' r n.t i aner
surface of t%a%@gcki ng pl aﬁdé} On{é) e ctﬁ %%t%:gcﬁ t?éergéFFfsfécé%gdnl%%éﬁm%P@h%{ﬁ

. capaci ti verphee stréssesninding manbfachuserthiat iy causé the Bosd bétiveersihie B iestisa® PeROM
and another lead is electrically coupled to the inner surface of the

backi ng plo¥eeimasThase skiledinthe wé wilbanpreiate thabtbp nerrporens diaplwaghmay incude

30 a Wheatstone bridge or a conductive layer formed thereon as part of a piezoresistive or

capacitive type sensor respectively.



Wi th pressure the capacitance of the plates changes. This variation in
capacitance is detected by an electrically connected sensing el enent of
known suiyigaPleg7igonstructi on. The advantages of the presemcriuvegpdoion wil |
beconme readily apparent to those skilled 25 in the art froma review of the
follow ng detail ed description of the preferred enbodi nent .especially when
considered in conjunction with the clai-fs and acconpanying drawi ngs in
which i ke nunerals in the several views refer to correspondi ng parts.
DESCRI PTI ON  OF WitiiouDRAWAINGS ifrite peeferted eintbdRBERRetkdomaydr §¥¥otthed &?arf’ﬂaﬁéxsur e
sensor of the present invention, 30 Figure 2 is a partial sectional side

el evat i on&Wrfageohihsrnoarpasppodippispgmovhertia astisisgage seeinasa Wifeatstome ridge i

i nvention; 02/ 0871 CT/USQL/ 22919 Figure 3. S a rtial_ sectional

i do- el ovARTISARETGre 5 baskinE RIATEBFEs Berits eiading irEBinuek. th aportres
present i m¥RBtadted Fa [ : ' | |e e Sl t yonal view of
an enbodi meﬁl g?}ﬂ%c}]gdrg'rég?giéxrg e‘%scg}]ds,aggéagféh? e pero g[g grﬁ%ﬁ%&r%glﬁ{nﬁ%ﬁ Alﬁhaﬁgeem‘s S
a partial pseseure newathesioneporbwsdispheayni is detevvabit bgthesersehi di@nént OAn ifdfeaBE R UT €
sensor of the present invention; Figure 6 is a top plan view of the

di aphr agmdfee3ss §f Presiea agains therlianiepem eausesdleflretionmf thyt diaphragm edrct in tum

i tion; . EFi Ny ial . ti | . t I i f nmbodi t
of the di SEMeEbIER sfsiindts 6P e it ik, AP chireRe PyfiPietanes ts Camplated with the
.sectional praapurpbdificent e dbplaaggnbodi ment of the bond pads of the present
invention; Figure 9 is a partial sectional side elevational view of an
enbodi ment of WighoybHthitatids, thé northporpnediapliragmeptefeavably tobmbptigidref al0 i s a
parii al segtional.side elevational .view of an_enbodi nent of the bond pads
of i e pr gggﬂicgh?yn\?gﬁt‘?%?ﬁfﬁﬁPﬁh?sesaﬂﬁmTeswa‘erﬁéqsﬁ layer between theisagphire aaddbait i onal
view of amagihoMaRE brefirablydndle®t Bih%ond strength borosilicate glass or other glass of

suitable known construction having a high bond strength and melt temperature above

700°C and preferably above 1000°C. The amount that the diaphragm flexes is controlled
by the thickness and diameter of the glass layer. The glass layer may have a thickness

15 ranging between .002 and .030 inches with .010 inches being preferred and an outside
diameter ranging from .100 to 2.0 inches with 0.700 inches being preferred. The active
sensing area of the diaphragm may range from .050 to 2.0 inches with 0.400 inches being
preferred. Those skilled in the art will appreciate that the range of thickness and diameter
of the diaphragm should not be construed as limiting, but that the thickness and diameter

20 in certain applications may be further reduced or increased as desired. In this manner,
when the non-porous diaphragm flexes to the maximum flexure, a portion of the inner
surface of the diaphragm engages an inner surface of the backing plate. Those skilled in
the art will appreciate that the backing plate and non-porous diaphragm are constructed of
materials having similar thermal expansion rates to avoid unnecessary stress through a

25 wide range of temperatures. As described below in greater detail the pressure sensor may
be constructed such that the sensing element may detect an absolute pressure or gage
pressure.

The pressure sensor may further include a silicon nitride layer and a metalization or

conductive layer positioned between the silicon layer and the backing plate (see Fi gure

30 11). In this manner the silicon nitride layer acts as an electrical insulator and the

metalization layer blocks EMI/RFI from affecting the sensing element 20. The pressure



sensor of the present invention; Figure 12 is a partial sectional side

el evati onal view of an enbodi nent of the pressure 20 sensor of the present
inventiovo fi@4ie 13 is a partial sectional side el evati opahysiewiof an
enbodi ment of the pressure sensor of the present invention shown positioned
in a pressure transducer housing; Figure 14 is a partial sectional side

el evati onal view of an enbodi nent of thg-pressure sensor of the present

i nventi on shown nolded into a pressure transducer housing; 25 Figure 15 is

a partial ss@ekma)Fhrihe IndMhd¥h dafiig, Yasiedd of SO0 diaBGI: tPht 16418 ﬂbﬁﬁﬁﬁgﬁg‘. of the
present invention; Figure 16 is a partial top 'plan view o? an enbodi ment of
t he di aphratpmedde ¢fithe pryersend thel nonepurowsdiaphrggmesilidon sitrideflaydrj mbtaliggiohonal

i nt of the pressure 30 sensor of the

si de el evational ,view.of an enmbodi nent ¢ ) : f

present i NWEHER ﬂ?baaﬂntpglﬁﬁ ewit O\i'tggalt%m pgifl resistant spey ef Eosioa vesistamal
view of a L [ 3. .PCILUSOL/ 2 9

sensor of rbtoﬁygpeggké@% ﬁ?\%@? llygér’]"%ﬁlgg)leﬁa' l%n\égeﬁbg?Iz(a&ll?g{d%%%%ﬁ?’]%wgage of
t he $ensor(polpbhdictieRkmaf R ERddeNor ey RAE BRP beiutliost, whardif B 888 Msked 0adl y

applicable inprovenents to pressure sensors. The enbodi nents detailed
her ei n ar €ppxit spaefgrred be taken as representative or exenplary of S those

in which the inmprovenents of .t i pventi may, be i ncorporated and are not
i ntended to berﬁﬁerﬁr?sisw&“qﬁ%“ﬁﬂgﬁB?I@J]Baéﬁgﬁ?“%]fmi Wéglﬂp@?émbthml‘:on may
be constr ' JA=Y ARSI AT CREMG :Se i .sensi ng
di aphr ag m%ﬁgaygi?{gii @Sﬁgﬁggﬁdr“ggia ﬁga%%léde 0 h‘;ﬁ’g@é@’ 0 %F%g%%%?%ﬁ%ff
sapphi re. ofltheshondtpiadetomptisea titenininigyatianghrdiffusiomparkier. CDSddped k@idowthiR

sin &e cryfsta,l di anond. The sensor 10 of the present invention generally 10
coni i ses HMyAEKRGORgeHs thedond padsdn aikangvan suiabls grannar todprm the Wheatsionond

bet ween t he:hacki | I and.electrical leads 18 (see
i gures 1 SHeo VRS forka BACARP BhRP B Brck R B it ish € ol dormssa
l'arge waf ab bohd pdils. Hlaglical tdaiséatndbhpiiphtRe WindeésAdoaRed idhe PRVapERAGT S can
be fabricated at the sanme tinme using the fam liar planar processes of the

sen condudiagking plathandidy eleesicalleads ask biazedito the bbad pads. @k keleceicalleadserd hat

sapphire is_an.elegtricak I | at or.. \When.t he s ireis c lLong the

R-pl ane i tbr?zsegﬁ%gficb&ng p?%s ﬂ{%&? gltagﬁ lﬁ&frés &Pﬁ%@f’?‘g{; 1aphrpgin a*‘ﬁ’ﬁ&b‘fg A con

of appropri at e Thhhakeess e@rfboﬂﬁﬂexﬁﬁmédl@pkﬁﬁ@ﬂ%&%ensﬂéﬁeléh&ﬁ(@ﬂmhﬁ%ﬁrto can, by
p

diffusion, ion inplantation, or other neans be doped wth atomc species
such as bowente arapanivansh aather than gpieeoresistive sensare Mihe thid sensinggdipplopgem i es. By
varying the.inglantation 20 enerqgy.and dopani concentrajion the area

resi st anceﬁ'f%ﬁg"eﬁfw e_t‘l‘é’“?ﬁs}“ﬁ\‘%%l_?ﬁ%g’ jaLf'EBj%"dt.‘v & tprme on the drner syréaeet o
havi ng el egtthd debink ARiphlaaRted alolter ERABRR e ipliate fs%hﬁécﬁ&?ﬁxe'iﬂxeégﬂgr?&@%?tﬁeo

strain. This property is known as piezoresistance. As descri earlier,
def | ect i orbagking plates esé elgctrical péadas nornected|td thet caphditivdyplafel formabsh the ddiece a

chafde | n EerSoEIRE Sinshe SHPRER Rl R oS HECEiBb PPN BRE of || con,
an anneal | {grast Githé Badkes plak! asfiRd W%ﬁgr?g%eﬁp&nﬂﬂe hﬁggﬁgﬁxﬁdﬁﬁé @gﬁ ; hat

build up in the filmduring the i ation proce e ann step
al so hel pswilh ptessuneithe capazitduqeaftheplates changes.uBhis varihtjor inrcapaphtande i he
silicon Ia%/@%:' The silicé)ag patterns 20 form a \Weatstone bridge 22 (see
Figures 5 tedh by ap-glectrically| qoppected sepsing plemgnt of knosmesiitable comstuctiencer al

di fferent pattem"% . . bridge 22. The sili.co
resistors 20 may edg %rﬁ%&%@%@%&ﬁ%%ﬂ%&%%rﬁ%‘g] aetﬂl?ﬂ?nitgglfﬂ‘ﬂ’ ﬁlﬁgg An
i ns@bat i nginlthy &t fidkn & irdview of thetfolleWingHetirRa deb@iption of ti e ferrdPeRBbBHchs

especially when considered in conjunction with the claims and accompanying drawings in

which like numerals in the several views refer to corresponding parts.
DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of the pressure sensor of the present invention;
30 Figure 2 is a partial sectional side elevational view of an embodiment of the pressure

sensor of the present invention;



_g_ PCT/USQOL/ 22919 10) is applied to the entire surface of the sapphire

waf er by chem cal vapor deposition. Photolithographic resist is used to
prevent {gokdghiFron nitride |ayer 24 from bei ng depositedpdpuidipbond pad
26 region. Wien the resist is etched away a wi ndow 28 is opened up above
and adj acent to each of the connection points or bond pads 26 to the

Wheat stone bridge (see Figure 8). The sil-icon nitride layer 24 is a tough
insulating |ayer and further protects the delicate silicon layer. ,Mtallic
bond pads 26 arkigwesdeapartiaceotiail sidb ele@atifmal +i6@ of he 8HBoditch@ it oressur
Wheat st one bri d?e 22. Metal s, commonly used as bond pads 26 1 n se conduct or
devi ces sIFERSORE ﬁﬁlmeséhﬂn&@ﬁ@hum are unsui tabl e because they will all oy

with the silic at ,10 al assing tenperatures. In the preferred enbodi nent a

two netal Iaye;m%%rﬁé lf)%gaﬁ?iglss(%ﬂ%%?g@?g VL{éoé‘éJ YFY R an embodipentpf the pressoes s

call ed ra@h,qgoi-bggféwnt(ﬁ@ntmytteri ng a layer of titanium 30 is deposited

on the entire wafer. Titaniumis a very active netal and has excell ent

bond} ng proper tHigire 5Ts 4 partiahsections vide elevatipnal iswaf ah dbsdifRnttid ﬁé%s'ﬁ?ed g
ond pa

between it and ig\e braze material 34. The braze alloy 34 joins the
26 to pi n$CHYT O NICWESERIVENt®D) f usi on barrier 32 the braze 34 will alloy

with both the tg; i I 30. an he.thin sjli.con er 20.,Upaon
cooling, this apl1 og 6lvj\lgual @%ﬂ%?ﬁ%&%&@?&agwh@ﬂ?g aé’kﬁ%/aésﬁ@}ed?ﬂ%rf@’é%efhnd
local |y dehére@yof the pidséntaventivhm The diffusion barrier 32 needs to be a
refractory netal that. will not formalloys at the brazing tenperatures
(appr oxi mat el y Figgejs a pirtislsactidnahtop atanoiew of anfembuodithern githe diaphraph offhe

nol Yé)denu%ete talngn}r 20 platinum and palladiumare suitable for this

pur pose. The BarYT&Ymat erial 32 nust be capable of being made into a film

pur pose. - HiE “Dal ial _ ng m g
mast G soc at o B praePRiarie oA p PREAY Bed dh OB el M ovlpolfipafRhefie oo

di f f usi on psesent ipventibhe ni obi umis RF sputtered across the entire sapphire.
wafer 14 on top.of the ti t,gni um | ayer 30. The niobiumlayer is then
patterned usi ng: IRHE S DRArHaksReRpnalideclevatinmal yigysof angmbpédimentdfshe ond pads
enbodi I'Tentoftﬁé'?eggﬁ filvedtfn: t he bond pads 26 is deposited and patterned with
met hods known to those ski'lled in the art including, without linitation,

evapbrati on andFigyratlOés a partial beetibraldideatevafiond v b G@AbdBmSMIT the H%)ﬁ t hat
t he net al o;ie{r#t&les (ssee Figure 8) a portion of the silicon layer 20 but is
primari |y P2AS Bf MEPICSEARYENIOny with t he sapphire di aphragm 14. The reason

for this is that j j: r ave small pinhol es, has been
Found that i 1 tREVE! LRt e ENEY Sl Wk alNT v g an Bbpiictephor hegemmaos 713
-10 PCT/ Usedsoz 8Pthe peasent iaverdidnit Will alloy with the silicon with

consequent failuyre of the film During glassing and brazing, the silica
gl ass 16 can sdngueddisanartigl seqtipaalsidspleyntionsd visveofan stbbdiorent dfthqypressure t he

regh®n wh - netal overlies the silicon pattern 20. The

b_ratz(g 34 %@o}?&h@%@%?@ﬂyﬁgmgﬁ icon pattern 20. Once the sapphire

di aphragm 14 i Fipatleiswshrtidl BectRanitecelwBbedl viesy &Paﬁ%ﬂxbU&i&x{égt %’Qe&ﬁ}ehOds
rom t'hé

of dicing to sePar ate the plurality of sapphire di aphragns
sapphi r e iERs9F of thetpiesant inventioatshown pesitienedl in agtréssuts tiansduceli Hogsiagy | be and

fracture al on rystal planmes, ultrasonic.nmachjning, or |aser cutting, na
be utilized. %?gg%gig b*rabﬁéﬁ‘bﬁﬁé‘ﬁ’&‘ﬁl& engPB%a?m;W apembgdimsaief th }ap?r@‘g@gnsy

14 that arsensdest thdk@ehtGhvettRRSHEWN SRR r@%&&%},{ . ectrical
| eads 18 are br aze?rto t he bond pads 26 anrﬁodtl%e gc |ﬁg&|§fg{h§m§2 is glassed

to he di aphr adiigurd 15 Thepatinkdectiamak topplat view oFan@nbodinght bEthe Anphgal &d Of

the present invention;

Figure 16 is a partial top plan view of an embodiment of the diaphragm of the present

invention;

Figure 17 is a partial sectional side elevational view of an embodiment of the pressure

30 sensor of the present invention; and

Figure 18 is a partial sectional side elevational view of an embodiment of the pressure




ceram ¢ having holes or vias 36 (see Figure 2). The vias 36 are forned in
the backing plate 12 to align with the bond pads 26 and provi de passage of
el ectricgiobm@dss 18 fromthe 15 sensor di aphragm 14 to thgeplafhbasi Ccs
utilizing the pressure information. A vent hole 38 Z5 provided through the
backi ng plate 12 when a gauge pressure sensing is desired. GCenerally,

ceram cs consist of netal oxide powders-8.hat are sintered together at high
tenperature typically using a small anmount of glass to act as a binding
agent. A CRA¥Rbf GRTREHeht inFerdior Hali ' I 3 |,es to
single crystal sapgﬁi re. As Ioongﬁggwakgﬂ[bﬁgag? as %%%%%@eo#hﬁ%%g rﬁm’ na
ceramic is kept below a few pdDEFAILEPDERERIPITION ansi on properties of the
two materials w,l be negligibly diflf)er nt. A glass 16 that will bind well
to both sapphi recHiereat ﬂ?’ﬁ'g"&fé’reéﬁ'ﬁ% 1eadly applisaRipjmprovements topessunglsensors.
expansi on i; e : been found to be | |
suited for H‘P ?@B%ck?%gtg?@ {aﬁlﬁé&isléerglgltages@taegaﬁcg@beﬁﬁé&%sé%?seﬂté‘ﬁi'e qreqﬁgl\rﬂpiqrﬁ s

t hanst hos ethgdeds sdich2he ugovdntinty ofitie iBOGRIOASAPHARdRptatbPLRIRASot intbndbdGo PEEN
found that sensors fabricated frombul k silicon experience excesslve

di f f usi on lof ligsiingat Bheoptessune sersdf afethe pressinbripvernTionsmay fbes@nbitidtedidsi §0n
sensors are %ﬁ’\{?i'bﬁ?a”? resi?ri cted to Eﬁrgocessi n%,tggpéeratures.of no nore than
450C and tHEAPTEEHVE AT SAPATIAuee sensonhavinga sepsing digphagey e sepsingdipphragmds . i n
U S. Pateng i Bolel &d d) : iLe. di ragmto
ceranic bacﬁ(i[\é(r)\%f %Plgtz éeloggl%ﬁlaesﬁ%deeﬁggp l@% n'f‘?%ggtfrl\‘{agﬁgg Féen%{ngﬁgb%? dg%gﬁi gh
bond st r engpnbiriptedost 4 singleerytad dizmsonds €Thel sengiralfsofble preSerl iSlehfich obAGHIY Ower

temf@r ature | ow st{,e th solder glass or glass frit. The WD 02/0871
PCT sonz%ﬂ%sls@%-ac?i?wlae A 2gtenging disphragmel 4, siliaglasabendebetwesmtlic bacngnd

is of lo t, . rger, t:0 g the s hire to alumina geram c by
"gl assi n\é\%lﬁtgtlhftrrﬁgft Ergﬁi]%gglz?&r%ga?had%ﬁ?%l:é&g Sa@g&fg Iﬁ%‘g“'ﬁaz aﬁaleﬁf 0 Hﬁ‘ﬂg&ﬁe
screened ombfadrerc ol tioaemsing displiatn ¢ k| d1argehvaifer dfhe ifelE bly DI sebPife Istusd
inmportant that the silica glass does not flow far from where starts. .If
the inner Withatamasy S@?SO{S(F@ngP fabricged atdhgsamedingeusiag thefimitiarglanar phecepses s ur e

characterigtiGS: or 10 can change drastically. Further, during
t he gl assitﬁék%?lgglfé%‘%&?it?scgpﬁlggﬁl ass 16 flows over the netallized bond pad 26

bef ase the brazphosdskilled irthd e il dsto2Riz8 Blak Sapphlte i ' ! ze to
t he bond pads 26. The firing of the gl?‘ass sheg)ul d ll)eéd;c?e%%cnaﬂrlg{rﬂa?&' \}%Qn

t enper at ur'@g sapphie i aut ploag itheR-plane itde possible tegmiveas single oy staheypitasgdl il gfs ul t

in instabi].t r 10 glass fracture. .Eurther, t siJ.ica glass_ 16 nust have

openi ngs oird“\:/(vll%n0 S\V\gmp]g?tets[ﬂ‘ék’gfseﬂ {opc?glthepsiaﬁgmi% %i‘?@dw c3n, byydiffusion,

control | i nign ifplahiatic v Sthep fnebitbesdopkd il ASHi he di aphragm

14 and the bacgi ng plate 12, et he sggsi ng di apﬁgﬁeﬁcgﬁ%w‘égﬁom out on

t he backi righoppheres oZBivRhE fidmsemicondwting prdmeeesFiByuvaeyidy the Tmpiantdtivns

oveLpressure stog Jncreases, the overpressure capacity of the sensor 10 by a
il d §

facfor of TIERYFMOfgpant Concehratiqn the area resigianss vale pfths armibe adiystad: (This -
|l ead 18 t hento . : : t: .slightly bel t hat
01(ca at he si f)fii%rg%l ass l{1)%%{11%5}8 ﬁ%ﬁ%&xs@bg@g& 1@%3 %‘igetlk%gs%é%cr%g%5‘?&98§S§§\évughaat

its melt twnperBisipepety isdmowe aapiczackisacd. r Astéseabetdatlicr] @MREGOEE theV t hout
limtation, i.t pas bee fog&d ih tﬁs_gveral copper braze alloys of suitable
known constRiipe fpRhzem 14wl gtrainthe filmepd grodyee a changsiin tevistanes. Then .t he

braze 34 201t . ipns:to flow then if the silica
gl ass 16 %%ﬁsﬁmg%gfghgﬁég%lo@nge@gg%%g} &EP‘\%%E‘?H %\?\)Sg\‘)‘éﬁ' t he braze 34 and bond
pad236, t her ebylfjpemivipglamgtion ig thdset R dopethesifice € lah @hindafin Rapdipad region.

B
Wthout limtation, a braze alloy such as Pakusil-15 so%d %y Wesgo Met al s,
San Car | osfollewmerdoping-o remeyestesses that buitd wain the Fimatadngiredmplmtdtionor por at ed

has been f : . 25 The el ectrical |ead in 18 shoul d
e of 5 st ShEhBERIRETEENG teles Etabily B Shan Soms arcruankiommiet ) - Such
a pin 18 corfugRest thysitibéh BPQMEHE ¥iliehn gi}%n}igfi@ﬁ)rﬁﬁ eétglgn{%@%@fz égﬁ will

W S T t he

have good strain relief properties an not conduc re

pi ns 18 t oFighees Sendi7hgTldse skified in thiert il spp@cisbothtsebaralndift et Mittebnsean
mat Eri al w tB %og%“%r?aze and reasonabl e sol dering capabilities such as
ni ck8l or Poferet aisong Arifgsdse ' Eheiliconapistors 20 way be patletnedbytstandard

materials ﬁ{ot&ﬁﬂéérgqﬁﬁé {egﬂni&ges:[ & insulating layer of silicon nitride 24 (see Figures 8 and




sensor 10 allows use of such sensor 10 at very high tenperatures (above
400C} over WO 02/ 08713 PCT/ US01/ 22919 -12 extended periods of tine and/or
such sensa 0d0s913may be nol ded directly into high perfor marceusiasic

housi ngs such as TEFLON ("Teflon" is a registered trademark of E.l. DuPont
DeNenours and Conpany) (see Figure 14). Such nolded in pressure sensor
provi des an extrenely reliable seal betsfleen the sensor | 0 and plastic
housing. Wth reference again to the Figures 3 and 4, flexure of the

di aphr agmi®iswppliedtovhdentite seised thesapphirawhfee ty Chéimichldepbt ddpositiu. 40
represents_a greatly, exaggerated flexure of the di aphragm 14. Second dotted
line identPﬂlPtogaprﬁ@ tegiplrig yesekte previenkihgsilicen nitride dyap?d &g heing deposited

over pressuyr di sre ding t st.oppi. affect the backing. plate 12 has on
flexure of™ ﬁﬁé’%ﬁ%‘ﬂ?@&fﬁ@hr%ﬁn %g?%&ﬁgg{?&gﬁwg&wrb&agf% OPEREA MR woul d
likel'y 10 ahéacindlaRja@Entdb eabh $ftRe SirdRbiDPBIRE or %bﬂdlf)é‘ds%zl? Wwﬁe&%hé | ed

di aphragm 14, having a thinner central portions of the diaphragmthan the
out e¥ por tbridge (ske Figrirel8 ) Fireasijivon Tytpide ddyley 24 &sa tongh dhisahuihg tayef aridhfrtieaphr agm
i s decreased, tale tBi cknﬁjzs i)f t he di aphragm shoul d decrease for maxi num
sensi ti vi tyoteeththegshcaiesilisemlayse di aphr agm 14 and backing plate 12 may be

controll ed by ni { lol, M.t ation, a 15
typi cal flexur 'té\n(gt?ﬁl? ﬁ@h@§gﬁﬁaﬁ%ﬂg%&gg§§%@%ﬂg%%eg gc%%lw:tﬂgﬁees and the
spaci ng mayhdusthietbiipe 220 Métals cORBDNlyIGRASs BoRE Patis b iHReRicohGudidY ddvitess and
di anmeter of the diaphragm 14. The order of magnitude of the gap is

pr ef er abl yuelwsgold prd aluindiume gee wkuitable b¢capserthgyrwilliallophwith thei silécoman si ng

region of the diaphragm ran bet ween 0.075 to 2 .inches for, a diaphragm
havifhg a (EFERE SEPeras I the dretEmedembadimegkt tye et layer bandimagis

constrai nt qam iB&reliioh.C hal84:6 4 | : er
during vvafcg?@act)drdir(%:ézﬁ]itlgﬁr.e lg?ﬂ ?%ggéi‘%?%s géll;gtrg?lssf%éla?%{g Kiﬁﬁg%\%?wgher eis
no easy ndayeodf tifanfuon 89 mdepbsitedsmthé entére dvadigprh I gRINDis acleeyractle ntalceEses.

Al t hough nuf acture qf the diaphragm from a thinper sapphire wafer works
up to a p aﬁf”,‘ceﬁﬁ@ %“awgtﬂ’i%ﬁ’%‘fs' gdlwgg%é’ol"‘fﬂ%é‘ﬂluﬁﬁﬁﬁ\fﬁ’?m baEiESR for ni ng
process r Is i i %ﬁah i.vel 5

i ncr easi ng’%wlégné{%ﬁg?gﬁ)ﬁg? h{aﬁ%fa!s gﬁ's?ﬁégéaggguﬁ ﬁfﬁe I %gﬁ(g%%aildnt\éfpé%ssle% t he
sendbti vi tWithéuta diffesien baridedl the. brade\ddweill alloypiitebdtl tastitaiiemdapersioamdof t he

di aphr agmtgncr,eaf,es 1so do the costs. The nodified di aphragm 14 shown in

Figure 5 r ippnlayen 20 Jdran coolingchis;alloy wawld b dsarvmdezether by surfageng ar ea

gt atlicon
whi | e bei 3 | G phiL e 30. waf er i.oni.ng the
G ‘aphr agm S RS o fitalty Q8 SiiEEn ARRD THE SieBichTaRlor )3 el P besc
conpl i ant mefiasstyrmetakthai widl whit &ht s1HY8 at thelbraning tefeitirad (dppiokimatelynd each
devi ce WO 021 08713 -13 PCT/ US01/ 22919 proyvides strength required, for
exanpl e, WA ) Vithoutithpitationsrpbiym, W&S@ndir&d@m rapkybdenumyitantalampr essur e

senggr housi.ag ' r [ i thyity required.
The 2apph Fadtim, S8 phlidy S S@ub BSARKRROE AB8 Khiter BNl Lot Toane
such as absapsbly of beififintde ¢nte b filtkntHain@n inimahdmgg ok Emmeg extbiAAg thirkhgH ed
inthe art. Alternatively, an annular groove 80 may be forned on the outer

sensi ng suhe filra. dyaxidegimyshdisspeiateat{brazing tempesatarey. Nivhiure isfound sxiwork t he
art will appreci t hat al t hough.t he. e of the grove is noj.critical,
r ounded ed‘ggiasaﬁ%‘g‘%’&}s’éﬂf% gﬁ%ﬁjé’lb}“é‘a 355%55?&5‘?‘{ 5 ﬁhet FIrS FAPBYIECS rater
annul ar, Of &K top PR titakiudi 18 %ome%lﬁdﬁq#ér@s E@n?@cltérﬁé@usm wn Stress
in the region adjacent the glass bond 16. 10 Referring nowto Figure 11 an

al t @nat e kthbgrdplie techofquehe pressure sensor of the present invention is
shown having a copd

i ve | i ched. bet t he backi late 12 and

T R et o e Sl e bt 2o
ded. S : . Lt

CEm and” R as TR Pt € RO oA APl BN By e

of pi ezor eevapbiation ad siteting. TRebsidsadds it hetaRed idudh a 4P Shdt Hed e of

silicon on sapphire and the desire to bond the silicon directly to the
sapphire, pyerlies (sestFigusi® apoeioneihe silicorolaperc2Q b is prymarilydn disest cohtectsi | i con

d.th i . FRurt tti i | .on. t t si f th
e A T R VR ST A R S R
of the sapmhmll sinﬂmeghrt%qabeewf&)mad i %etlffaim is]EaBI%. tsgseﬂaﬁ&é %€ dBfusion

netalization |ayer 48 nay conprise a ayer of niobium tungsten,
iridium nolybdenum tantalum platinum and palladium or other materi al

known to shield EM and RFlI. Thus, the netal |ayer 48 shields the sensing




el ement fromEM and RFl originating fromabove the conductive |ayer. Since
the conductive layer 48 is at ground potential, the EM and RFl wll set up
st andi ngwpsRs i th zero potential at the conductive | ayaicrigsoriorhs known
that if the 25 radiation of the standing waves has frequency conponents
whose wavel ength is on the order of the distance between the ground pl ane
and the resistive conponents, significah@- interference wll result. If, on
t he other hand, the distance fromthe ground plane to the resistive
conponent barrier SIilwill dllogwith e Siliaoslivid coBvRemithiturd oF fe TRAI. i[ﬂirmg%liﬁﬁigi tude
at the location of the piezoresistive element and no interference wl

occur. Si AekbERINgathe siramiass |6 can sesvetodohidbisdie Bow of thedrazzridefrarh thd\vpin to o

1,000 WHz,, th i N I h this,f is 0.3 t )
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sensor 10 medlyodsellpws ifor amtting rimddiaplragme 44 tirat aterdesisable for presssre B8ensop (See
Fi gfde 13)..havi.ng primary and secondary seals 52 and 54. If the primry
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sensor as shown, igure 18. The seal 84 has an L-shapedacross-sectlon and
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pressure bb%&kvﬁ ur:]orE Qx%e?igr?c!esexg&gi/vg rdi r (i)c;/rl gfedo%ar?t%%osxgsg i?xtcj e(ljdrjageln{J ;egisons. Thus,
these bulk silicon sensors are typically restricted to processing temperatures of no more
than 450°C and then for only brief excursions. As indicated by Ghiselin et al. in U.S.
Patent No. 4,774,843, reliable bonding of sapphire diaphragm to a ceramic backing plate
30 has been a significant problem. The proposed high bond strength borosilicate glasses used

in glassing are distinct from lower temperature low strength solder glass or glass frit. The



WO 02| 08713 -15 PCT/ US01122919 perneating through the primary seal to exit
out the pressure transducer housing 50. The sensor 10 of the present

i nventi oywgewsng a sapphire di aphragm 14 provides a presmUisenzay that is
corrosion and solvent resistant, has desired flexure with no neasurable
tenperature or pressure hysteresis, and can tolerate process fluid
tenperatures exceeding 5 400C. Referrinfl-to Figure 14, since the pressure
sensor is able to withstand high tenperatures, the pressure sensor nay
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tenperature the voltage Vt will "also vary. bri dge nmay utilized
as one reshont@ad regien.vWithaydimitatiod abraze alley such #h Balusilt ldgeldby Besgo hen be
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18 to the sensing elements. The pins 18 should be plated with a material with good braze

and reasonable soldering capabilities such as nickel or gold.
30 The high temperature capabilities of all of the materials of construction of the

sensor 10 allows use of such sensor 10 at very high temperatures (above 400°C) over



15 wherein the coefficients axx are obtained by a | east squares fitting
procedure known to those skilled in the art. Uilization of the above

char act exyzéids@iz al ong with the data fitting procedure wHRdAT/pSwoRede a
sensor with a calibrated tenperature output that is calibrated for strain
effects. Thus, the sinultaneous neasurenent of pressure and tenperature
froma single sensor is achieved with qli2ck response tines. Aternatively,
if 20 only tenperature output is desired, pressure characterization can be
avoi ded byextendehpérivgs ol eimeegd/od budhs2nsc? 303h8) bé Molded daséthy inkAkighs not
strain sensitive. For exanple, maxi numstrain sensitivity of R-plane
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el enent s b AAGANASRIeS) refiable Sed) BEMREA it deftfor!1® a&xﬁ?légﬁgh&?' I Caxis. The
axis of the resistors can be rotated to elimnate pressure séefisitivity. In
thi sSmanner, séWithreftRncoagain etheBifmrds® aid 4yifloat dMRsEHpIRagANI WilMidw and

to, thus, jonly determ ne tenperature Eroxi mate the sensor 10. This
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sensor havi ng non- porous outer rface, sal or conprising: a backing
pl at e haviTypically] asithe dmnutteyof the diaphragme is decraased) thiettiRkiéss PRTRATAHANEMY an
i nner and gut r,surface; 5 a sensing el ierrent adj acent the inner surface of
t he di aphr® a‘ﬁlﬁd&"fg T magimum sepsitvetyh Jiig €ap Bytvpen the digphregm Ad and baeking
surface of | . ' ' onN= poOr ous
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pressure ahr%d ten&erature, near  sai d non-porous di aphragmis tectabl e by
sai d sensidtg§veen -84 EnbAP2 inshesidepending spomihe thigkness anddiamgienpfithe diapheigm t he

Sensor as Yoo Pahar el bORERd i dugRall Qe Bl Grmbis” |
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sai d gl ass_layer having a thickness dinension erei n when the non-porous

di aphr agm dipRi%agim haviag gdhicknsgs ragingifrant 0ORE te 0.050 paghes. oPractical constraints
20 limit the thickness of a single crystal sapphire wafer during wafer fabrication. Unlike

single crystal silicon, however, there is no easy method of forming thin sapphire
diaphragms by chemical processes. Although manufacture of the diaphragm from a
thinner sapphire wafer works up to a point, the high thermal stresses induced during the
sensor forming process result in self-destructing internal stresses. Alternatively,

25 increasing the diameter of the sensing area of the diaphragm increases the sensitivity of a
pressure device. However, typically as the diameter of the diaphragm increases so do the
costs.

The modified diaphragm 14 shown in Figure 5 reduces the thickness of the
diaphragm proximate the sensing area while being manufactured from a thicker sapphire

30 wafer. Thinning the diaphragm afier thin film processing has been completed allows for

more compliant pressure sensing diaphragms. A rim of material left around each device



20 the inner surface of the diaphragm engages an inner surface of the
backing plate. 5. The sensor as recited in clainms 1-4, wherein the backing
pl at e angy@@iespy ous di aphragm are constructed of materi atGT/osmi2eg9si m | ar
t hermal expansion rates. 25 6. The sensor as recited in clains 1 and 2,
wherein said sensing el enent detects an absolute pressure. 7. The sensor as
recited in clains 1 and 2, further incltlid-ng an aperture extendi ng through
sai d backing plate to allow detection of gauge pressure. 30 8. The sensor
as reci t edpronidek sirength réquired)dor éxagiplesiwhgn e piih@diaphlaymds ROgirdcedosthdti con

| ayer on a sapphire di aphragm bet ween the backi ng plate and the di aphragm
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10. The sensor as recited in claim8, further including bond pads between

sai d 5g| assAltesnativelydansainglan grooye 80 nsmydiedpimebon thé dutel kehshgnashceast theci t ed
inclaiml further i i ndows faormed in_said glass |ayer providing

8., i n¢l udin W, )
access to S4pPHa ﬁS%Ié‘.g“TO] 2 Theseskilleddp theast willanpeagiate that althaugh theur ¢ her

o % Le. H s . 9
backi ng o1 Be of fkrb B hof ARGl MR BAR AR BB RIBRERI A SESEE The
sensor as te@ré®e is anilar 6ihér gdonisitieshapeinb¥l b adequak tdtdliedd HOfurk 3¥&% in
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a] ca] ca] calgaltah&Mhfitresult. If, on the other hand, the distance from the ground plane to the

resistive components is small, then the standing waves will have negligible amplitude at
the location of the piezoresistive element and no interference will occur. Since EMI and
30 RFT interference occurs in the range of 1MHz to 1,000 MHz, the minimum wavelength for

this frequency range is 0.3 meters. Further, the distance between the ground plane and the
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10-u 5 present invention is shown A non-porous chemically inert pressure sensor may be used
advantageously to detect pressures in a highly caustic environment. Sensors having a sensing
diaphragm constructed with single crystal sapphire provide excellent protection against
chemical attack. The sensor 10 may be positioned within a pressure transducer housing 50
(see Figure 13) having primary and secondary seals 52 and 54. Ifthe primary seal engages the
10 outer surface of the sapphire diaphragm, the process fluid wets only the seal and the sapphire.
Since seals of known suitable construction are permeable to process fluids, some process
fluid will get beyond the primary seal. Very aggressive process fluids such as hydrofluoric
acid that permeate past the first primary seal may attack the joint between the sapphire
diaphragm 14 and the ceramic backing plate 12. The contaminants from the corrosion of the
15 joint may then permeate back into the process fluids. The present invention may include a
chemically resistant polymer such as an acid resistant epoxy, for example without limitation,
acid resistant epoxy EP21 AR available from Master Bond, Inc. of Hackensack, N.J. applied to
the edge of the sensor 10 surrounding the joint. Alternatively, a gasket type seal made of, for
example without limitation, TEFLON, or an elastomeric type seal 84 made of, for example
20 without limitation, KALREZ, may be compressed against the joint of the sensor as shown in
Figure 18. The seal 84 has an L-shaped cross-section and may wrap around the side of the
sensor 10 and onto the diaphragm 14 sensing outer surface. Those skilled in the art will
appreciate that the gasket seal 84 may be formed as part of the housing 50. Further, to
enhance electrical shielding, the material could be made electrically conductive by blending in
25 carbon powder. The conductive epoxy could be connected to an electrical ground by means
of conductive ink 58 which is coupled to the ground.

Referring to Figure 13 the sensor 10 is shown positioned within a pressure
transducer housing 50 having fluid port 60. The sapphire diaphragm seals against the
primary and secondary seals 52 and 54. A vent or drain 62 may extend from the outside of

30 the pressure transducer housing into the housing between the primary and secondary seal.

The vent 62 may relieve pressure between the seals and/or provide a passage for fluids
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#1090& () oFtHelefhire(ttansbictPad4 inkert during the plastic injection molding process, thereby
eliminating the need for a primary or secondary seal. The housing itself acts as a seal to
the sensor 10. Such mold in place pressure sensor and module is expected to reduce

10 production costs, simplify construction and decrease the overall size of the pressure
transducer module.

Referring to Figure 15, another alternate embodiment of the sensor 10 of the
present invention is shown. The sensor 10 is capable of detecting both the pressure and
temperature of the fluid adjacent the diaphragm 14. The sensor 10 further includes a

15 resistor 70 patterned on the sapphire diaphragm 14. Bond pads 72 are formed on the
sensor in a similar manner and at the same time as bond pads 26. The resistor 70 is
formed between the glass bond 16 and the diaphragm 14. By positioning the resistor
outside the pressure stress zone, pressure induced stresses that may affect the resistance of
resistor 70 are thereby avoided. The resistance of the single crystal silicon resistor 70 has

20 well-defined temperature dependence. It has been found that for high doping
concentrations (p doping above 10" atoms/cc) the function between temperature and
resistance closely approximates a linear function. Thus, as resistance changes the
temperature change is readily determinable.

Figure 16 shows another embodiment of the sensor 10, wherein the resistors of the

25 Wheatstone bridge 22 are utilized to both determine pressure and temperature. The outer
periphery of sensor 10 is represented by a dotted line. Again, the resistance of the single
crystal silicon resistors that comprise the 'Wheatstone bridge have well-defined
temperature dependence. A resistor 76 designated as “Rt” in Figure 16 is electrically
coupled to the Wheatstone bridge 22 but may be isolated from any temperature affects

30 from changes in temperature of the process fluid. For example, without limitation, the,

resistor 76 may be located with the sensing electronics of a pressure transducer and remote
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bridge 22, especially if the silicon resistors are heavily doped. Ifthe silicon resistors are
10 lightly doped or if the user desires to reduce the uncertainty in the measurement of

temperature, the temperature can be derived by a matrix characterization. The following

polynomial may be utilized, wherein temperature T is expressed both as a function of
outputs Vt and Vp:

T =ay +ayV; +anV7 +..+ayVp +a,V,Vy +a,V, V2 +...+ Ay V7 +
15 wherein the coefficients a_ are obtained by aleast squares fitting procedure known
to those skilled in the art. Utilization of the above characterization along with the data
fitting procedure will provide a sensor with a calibrated temperature output that is
calibrated for strain effects. Thus, the simultaneous measurement of pressure and
temperature from a single sensor is achieved with quick response times. Alternatively, if
20 only temperature output is desired, pressure characterization can be avoided by orienting
the legs of the resistor in the axis that is not strain sensitive. For example, maximum strain
sensitivity of R-plane silicon on sapphire is attained by orienting the resistor elements 45
degrees to the projected C-axis, where the R-plane and C-axis are defined by Miller
indices of crystal geometry. Piezoresistance is zero for resistor elements aligned parallel
25 or perpendicular to the projected C-axis. The axis of the resistors can be rotated to
eliminate pressure sensitivity. In this manner, sensor 10 could be made to eliminate
pressure sensitivity and to, thus, only determine temperature proximate the sensor 10.
This invention has been described herein in considerable detail in order to comply with
the patent statutes and to provide those skilled in the art with the information needed to apply
30 the novel principles and to construct and use such specialized components as are required.

However, it is to be understood that the invention can be carried out by specifically different
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5 a sensing element adjacent the inner surface of the diaphragm;
a glass layer that is bonded by glassing to the inner surface of the backing plate and

the inner surface of said non-porous diaphgram proximate an outside periphery thereof,

thereby bonding said backing plate and said non-porous diaphragm, wherein at least one of

pressure and temperature near said non-porous diaphragm is detectable by said sensing

10  element.

2. The sensor as recited in claim 1, wherein the non-porous diaphragm is

comprised of a chemically inert material.

15 3. The sensor as recited in claim 2, wherein said glass has both a high bond

strength and high melt temperature.

4, The sensor as recited in claim 1, said glass layer having a thickness dimension,
wherein when the non-porous diaphragm flexes to a desired maximum flexure, a portion of

20 the inner surface of the diaphragm engages an inner surface of the backing plate.

5. The sensor as recited in claims 1-4, wherein the backing plate and non-porous

diaphragm are constructed of materials having similar thermal expansion rates.

25 6. The sensor as recited in claims 1 and 2, wherein said sensing element detects

an absolute pressure.

7. The sensor as recited in claims 1 and 2, further including an aperture
extending through said backing plate to allow detection of gauge pressure.
30
8. The sensor as recited in claim I, further including an epitaxially deposited
silicon layer on a sapphire diaphragm between the backing plate and the diaphragm, wherein

said sensing element is formed thereon.
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between the non-porous diaphragm and backing plate, wherein said sensing element is

formed thereon.

15 13. The sensor as recited in claim 1, further including a metalization layer
between the non-porous diaphragm and the backing plate to block EMI/RFI from affecting

the sensing element.

14.  The sensor as recited in claim 10, wherein said bond pads comprise a titanium

20  layer and a diffusion barrier.

15.  The sensor as recited in claim 1, further including a chemically resistant
polymer adjacent to at least a portion of an outer edge of said non-porous diaphragm and said
backing plate.

25
16.  The sensor as recited in claim 1, wherein the non-porous diaphragm is

comprised of saphhire.

17.  The sensor as recited in claim 1, wherein said sensing element is of a

30 capacitive type.

18.  The sensor as recited in claim 1, wherein said glass layer is selected from a

glass having a melt temperature above 700°C.



