ce3erfvvwty: FyZz6zT*{y924 August. 2004 -1 SENSOR USABLE | N ULTRA PURE AND
"HI GHLY CORROSI VE ENVI RONMENTS |. Field of the | nver%j"%g !Eitszbaxenti on
rel ates generally to sensors and nore particularly pressure
and/ or tenperature sensor having exceptional stability up to 200C and
effectively operable up to 700C. The pressure sensor of the present
~invention operates without fluid fill andlfhas no exterior exposed netallic
conponents. The pressure sensor includes a non-porous, inperneable surface
that may be positioned in dSENSOBJIMABLEIN WIETRABURE an ul tra_pure 10
environment. I n one enbpg t resent invention, the non-porous
surface is conprised of‘ggllq@g[ﬂ{ﬂ{ @5#&%&%&%"1&@)@“‘3@‘8 hat is
i npervious to chemcal attack. In this manner, chem cals or contam nants
cannot be pxtraﬁgﬁﬂogﬁgqn‘;én%nfromthe sensor into a process stream
Wthgut Iim't_at—iasn) the pressure sensor of the present invention is
~sui tabl e for usEhisinventbeil&@s banel anseucern dule or flow
meter for sensing pressures ing15&%%%esgé&?€%§%@5%rﬁf arfy relalesod naessare: | y
nto the PGP {EHpERRKEsasHt hispercoptong sabilith apsam50°dl dnd FREHOUO YACL L.
‘the Invent‘qug-] b%sz.be sensors ha'\éf been utilized in various app { CRYOITS
to measure el t her galigBr3rHE STrer ok the pssseakinventionopemtesvethouo fluid Fis Snd has
appl i cati aSextBned ¥ r&mﬁm 2 ressure in unfavorable
environnents. The p&eisgﬁrlgaggﬁsor rraf/eg{?'e gp&é”?ﬁéﬁ'&c’f‘*ﬁ?‘??e'@bﬁés @r non-porous,
pi ezor esi dfPganeaplresurfipe thatampy & pRBitRNLAIN AircQ! ALt GARRHL e scagsor Yy
conppi se %n%{ni n 6ﬁgen rally c‘g?rggl iant ceram ¢ sheet having an ThaR {3 Rye
spacer ring’ SAHBHM hIR opst smkediment, pE ithe prasont- veptiong the GRhYPBréusS Bgeice jLhe

first thi rof@rissd 6f SNRSEL o indli mis rroximately .00S to . 050 inches
in thi'cknesfs;@vw th a tgpi %ﬁm@h?%%%g%pp&re%@ imRaneigus toehepdcal nttadkerin this

cerani c steanehabemidals ok o@namiraNGec ABLYVEE Rxtr : i nches. Those
skilled in the art wil| appreciate that the t#?%i%g%s(%geﬁoﬁ% PR RS
pr ef er abl PrHEPEEAM WPhautlweitalionnthe presotretstiesod b Ahb pREMA iTRAISPASH! e
construct @de pf &e?M'l:ElﬁP r.. The apposed faces of ceram c disks are
met&[: i zed by rr%t als s an%ggﬂ é%/SFCFf haﬁ’fsgﬂ‘éﬂr @%?bﬂ%wmt@r@ambﬂgq&&sm iR
capbti t or progess flnidannd apgchd invRied de2eWy heb LS i s descrihed by Bell et
al. 30 in US. Patent 4) 177,496 (thewf496 pat n?‘ﬁl“.[‘*"l'c'i?‘h‘é"rp’é%{ usirigeof the
pressure f#8fsducers sinilar to that described in the 496 patent are .
avai |l abl ejpnd g0l rt. A piezoresistive sensor 24 August. 2004
-2 typically utili S‘S’R%E’@ﬁ““‘g‘?‘s’?’&?é* bri dge, measuring changes in voltage and

pi cal [y ul ! , . Either of
correl ating th®resstreagfsord BEESech it Iﬂgg@%%ﬁggﬁl’ogg fiﬁm‘%%é%gﬂyﬁeéegépge

t hese pressure sensor types may be utl
flui ds i nPIIFEIE.9p A%l Pressurentiany ofihese, appliitins Sndol9€ Sk F¥as@ement of

norpgcont agy i e sensor. U_tra pure processing of sensitive
mat eri al 55%83%% %QP F%arg‘g%ﬁl{creé? "PRECYSe T Rressuts sensarunaisbe dhe capasitippettifd bi ty

t 0 cont anpieadtesigti v typbeF sr@rambleY £n ' during.the manufacturing
process is a sjgnificant probPer’n faceg %%%u?ﬁ%%%éﬂg.m’%ﬁmﬂseaﬂnm

manuf act uBFERlycamepliank seramie elreet bsvigp ad ihnldtREUGR ' L.Qn. of the
sensiti vemg@éprh&{_s Qﬁg%ﬁr ei gn, part ilclges)l i orfi c Coﬁrg%g;%%{igﬁhggéef\%e&}&
generated during t A& f%f"dg‘ﬂf‘i fReehr odbe Sirstyain peevareizs slingt @i diBF}u-&%m is
iti 6 t t I t tact with ti flui .
Fonce, | oo Rkl (USS PoSTHHERASE (HELESE v Biical bicknemotpd i imshésgiie « o

Hence, it is critica
i n2an unclirkanteramixshsetdias a Avickass RRAYE bEL] ol €y Var | .
conponent s, of...t he processi ng e_%prre%t ar ggiég%m?gﬁrif"g‘g‘ls‘}% -nEh"%egi‘ﬁ@aa%@q he
amount of 23l jappresiate ghat dhe thiekngssi of thesdidphraghvsprefetbly lﬂﬁp&ﬁgﬁﬁﬁﬁgrf Jpi ds,
and to i Sﬁhﬁﬁﬁrto?‘?he%%ﬁﬁ?g nggﬁhem' cal s fé‘(‘s)m contam nating ‘I nfluences: 15
The processing equi pne i caf FHAqeR dnaydee consimicediofamsyitable polysyest ane :
that car rappbhel fasesséf Grahrdigal t anks, t hr ouygh punpi ng and
regul ati ng ;it aitgi@gn? and t%ﬁ%ggha?%hﬁaé?%}%gg&s%ﬁ@ﬁeﬂﬁbﬁﬁﬁﬁ ‘gin!“éfél oI chrpmel toqui d
cheni cal eaigBltnsof 8 yapaeite). Avbsitifar caskelile Hra i n i toring
e e pr e ran BT AL O ecf

deypces, .s [ devjces) valves, fittingS and evic

fr g% uent | lﬁ'/(if]r‘rsdgaq%?t 4p1 @sﬁ(fc@h‘? d¥bpatent). tQthehapdeitiee prsaire &ﬁnﬁfuf;&@fsﬁﬂﬂ’,{, ihhe
caustic gham : | s ich.are conventionally used in suc

noni t or i ngﬁ?g\%ﬁ%g ,‘g@}fmg? PF‘%PV%BW@%"E%W o inHhe adr Aqueaneesistiviersensent
for long periods of tine. Hence, the nonitoring and sensing devices nust

i ncorporate substitute materials or remain isolated fromthe caustic
fluids. Wiile the processes nust be very clean they often involve chemcals
that are very aggressive. These could include for exanple harsh acids,
bases) and solvents. The 25 sem conductor industry has recently introduced
processes, which nmake use of aggressive abrasives. Both the process

T - o o o .




Further, high reliability of process equipnent instrumentation is a mnust.
Shutting down a sem conductor or pharnaceuti cal Iirula4quI 3pY2664S0N IS
~costly. In the past, 30 pressure transducers have yed fill
fluids to transmt pressure fromthe process to the sensor itself. The fill
fluids are separated fromthe process by_-an isol ator 24 Auauat, 2004 -3
di aphragm of one sort or another. Failure of this isolator diaphragm and
subsequenttypiealy afiliéd & Whadttorne c |.0ss, of product
and requi rgbsys)t(em cl eani ng bel} o?gdééelg?ﬁstgﬁﬁ%%g%gasaﬁ?gﬁfs?a.ge@'} Nt P‘h@gﬁh’e
isol ator dioApRe skpngants dhangesfih sénbed porsstree Bithei @ffhise pRAVEE LSRR Whes ) 120
t he proceslﬁi g ?qui%%]{hecommnl ¥gused i n sem conduct or manuf act’uri ng has

one or moralifSRIT e BTSSFHE o1 QHifts dn Hlirarpyreienviroamentshbowe deytherds aneed

typi cal |y fepRRa8&i8Hataliindin 'p‘Pﬁﬁgré 2490, eedback rel ationship and are used in
rmniit:ori ng and control | ng t he equi pment. These nonitoring and sensing
devites nust al Bltrdyeirélpmicessing dfteiditive MatefiaRNpic liRat Shushil gty be
i ntroduced,_ The sensing devices may include %mpr‘e}ggﬂlfe&meg%géﬁcer n@‘é‘ﬂf‘es
and flow NEP%FBSQ?BUPWQY it eegamenationsal e sensitimy ninteridbs thirddy the MmafRaRniing

‘portion of nsor  of e pressure transducer or flow neter 'in

direct co trg{;:bt%s \%{ ate%&#EganzEW???"&PE\CF%FHEPM?%E@F‘?-h@W maBelacyfing kpstemebsser e

'sensor i n ke dedighelntb astuc¥teR ohiagif At d L DB, e : .

non- cont ani nati_ng. It has been foundﬁdafﬁh%%sr{%ﬁze%@??Q@?ﬁ%’ﬂ#&’°m°

i ngress arf@nEgreanss.endyapess generated deriththeuginusactltingedds! Bhe fi6esding of the
't Ke

exaqwpl e, 1. C terials are boynd together wth various glass
mat 1éﬁr)i al s%\%ﬁé ° F@?‘Fﬂﬁ %ﬁg‘ invalves direct copfact with deysticHiuids r Henepyiteis srivieal to

corrosi ve detiverthabkfusti b 1ol : l.e that tho rtions of the
pressure sensor in dflyggiﬁé%‘#%g?ce%lﬁégﬁgﬁs iugc?q'ﬂpﬂ’g?egé%ﬁlo‘ﬁ'@%@fﬁmous

mat er i al s.Pagic@latatVamious coMpoels bb seeptotessida &ﬁiﬂnﬁbx@tareaéomﬂlgﬁg eﬁ?@eﬁ to

strain gaug‘? heh\éi g(g a 2(% si.nﬁl e crystal sapphire di aphragm a 0 ah

al um num JX1 & "Baduourydt pagtichlagg geqieratediand wns dissglued intoethe ppgiess fuids, adher ed
by nmeans qéolate Thé@pcbRd BIms ] .or. ot her adherent methods.
Ghiselin et al. dges ngl'tél pr%!\q/?dtclfsgﬁg cl?rn?a%gfrﬁx%%% ME5%8n of the gl ass bonding

matErial or howhegogassisg elpdpthenttiypicaly irlides i§&a b ﬂg%q g }F,E i de
base. However Cﬁgi se!i%g descri bes ?he'yl ass .bolﬁld ggﬂggl 0 gtﬁ%@ng %?I al
that separArgle omaisEPRib fanks thrapgly pimping esd regblatingstatiangad throggnret 1 y
to reduce gif& ' | avoi d the deficiencjes of the |ow
strength (g‘r t rsg}%lég@g %ﬁ?@@%ﬂﬁ@%&ﬁ%@g“ﬁmﬁmtmﬁ%h ingludgs pipes,
descri bes pums| eibgyintonitodng\deviceg| SmSingQleRfRsl vaRe@TitdhsUnd4da 04 JK;Ge M ¢
part. Hegner et al. describes the use of alumna as the joining nate 1%F to
al um na cdfEHFRlY m3de ok plastics rrsistant e the Jeteionating effects of frdcatistis ehémidls, al .

ar egoel i ewgg ! ff.ecti,ve operabl e tenperatures bel ow
100 Thus: 2 R PR AR cop P eial ) pEed i Sheh So RSk drtipes ghmog rabierstand updnd
Ghi sel i n éhe abrrosies ervismmens fSCITRL RE TGS DEFHHES SR 2 4;400C.
The caustic fluids of the process?r% equi prr?équ]lf ggg}c%?}tlen é{?%‘é“éé%gé&&!‘smg
Hence, th&eBicesmustisgerpprgte mibplimtesmnterislsrsaembiniscigted foanthe caesti: AL ace

that is bonded ®: sewth a high strength bond, wherein the bond
bet ween t he non\zvggé g‘%ﬁﬁ%ﬁ%ﬁi"&‘fgt gﬁdcgh‘ée ¥ pen fnyplvs chemicalpibpbararvery i n

excess of agfPReivé.t Thae cahlandes ok 'Hﬂa%s tpgaagnetic and. Rkadio
Freguency Interference (EM and ISF?H{?}gg%ec |h54ecf§s)£§85g%3§§°ltcvﬁgtsp or mance
of i ezor ésli\ylohd@ctgﬂmémtst had recentlyGhitrodticed pdcdists] aNemakEINOSF Doressive
posi ti onedbdlrectéx between a silicon | ayer (on which the Weatstone Bri dge
i s formedfPS0%h Q‘dﬁﬁﬁ@éﬁsmmt@nﬂﬁ pitering instnonesatiorciusibeof
silicon onmsarBhish tive shiel di layer on the outside of the
sapphire isﬁnomf(sgg}e %@‘?@l‘ég‘\,ﬁﬁnpﬁyegaﬁﬁﬂage f the sapphire is positioned
in contact wit [Further, biphseiisbifitytifdtocdsen ﬁﬁtﬂ“ﬁ%\ﬂ S5 YV —
non- cont ani nati ng pressure seig?ofgﬁt hat @Iﬁggﬁlsﬁt e tétciior{ldlsﬂlffmﬁt‘r Siptting

af f ect i ngdpwa aswemticonguetor aepharhocautidablinefor any fspssie dostlyl fiAGRe hst! he
preggsure sensor. Th cgr sent invention neets these and ot her needs that

wi I’ becoRE Sﬁ'ﬂﬁéﬁ"a@ﬁiu BsdAvacempealy gnployed GiShvdstoitansroit préssugerfesm the

I nvent i on proeass YOS s GFitsEiTE Tlh'éWMﬁi%l are separated from the process by an isolator




The ‘present invention provides for a pressure sensor that includes a

non- por ous outer surface. The non-porous surface isi igaraci eé@ ﬁd by a !ow
diffusivity and | ow surface adsorption. In the pref nt, the
pressure sensor includes a backing plate, a non 20 porous diaphragm a

sensing el ement adjacent an inner surfagg of the diaphragn) and a gl ass
| ayer of a high strength material that i's bonded by glassing to the backing

plate anddi%ﬁlﬁ*a@_ﬂi_%@%ﬁg Wt B Q}?&p&? hr%ailégeg?(fﬁﬁf:siﬁis rlgttog ld%gg{ A O\éJiécf ? étlé\geln(tj ilc;[sg to

the structure. erigidity o agap

transmi t teffilf floidihfocathb prsiesgedn @iuse R8N proQuithad SRSk i the
sensor di aphragm Alt hough_ t he backin p}I)ate i's ng?ﬁié;@ iférngg%&té%lﬁ?’gg{rgv»ith
the proce¥saimgaparations-t Eliminasing the isolatorstiapteegraninddill flukt fabrhehaaesigpgnabl e
to high tﬁ{{@g{al fure processes. The thermal expansion rate of the backing

pl ate shoul'd a prSXi mate cl osely that of the sensing diaphragm Wile it is

possi bl e t o CONREI@RadeBling BRRlnELd by, ik 1 AniThSaRUCH Wi L produce

stresses during manufacture “may calse P# eces

to yi el d asene or mere Honitering, valwidg, andtsbasing Hevibds, THRRE Vit Eark li’%;'c&lpre
non- porous di agfgr agmg&%y i ncl ude 30 a Wheatstone bridge or a co ducti ve
| ayer for FRABCHPRINGLEOSRY logp fecgback ysiationshipiand aveeused in apmifotingently pe sensor

- respectivy, . . 4 -5.W.thout limtation, in the preferred
enbodi mnﬁn&gllgqgﬁlﬁ%ék‘ﬁxp ltg)%}}e“r ﬁ%cg:%? SIoRLgrge any 5?’1‘7”&&%’%%‘@‘ GESOtbl%leﬁ!Gnﬂbor ous
di aphr agnp eliftififté BnpcoithinkionIRat shight RSinfrodieat ' LS mh @t Ied

t hereon. The backi n)g pl ate i ncl udesggperltnﬁrpes exﬁ%&?ﬂ%hkggﬁgﬁrrn&ﬁu‘{ehe

apt?t ur esPIBEIFirangdpnes anddwlesrand dlow mgtest harting prdssire 3etssos) U ey Belddsiifble

sensin h e in 5 pressu near the non-porous di aphragmis

ot bt oot QTBEED paof IS pllate RS B BrGhu tanm i pe 6w raptepinctet &

agai nst  tduatadt aphtegeasas fatdsdaftug dhe SiRks bPted M%Mh%?rek{‘cc}ﬁgag{‘
a is

changes the resistances of the strain gage. The ‘changes in Tesis

correl at eiththerpapsiic fhwids shoudd beljnan-eontamimtinga fhizgreen bididlht pdrdiré at i on,
th - i i f b l.sed of 10 ch [Ty i t
e ron e ARG it ebl o et 18 ehert e
batki ng phaipld, Serdindd fafddla¥s AF8 B8uM t2b@Br RARY Bﬁ?g%&gligféﬁtg%’f&%éﬁ gl ass

or ot her lgl ass of suitable known construction havi ength

and nelt thempalyestane eastlyevtackrddy thnangre epgresdive/catane rhoReals. Figicanpint t hat
the di aphra&rngﬁl&xe'% is cantrolled by the thickness and di aneter of the

gl ass | ay&Br -ropieinat Qose parliaps phthe prgsaurg semsor indisect tantaghyyith gatrticyfbsds be)02
and . 030 xhﬂﬁlﬁ%oﬂﬁdﬂouﬁﬁgte}i&ﬁhes being preferred and an outside di aneter
ranging from.100 to 2.0 inches with 0.700 inches being preferred. The

active sensi ngU& Batenf 4,774,843 ishedprGlinslin @md ickemins a02Qirk ?at?geqlabﬁ@}es with
0.%6)0 i nche beith prg{l_erre . Those skilled in the art will apprecrate that
t he r angeS e FRFRLFApRAIrS dipp adheresk toanaleningm oxjde basay| Ghisdin &l

const r uedpaeates Mat { ; Lckness, and di.aneter. 20 in certain
‘appli.cati gnsamghﬁgﬁga u‘r’@ﬁlgrlgE%ﬁ%@gngf%ﬁ@éﬁ%‘%g}f‘? 1, 9pRxy R gther
manner , vidberehtaethods. pGhiseKn e #pdve3qi6t plovisa fupthbh8estR}EHOY BT {HeQpayse: 2
portion %t he inner. surface of the diaphragm engages an | nner Surface of

the backijdinednateniatios hewthe igfass bpwd adheresito the sapphive and hhmentmaixidd e,

backi ng : - S. .dl aphr are constrycted of material s having
simlar %@&ﬁ’é ’@Qgegﬁlsé)cgég%eﬁt S BV g‘%ﬁ%ﬁﬁﬁ%ﬁ@g aleripbthat seppeatesata 25

i 2 . i i i] th
Wi 2fe 1 angtrahi pdigtsP Shivelin @escribes @R&delIR %3&%%9%‘\%% deﬂ&?ﬁfeesﬂmfngé@h{ %5 det ect

pressure sensor may be constructed such™tha sensing e
an absol ubereby avidithe deficipagies pf tedowatreiigih afities glase RSNBAEntRY54,06¢ her

i nclude a_sil %Q(,:\gn nitrildg | ayer a g a netalization or conductive |ayer
posi ti ondtrupiQEesner fhalsdescn Pfsg Msayth vyiag Badass te bphditocan alemidingur e 30
11) . In td¥id BRI Hakh L LL Kl | ayer. acts as. .an, el.ectrical

i nsul at ordadzla%d the r?ea%té |‘%§H l%%ﬂld%%rl;ﬂeg?}?c %ﬁ?‘f’ﬁﬁ?#%%?‘f‘%&ﬁ“ﬁ&l {he
sensi ng aleninaicethic. TiBe Q¢ HedsWeteribed 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 termnperatures exceed



24 Aueust. 2004 -6 sensor may further include a coating, gasket or seal
adj acent to at least a portion of an outer edge of | ayer I‘ t he
non- porous di aphragm silicon nitride |ayer, netal iMand t he
backing plate. Wthout limtation, acid resistant epoxy or corrosion

‘resi stant polyners such as PTFE (pol yt et_ﬁgfl ur oet hyl ene), PVDF
(Pol yvi nyli denefl uori de), PEEK (pol yetheretherketone), urethane, or

aryl ene orbe N . in_an aci d r.esistant oxy is preferred. The
Br egsur e gg%s(%r Tllh%cc Hﬁ%ggl%}gggf g‘gcfsro?etﬁ?'ﬂ%&q‘ﬂﬂ"‘t‘:ﬂbmai' Sggﬁl Sé?ﬁeééﬁﬂl%@n Henee,
gl ass | ay@eraish ided OO pRO&GE Sertor REVIAE TnodiHoktsul 208 fat is%%g d:}: ‘?&é ﬁ}r‘}ﬁ; erred
|

enbodi nent of the bond ggds conprise atitaniumlayer and-a
barrier. YH® afkighdtrength bond.iwhereibOhé bbnd betiverss tenpbtforbliemaRAd] R P2

known sui ner to formthe Wheatstone bridge. A windowis formed in
the gl assﬁﬁa‘gé"g?%ﬂ‘%@wﬁ&%%w%@ eby providing access to bond pads.

El edtrical | eagshR2au: ] . for .ip the glass_|ayer and
" backing plate and ﬂle elegeltcnts‘?ygdgllat F%g%&g&i&ﬁraggﬁgf%p 'ieﬂBerl?g'r{Hteﬁ@ﬂ%ﬂceThe

el ect ri ca(EMéand RE eespectivetly)tdegtdie thepetfaamnc@bE ke SLpRSechays’ A S 9l assed
to the di agh@%génﬁg?d backing plate. 15 In an alternate enbodi nent the

dihaphr agnt IGlding lapgntianpat bﬂi@nsitimd@éredl)gh&twem aa‘ﬂha?} tl@ﬁe ﬁn{ %m\rm
“than a pi gzOiRSiiSh] . e t.hin sensi i aphragm whic exes en
pressure is apg %gggﬂg@]g&éﬁ%a@i afnlcl\?iée ﬁpgﬂgc Bg‘?aﬁéﬁgg‘heﬁﬁ\éa’ilﬁlrfe}ﬂsmﬁm of
the sensi mbicoa eplagnpiveanrloqunictios siEARAG hidomhebisld drfdBdoRNe LIS, ner

surface of the backing plate. One el ectrical I'S connec
capfci t i vBrgSrdovhen the @uiside ofthe sapphireds pesifiared inkoitaer with Sio\@usiapli@gm

d th i I | cal | led to the i f f th
ot PP TGS A sk o o st
pessur, Sl anGte s i 948 0RO S B B tRh A Dok o

capacitance is detected by an electrica
known sui 86k Télmmemmvsmioxrmeadhmtaagmwheédmharvﬁmoine\éﬁg&ﬂeﬁpﬁw !
0

becone readj )y apparegnt .to t e skilled 2S in the art froma feview t he
fol | ow ngggée‘{'%ﬁrpggmdﬁwmﬁni%ﬁﬁﬁpr% Inyeatigns ed enbodi ment especi al |y when
considered in conjunction with the clains and acconpanying drawi ngs in
which i ke nunerals in the several views refer to corresponding parts.
DESCRI-PTI ON OF THE DRAW NGSSHMIMARY OF EHEINMENTIGR Vi ew of the pressure
sensor of the esent i.nventi on; SO Figure 2 is a gartial sectional side

el evational vi W BFESEM LYFREAR REtidesifor hrrepiuse saaser thatisdndesia ridmepgroesenter
e onewt, it s MR 6, St e
i nvent i onadsorption. In the preferred embodiment, the pressure sensor includes a backing plate, a non-
20 porous diaphragm, a sensing element adjacent an inner surface of the diaphragm, and a glass
layer of a high strength material that is bonded by glassing to the backing plate and the non-

porous diaphragm. The backing plate provides rigidity to the structure. The rigidity of the

backing plate resists stresses transmitted from the housing (not shown) to the sensing elements

on the sensor diaphragm. Although the backing plate is not in direct contact with the procesé

25 medium it is required to be mechanically stable and amenable to hj gh temperature processes.
The thermal expansion rate of the backing plate should approximate closely that of the sensing
diaphragm. While it is possible to compensate for thermal effecté, a large mismatch will

produce stresses during manufacture that may cause the bond between the two pieces to yield

~over time. Those skilled in the art will appreciate that the non-porous diaphragm may include

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

capacitive type sensor respectively.



Figure 4 is a partial sectional side elevational view of an enbodi nent of
the pressure sensor of the present invention; Fi gurf S I al
sectional side elevational view of an enbodi nent ofm&ﬁ% sensor of
the present invention; Figure 6 is a top plan view of the di aphragm havi ng
a Wheatstone bridge forned thereon of the present invention; Figure 7 is a
partial sectional top plan view of an ernbodi nent of the di aphragm of the 10
present inventjon; Figure 8 is a partial sectional top plan view of an
embodi nent of Pithoybligilgter, inthenrefeped sehodinrent atsiloron liyay iy ferrBed 6n an P | al
sectional _si vational view of an embodj nent of "the bgond pads of the
present i %‘\f}'gag??glnh? @%@ %Sﬁﬁﬁgp%g% wherel  stpingage suahas a Wheatstone bridga as

vi ew of afor@ed G@régnn I TH bac iRl ' ipn,. Figure 11
is a partial sectional si dgﬁeglqgélgtli onalsg i%ﬁ%ﬁ%ﬁﬁﬁ%ﬂg@%ﬁ&%@&gm% es
pressure bengedapid faraeprivingntledtrivalitdds moupled s ahd Beristnglelomeht. ah &%ﬁ%éh ppal
side elevational view of an enbodi nent of the pressure 20 sensor of e

predent i USRS B¢ theinpnrRoreus digphragys is desgetable by the sansirigdersdntvAn ineraise andw
f nbadi . f th t . tion she

I S T T

~ sect i onal chunges the eysiithniealof he ok gade. eMaHEéEin%si&tﬁﬁcegirs%ﬁﬁ'gﬁ?eds\%ﬂg_?ﬁezgf

~ the present invention shown nolded into a preSsure transducer housin

Fi gur e 15Piessufe gliagangthesdisphregml top pl an view of an enbodi nent of the

di aphragm of t resent .invention; Figqure 16 [s a_ partial top plan view of
an enmbodi nent gﬁﬂ{%ﬁgﬁm"ﬁﬂﬂ?ﬁ %“8?'99%15%? IS Rrefsratdy compgsadofay i s a

paroi al  SelsmiedB ins St A\BER OSppNirE WERE ' i gSayr € 30
sensor of the p?lese_nt invention;élgﬁd Fi gur%ﬁ'%ﬁ' S alt‘ggﬁtlhglsa%p rteiagﬁ ®side
el évat i onbackingeplatofis prefemblydnadensf high birel srengthibicRosilidste Alss BSbtherSad ofd_
sensor of _t.he present invention, having. a seal or gasket adjacent an edge of
t he sens O?QIQBE%P%OBMWWg a lugg bonj strength ar?d melt temp!arature above J

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 ﬁitride layer and a metalization or
conductive layer positioned between the silicon layer and the backing plate (see Figure
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



10 The present invention represents broadly applicable inprovenents to
pressure sensors. The enbodi nents detail ed herein 5 i_nt end ao be taken
as representative or exenplary of those in which tfé—%ﬂém s of the
invention may be incorporated and are not intended to be limting. The
pressure sensor of the present invention may be constructed as a

pi ezoresi stive or capacitance sensor ha\‘ﬁ’ng a sensing di aphragm The

sensing dia hragnbjrégmade of a Eii ece of si ngll e crystal sapphire.

Al t er nat i YE@FSF, Meh hinciyled sogtipagaskeloriseal adinsent o mb tbasta portipngF en cr yst al
di anond. e present i,nvention.genérally conprises a
backi ng p lgﬁeé%g%?g%eﬁ@?(%% nglgprﬁornééorﬁoﬂﬁglagﬁag% s'dﬁg’é §‘tﬂﬂﬁ¥ayﬁét%%‘|'f’ﬁflﬁé
backi ng plagéeanti4he baclih@platea oWithSut [pRRa®d L atiaieal ' !
and 2). During the manu gcture of the gensi nlg lrdi Jﬁﬁﬁgﬁﬁf‘("z&ﬁ%{%g{ er
of the sipejymersspshas PEEBholytetiaflucrsetityleme); PUDFr®olyvimikleralidide ) PEEK
f_abrsi cat e@}og‘} tt he s%rr% tine HSi ng the famliar planar processes of the
sencondutPheheshereiogs), uieshanceerparklene sanyi be utiized, whegpin anasidpsistast t hat
sapphi re ggx9his pledbtdd cal insulator. \Wen the sapphire is cut along the
R-plane it iS5 possible to grow a single crystal epitaxial filmof silicon

~of appropri at eThéiprisnas sersor inaudef bbiie psdsTdihéEon TS ERBhARRMEAN, by
~diffusion, ion inplantation, or_other neans be doped with atom c species

such as bBYREHA¥ET 35AdRsA-perous dispheagime Withont Smitatiom dbe prefigredramisudimest. By
ing the ] . d d tratjon the .a ]
! o5 st ancaribk BB doihe e 2l 130G DO roSRR Bafier rThe Hopeitieanihino
haviong el filth inte@bnricRss the 8BAE padiih la 1GRIRORIDE rﬁﬁﬁieﬁiggﬁgﬁ thé‘xi{)ﬁ‘eg&%%e to
es e

strain. Thiis property is known as piezoresistance. cri earlier,

def | ect i obridge. thaviadavsisfgrmpd pstiha ginss layer hid backingplatestierdby moddiizadbes 2
change i n, riesi.st anc The., pressure-sensing si.gpal |s derived fromthis
change [ ntorbgozlfl}tagsﬁcgl.ec%a‘ @ﬁ%‘?#?%‘?’ﬁ?ﬂ%‘t‘ﬁ%ﬁ"&go sapd ipthg glassdaysr and i con,
an anneal bagirp! fitelahd desele@bbAl 164ds!apdbRGe FRPMEDoh SRTOME LS jhat -
B € annea |na8 &C%p

build up in the filmduring the inplantation proce
al so hel pbragedstortht bord pads and thenglass loyer isnglassedniofthe dlaphiaioandl tidking Peate.

si ljiccon | ayer.The silicon terns 20 form a \Wieatstone bridge 22 (see .
Fidares 6 and A alferaate SpbPiiment H‘ﬁ‘ﬁ@‘a?smmlsew@emwsmlﬁ%mer al

di T er ent cipate la@apAciGARe éﬁad?ﬂ%%ﬁeié}ésigﬁr‘ﬁa% ol i’ﬂlteﬁ%ié%ggﬂﬁéd%ag Gomi |1 CON

resistors 20 may be patterned by stand otoli ues. An
i nsul at i nghichyftexepwhei pressie is dpplicd, 124 a(capaciffvgplaesfofmed 6n thelfindUhiHsd -

2004 -9 IQ% IS a Iéie to the entire surface of the sapphire wafer b
chemical V %8?“&8%0 PRITBFM aBA INQAEE $APFUIYRiPLats isfosmed an thedanersurfaes; t he

silicon npdcki i Is i I . de pad .26 reqion.
When t he r?gdséfpl%%ygng hed a%@ag 1%%:%1%%{%%&?% éé‘g%‘%‘{e}gc E%P"a{?g%d gﬁﬁea'gf%fcent
to28ach ofurfage of thersensing diaphiagtsamirattied 1gadds eR6trically Beuplbes) thb @iy br i dge
(see Figure 8%. g@’t silicon nitride |ayer 24 is a tough insulating |ayer
and furt haFfase 8f %édflﬂs pg”é?-i Asthe spacingbetwespdhe dippheagm andibaglatadey 26 ar e
- needed t oufRABREGHre!, i he \Wieat st one bhridge 22.

Met al s com‘m%l y ugé%@%a?%gongh%gglglpg%gléﬂﬂ%gfgngcm J@F%tllond’é'\ﬁa%%{agﬁ‘gﬁ as gold
and al uni detected by amslettrizblly chreremd censiey etdincht & bidviidiAbleSnsnidiegn at 10

glassing tenperatures. In the preferred enbodinent a two netal [ayer bond
pad i s const r uépeelvasiagesoishe present invinting wall beaoresrsadibyt Appdrenathi thoderskijledncy
(RRX sput i layer. of &Litanjum 30 i osjted gn the _entire wafer.

Ti tE gni um iltnghgg%ef?oym %cr ‘l’l\?g’ %Ff!rb%?"qk’r‘ﬂa“%gstai‘ﬁ&@%%mma@ thenprefsinsgembodiment
Titani ume N kvheh @EMIA&Sd fh &l LA e &% i L and the .braze
material 34. Thg braze all oy 34 rjﬁ%ﬁi‘gﬂt he E%ncgélsg%augga%ﬁg?nﬁéngl&a“w n

W t hout awblichfliksinomepals iri the s@@rdlivievos fefer 134okdgondidg@artsi t h both the

titaniumlayer 30 and the thin silicon Ia1\(er 20. Upon cooling) this alloy
woul d be drawn toget her byPESERIREION 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 invéntion;



tension forces and locally destroy the silicon film The diffusion barrier
32 needs to be a refractory netal that will not for 1o ahe brazi ng
tenperatures (approxi mately 1000C). Wthout |im tath&%Tf’ t ungst en,
iridium nolybdenum tantalum 20 platinun) and palladiumare suitable for
this purpose. The barrier material 32 rru;t be capabl e of being made into a
filmhaving a mni mal amount of pinhol es’extending through the film Any
oxi des rmnust di ?-SjouCi at.e at b[az'hn[g te fp:}f%t.ures., Ni obiumis found to work
wel | as a diffOUs5BR0%P PR sepfian] sisfsiclryatianakrieyy of angrebpdimentns thaypresuré r e
sapphi re Wedsef ofithe PredelPinbnifdde titaniumlayer 30. The niobiumlayer is
t hen patterned using known 25 Tithographic techniques. In the preferred
enbodi ment) t h&igree dlis & partinhectiond sjdedtevaGond vit&ta@ﬁir;&ﬁb&me&%f&ﬁé@% upd th
met hods known tpo those skilled in the art including, without I1mt tlo%
evapor at i B?Psﬁhﬂp@ﬁdi‘f‘?séf‘ﬁlﬁg'?"“ﬂﬁ'é bond pad 26 is patterned in such a way that

* the tal over | Lapre.8) ;a. portion qf .the_ silicon |layer 20 but is
pri il y in o igite gi%ﬁ!’g‘c‘:@y%“%}%‘ﬁ‘fgﬁ v té‘i’ﬂ?ﬁi"f"év of ansmbogiment of thepressason

for this igam_sbhmtghe?t—@glemzﬁwg,g{bnl;ayers may have small pinholes. It has been
found that if the braze 34 is able to penetrate the diffusion 24 Aueust.
2004 -10 barri &ig8e 6 is auoplplan Moy of the didphragrh itaeingi Whea@Rme®#Ige hahdd! ©
of the film Du?r,ctgg '[gelﬁassi ng.and brazing, the silica glass 16 can serve to
i nhibit t HETI P %“%Pé&é‘ogﬂf fromthe pin to the region where the bond

pad 26 net al O‘F?é\lf s Sl o i€ The, br.aze 34 nyst. not overly
the silicon patt er%9350‘?%ﬁ'@%ﬁ%@%&ﬁ@e‘s?’5%‘%?‘38%5‘%“? %f‘bg?’taBWEH',Oft‘We
sapkthi r e peesent inwendioned usi ng known net hods of dicing to separate the
plurality of S?Eé)hi re diaphragns fromthe sapphire wafer. Wthout
limitation) seVi&UF 3itt Rydalsertonaltonplayiewofan émbodintent of the band padssifatie

pl anes, ublkafGRtdntdRChi Ning, or laser cutting) may be utilized. The use of
known net hods allows for cutting round diaphragns 14 that are desirable for

pressure sensoFigfe d & partislisectionhhddetleGdtionaPlie WoReS ri'lﬁocgfn@ i rAc TN i}a&she
bond padsﬂﬁi‘gand t he backing plate 12 is glassed to ‘t:he m?nﬁfagm fﬁ. a

t hi ck bac PEgsepInyontipniaf er i s constructed of ceramic having hol es or

~Vials 36 (see Fi - vial: are.forned i.n the backin late 12 to
al ?gsn Wi E h the%§1§£%§£g§lag%%hﬁr§\ﬁ' celgvational vigy "ré}laéé’f‘} gerﬁ@ggga Bandf r om

t he | S sepabsrofdhapiesaginvehtivn; t he el ectronics utilizing the pressure
information. A vent hole 38 is provided through the backing plate 12 when a
gauge pressur e | his 4 pariipd seqtisnal siderlevatiopal view afiarcan batisistofoe

oxi de pom@nﬁ{sﬁrémgﬁfésg?tsﬂd?éngo%d toget her at high tenperature typically

using a s anou ass to act as a binding agent. A common ceramc
i's alum na whi Fipukes2 FParedl StdtRhalMi QREE 4B Sallvievs b %Hi hire. As
| ong 20 as the glass content of the alumna cer ambcmlésin ep@E@eq@ggoﬁ;&qsgw
perdent t Ffdseredithe present invention;
Figure 13 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention shown positioned in a pressure transducer housing;
Figure 14 is a partial sectional side elevational view of an embodiment of the pressure

sensor of the present invention shown molded into a pressure transducer housing;

25 Figure 15 is a partial sectional top plan view of an embodiment of the diaphragm 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



expansi on properties of the two materials will be negligibly different. A

glass 16 that will bind well to both sapphire and I na C ] C needs to

~have simlar thermal expansion properties. Borosil Mhave been

found to be well suited for this purpose. These gl asses have far higher

melt tenperatures than those gl asses 25 g used for frit bonding materials
T

together. It has been found that sensors$®fabricated frombul k silicon

experience exce @!:qve di ffusi on of dopant atons into adjacent regions. Thus,
t hese bul REEOF PEGR REessabinyenijon haypigcnsenl or gasketi adjasgnt an qstgeof dhs segpsor.

tenperatures of no nore than "brief excursions. As

indicated by Ghiselin et al. ﬁlﬁeﬁ“@ﬂ‘%bﬁéw%ém 843, reli abl e bondi ng

of sapphire di aMepagehiifventiof représenRdFdadRCappligdtie i trbééTélﬁﬁBéﬁes%g@éﬂéo%‘?‘“t
e g usedrn

problem The proposed high bond strength borosilic asse

gl assi ng aFke eibadimentsidetaited bevein arempandat to ke taken a4 repregéftat el ctasxes) ofr
glass flit, The .24 Aueust. 2004.-11 solder glass has a nelt tenperature
around 45020sgiywhichihe RIeYeReEofdheinveRfiQl may be peapatrted andasgphintended to

al um na cebafinfiny "HeaSskiie ) a Z] -a siliea glass 16 may be
pre-forned olrﬁngt::n%eer?gig E%tkécl)g% h%@&sog r fag:ﬂé]: g#%ﬂé"%%%‘ﬁ"ﬂ&’?l §?e‘%i'§t.m‘ftﬁgeqst %er

case it i pidzopsistinavr édpatitdnae serisbi kevisy £5hsipRfiapttherh! The bdisidy dlﬂqnmfagﬁﬁsi t
starts. |If the inner dianmeter of the glass pattern changes signiflcantly
the press@padea piseepl singlescryftal sapphisn s dlterratively, tieasegsing rdiapthiragrh Inyay be

ot a1 ped S SLRTE BRI ARSER, e ieta’ | BT e prcRlmenien esjeralte
- pi NE0 18 wichinprigés DbakingtflateNe, Lasieg edhr28n 17N81éd §hadboal btchsee?.' e Sgcgﬁgé" d

be at constant tenperatures to avord l'eaving stresses in the glass
t hat coul Plateddiand diaphrogmbl §.i ang dectricalgleadss 18 (st BigaresFlinhd ). t Deriaj|thea

gl ass 16 ve eni ngs ar w nd or the elLectrical pins 18.

Addi t i ona@%’?‘f%g"% 8h °3F?$%8‘Pﬂé‘a$‘ﬁﬁ£%k§%e B?fecf ﬁt'?@ismgffacrw%pa@msmcd
bet ween t l3e tight aRhy s&i¥orstan BE fthiRateAGKHE b thd Bna ALY LRy 14
wi || bottom out o'?\ t he backi ng p?ate 12%%?%%%r%ressﬁ@l{%ég}%gasﬁggpq. '
Thus, t hi sheoseariperalustor éechnology.ncr eases the overpressure capacity of the

sensor 10 by a.ftactqr.,.of. 100 or .jore. 15 The braze alloy 34 used to bond
t helssgl ectri cal Tﬁ‘é’&%a?ge‘i W@ﬁ@“%ﬁgeﬁ?ﬁﬂ'zféh%ﬁgﬂ’_% ig ap elegtricahinsplatary hen

slightly lkd Sphitdls @it aloRB Rl R ipthet @?Ss&ﬁle t& \D?irsingifp &gg%ggéﬁta%?% W}-Pefb ©

aggressive_enough at its nelt tenperature to renove any
met al | ayé&Hisonef apiropuate thickriesnon tp, ofithe sapphire e Thé silieon 1dyet cAE B§dMfuGeRPE
braze all o%{s. of. suj.t abl e known c&gﬁ{gact,i on are capabl e of neeting these

r equi r emen?sIMRIEAtion, or giher means dyathptamspspesies shelsas basomeyi ns to
flow, therh Ik < : . . 26 it wll flow
over. the BroFuol Beticie BhASEmiBntnqti yRcd oy W85 Frelehiation: css
rel2®f t o enérgy bod dopad comgntation/tht Amatredi stahdeaidl@dof the BilBZan 8k h@poskdC TS
Pakusi | - 13. sol d .Wesgg Metals) San Carlos, California, a Division of
Mor gan Ad i Brpddition to V1"ﬁ§§?°ﬂ!ﬁ*‘&f‘-’ét§%§s witleghange Heiresistance irereapenssttabl v .
25 The el i el ' | o] smal I, cr.oss, section. and
 preferably e ot pEpALPls bR S pRABE il Ohs BeSbed oGARR RS R HhiBe
geonet ry eénsigediapragm3@ will stam he fidkiand beodvickla JhaN& Bedstahdeai The € i ef

properties and will not conduct stress fromthe pins 18 to the sensing
el enent s. PIofWisaRSINGsigna)us deriyed Stom s ohanige an resistarical Wi t h good braze and

re nabl e sol i bi l.itjes such ni.ckel or | d. 30, The high

t earr%gr ature ca;q)g%)inlqlg’tp?%gaqgf‘ 13,6056 ?Ot ‘ﬁoé’erafﬁ? é"h‘icﬁﬂ"@cﬂmg?gﬁgtﬁ‘%tsid&ﬁr%hle t he
sensor 10 falld ddem SHESE ' above
400C) over %Augusggér2004 S?ggbe%%hea%glel@aBgﬁglgghg{]dlirﬁ@ﬁé%#@aéﬁgh sensor
10 may be prasiesiediti ansealing steyt alsdhedps distribotenths depaitatimembRUSiREfMIgUCh as

TEFLON ("Teflolg' S a,regli stered trademark of E. 1. DuPont DeNenours and
Conpany) (&eughauy thesilicon layes hersiligan paticms 2@ forrmea ¥&reststonerbaidgd 82 (see

extremely Frlﬁlrké%) hd ﬁ%ha?@%&’%ﬁ&i‘ in (ﬂg aﬁ%ﬁ%&ap}e%iaetlg ﬂ'laplse%se;al.l (c:iiffl]e?gxftl prz]t emns can
30 produce the Wheatstone bridge 22. The silicon resistors 20 may be patterned by standard
photolithographic techniques. An insulating layer of silicon nitride 24 (see Figures 8 and



Wth reference again to the Figures 3 and 4, flexure of the diaphragm 14

w Il now be discussed. First dotted line identifi eg% £y¥ 408E eﬁgﬁéents a
greatly exaggerated flexure of the diaphragm14. S i ne
identified by 42 represents a flexure of the diaphragm due to overpressure
(di sregarding the stopping affect the bqg_ki ng plate 12 has on fl exure of

t he di aphragm during overpressure). Such drastic flexure would |ikely 10
fracture hreak the diaphra 14, . Fiqure 5 ows a nodified, di aphragm 14,
navi ng & TR ABRTeL RS R S ne e AP e RSP S ¢ on
of the di PROARIBEABNR f3lst WusaS1d BieveliiaRLiBLoR itk AEIILARAA Dl iy 5% RaF )
the thickness g#@gt he di aphrz;lgsm shlbc}ﬁrd decrleage %oéri@lr?gé(i w%&gemr?‘slf%l |t3§%§The
gap bet wednthe tbend pap B6 aegivd.4 Whed thaodsisn i qitladdeavlsy awindber Z8istopehéddp by t he

t hi ckness of tq?gagl ass bond 116. Wthout limtatjon, a 15 typical flexure of
the di aphﬁgf{i’ﬁn HACRRR cacipet the conprstionprae er bondt pads 26 o then\y haatstone

bet ) i I ,cK d di t f
Che it apneadhs 650 Pttt B (£e HOALANAR PB4 B SR RaEPe il Riiee e « ne
t hi ckness paftedihithedictipite aitoadayefhe active sensing region of the di aphragm

may range between 0.075 to 2 inches for a di aphragm having a thickness
rangi ng from 0Meallichopd@ads 2hateasedet oinpedt thoelsetriaalleaslsd@ thithe t t he

't hi ckness (@f si ngl tal sapphire wafer, duyi fer fabrication.

ni ke o Areaupy e Bla1 RRRBoRY S B bonoait 283 Semiconbistondevgios ng
thin sapplidheasd : i f : e of the
di aphragm from z;ﬂ’(? %ﬁﬁ%\l@%ﬂg%ﬁ?ﬂéﬁ?gg%&@ﬁ%??egpﬁ{l%ﬂ%%ﬂ%{é%ﬁlﬂ%ﬂﬁ{tgh

t helbral stglassisg temparatmecs. dotheygrefenedsatndiméstratwignpablgasbondgiadtisi N sel f

destructing internal stresses. Alternatively) 25 increasing the dianeter of
t he sensi ﬁgﬂ%ﬁl‘&&d et ﬁ’gufﬁ Qﬁhl’é{‘ﬁ?ﬁ?ﬂ@f’%ﬁ%&le‘% Fadia Bipgyency Puttgrpg assur e
devi ce. ; L 64l . | ol I LG s so do
The cost o eh 8 titahipn 30le NerBSidd o (oWt Svalty. ik R IL AR RAS e

t hi ckness haf exdeenti taymidirmgpropertizs. nEitaitiachowesdrN@qaikaa diffukion bairig 32

manuf actured from hi cker sapphire 30 wafer. Thinning the di aphragm after
thin fil mbEp¥ReRd f bsazg auateriad 3y dthe Prage allpy Mdplnﬁéheeb@@rmﬂi?égﬁo mrebur e

sengd ng  divgRh A4 Effudoh | i lgﬂg I 23, ugust,
2004 -13 pr ovi%es stref;‘lgﬁ{%gg&?eﬁ@ %%r%%%gég%& eﬁ'egﬁ%hélg’nlyeﬁ OAan%'
di aphr agmthesthimsilicerebayec2mt pdn vodlingathis sii@weullciesdiwh epthdg by Eigaddi n
central area, 46 provides the sensitivity required. The sapphire di aphragm

| 4 can be ‘$5ianfeeces pnd lorally desrey thagidicanifde Thegdiffusior bamer 33 needsite be a

machi ni ng NASNh el killed in the art.

Al ternati \fghd&rgn annu %ﬁg&%%@ggﬁ% t%é;béagﬁl%éaagﬁm ees(igmrg?mg%ﬁ@i ng
surface ofIOOQ‘EC)di\thﬁmgimMio(nsﬁibbﬁir@,uﬁﬁ%sl&),-iriﬂ’ihﬁ_ﬁ,ﬂuﬂ%deh@ﬂ, tantdlag, art wil |
appé ciate that although the shape of the grove is not critical, rounded

edged and RAtBOIE 2nd pptladiumasesuiigblefpr &Ti_ﬁ ﬁb'm??fr-t Fee bardosmatesiabihmiuat be ot her
a0} acent - (RRIFSE Bt RGRAGE R §-djras b afroHhCofRiniioles dfendi frgduet

enbodi nentthefilrh NAnpoRsdes nfush BRRSSYiate bt m@;n@rtsﬁgesmirea{%%% iﬁoﬁﬂ@%wﬂﬁ’i ng

a conductive layer sandw ched between the backing plate 12 and the silicon
ni tride | aydrasadiffppiondarrirrc The eidbiymaris RE spsttetedwoross thetentireadapphige oafuded.

In this ner. el ectro netic .and.radi o frequency interference (EM and
R ar o T OkRBat tiamaani et B e nom B ke REmsd FBmaRES of

pi ezpr esi fthdRa c BRAARSs. Because of the epitaxial construction of silicon
on sapphire and the desire to bond the silicon directly to the sapphire, it
i s not desirablla thopyfirre asndimntity thelraster fob eie i pade26 id deporit@ishd he
sapphire. Further, putting a conductive |ayer on the outsSide of the

sapphi re dadpmed yrithpethgdgknasm to thesellgsbinghe art dpadvding, wishgut imitationy i but es
of the sa | re.di ragm. Wihout limJiatio t he conducti ye, or

net al i zat %&Eﬁcfrgt)}%} %%QSP “E%nﬁ? E%“Jap%iqamﬁéwgﬁ? S é‘ﬂb&eéﬂ?ta!
iridium rgvesd ¢sdm; I j [ [ s Ok SRLEr T al
known to shi el dQEI\/I %ﬁ%%&l*mﬁ%ﬁh%%g%n%t Ingye@gEgmsde%‘P%ﬁe seﬁsi ng
el ed@nt f rwith telsappldreRfiaplangigiltatThegedson fonihdsie thad enctalidtion layers myehaveSi nce
t he conducti ye .l ayer 4?‘6; at_ground _potential, the EM and RFl _wi |l set up
st andi ng V%Q?XISPIWQIFF-ZQ AR thagi the brage ddicable to penpirate Alge diffusion known
that if the



- primary apd secondary seals S2 and S4. A vent or

- 25 radi ation of the standi ng waves has frequency conponents whose

wavel ength is on the order of the distance between éﬁiugﬁgyﬁgré)iane and the
resi stive conmponents, significant interference wll » . on the
ot her hand, the distance fromthe ground plane to the resistive conponents
is small, then the standi ng waves wl | _Qﬁve negligi bl e anplitude at the

| ocation of the piezoresistive el enent /d no interference will occur.

Since EM h 0t er ence occurs in the range of (1 Mdz to |, 000
o, e barte gt G ab &) Bih TS R o SihcBntraneyl G OF 4 Wy Pucieg elassing
Fur ther, ahberddiied #oalbeEMeRTS s Ol BARE NBBbe fiPhrand g4 AU R0y 2002
-(4 piezoresistive elenents or the silicon pattern I'sTequi VA SRPRE t he
t hi cknesghofegidnewvhérithobomd pad 2emeay everliehibeilicon Pattéme00 HRbrofe TQust
Angstrom_ s, or f) 00Q000S neters. Thus, the expected effectiveness of EM
and RFI SRV yntg‘eiS 1o agsi et el y 6, 000, 000: 1. Referring now to Figure 12

ano§ her alter J . Sensor of the S esept inyention is

shgsvm. A non- p@)’%%l}gggﬁg;r}r'?%@ ?pgli ?@2?? I%P%%%%ét@éﬁg&“w epts diegdpsing

advant agdnushynédthodies Ritinpne SEparRE tﬂdblﬁra'ﬁ"tyﬁ@fééggl?ﬁ'éﬁiiaghrtﬁgﬁ‘{& T Sensor s
e crys

havi ng a sensing di a&hr agm constructed w t'h- si sapphire provide
excel | entsapiterearalennWideuh imitetioniscvdrabmethods inthelinpessive and fdeyrdfong
position pthin a pressure transducer housing 50 (see Figure 13) having
primary g??’cfusl 82%ﬁﬁa"rl§a%°é‘é“r machining otdaser|quitings magy ih‘?ﬁ&g*y%aﬂ@l@a@émb\'he 10
out er surmhal®isliloWasios bl réurd ARSHrASHY 0 id.wets only the
seal and the sapphire. Si n%e seal s of kné&n%é%et%gﬁéb%g&nrﬁqﬁ%ﬁ% re
pethreabl datrisaipmcess fl uids, some process fluid will get beyond the primry

eal. Very a €sSi ve pr.oc fluid h as hydrofluoric acid that
SRR o LR AT SN 6 AR i
sapphire g&aseé@@hhéegpﬁfas RECOACKDARKLNS B\AUE iL Sondihigi AN am nant s

fromthe corrosion j ol nt may pernea e process

fluids. Thranpe beeng holvsentvias3orisse FigaieR)e Theoie D6t Fotmie@Sh Hicbicking! Y Mer
for exanple without Iimtation, acid

fgg |h s? Zn?’?"é%gég" @%&E&ﬁ%ﬁﬁ?@ﬁ%‘s Rpsnd pEide passage ofielecirical leads k8 fivacthe N. J.

apy i ed : : . ing the joint. Aternatjvely,
S oasicet oror BsBARRnEl tohe 2 fiahBhio BufishE OB iodiigh: Arpe e 1 - an
el ast onens provided theagh 8 battinggilate Qrwignan@huge phesvick Beking isHeligdd. ON,
KALREZ, eyﬁt%g conpressed against the joint of the sensor  as shown in

Fi gure 1? DRy seeanmins ceRsistof metahpxideipewders thas atei sinterzd dogeshyerwt highar ound

th i d s h i aph 14 NSi t f .

Those sk TR BRRAly MBSl Sablif of \PRAISTH a5 4 biihs Sdar. bomigome.

formed asempari¢ isdluinive Whichihagmay simildrhesperti& @%h@!@&yﬁ%ﬁ&h?ﬁﬁ@' AS Eaéfgl di ng,
en

t materi-g’l%éoul d be made el ectrically conductive by ng in car bon
ponder. T asgirentent obths,aluraing icarapic eokaps below 4 fewaperednt dierthemtal gr ound by

means of ?‘ﬁg (W b ich.is.co ed to.the ground. Referring to

Fi gure 1??2 e%ggég?dl%oﬁegﬁgﬁat%@? Wﬁghﬁﬂewalﬁiyr@‘%“ﬁmessure transgucer

housi ng SO hawi pias§ 16itteht PAN birROwelT RELEBRBH;R aﬁh%gl?ﬁiﬁg%ﬁﬁé fecdd ?A ﬂazéef the
rain nmay ext en

rom
t he out sisHeilasthamal pepansiooquepertiesaBatosidicath glisseshava beert foend e3/5é welbet ween
the pri : d.secondary.seal . The vent 62 may relieve pressure between

t he sealrrgﬁpe(len BFh‘f)PBWE% ﬁ?ﬁ%@? F%‘I‘Egl&’é melblemperginses thap thpse ghasses
pegsreat i Rged o LN Matefalst %&ﬁé e { [esspre Lransducer
housi ng 50. The senslgfg 10 of th prretslglrl\t |%‘\1/gn nldgﬁﬁhsgl\lfioﬁsgékngﬂﬁ‘g?ﬁo%

di aphr aghnrlksilrandgeserepneasiveifasionof d8int AONBIROIYjRENFELRL! TR
resi st ant hgs desired flexure with no neasurable tenperaturé or pressure
hyst er esilese Bl sthigpn sspegra e typisally estriaeditorprasassiag teneperatures effng gnate 0C.

Referri i 4, . si t , is_aple to withstand: high
omper at iSO @ g s for ol Briel FHsioRs 15 Rudhicased by GBEHER ekl igS: tho |

pl astic IPatat Ne. 57798438 heli ; in . dury.n e
pl astic injection rmlggl? Eghg‘?ggg'?é,ﬁg %’Ei@@&gggfﬁp %&ﬁg‘{]ﬁonag eﬁﬁ@cﬂ)@%’&“g@mﬁ
prifmary bas besoarsignificad girobldine The ysomged hiph bondatendh barcsARthtel Hlasses used

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



“the sensor 10. Such nold in place pressure sensor and nodule is expected to

reduce 10 production costs, sinplify construction agg decrgaié;ahe overal |

size of the pressure transducer nodule. Referring t anot her

al ternate enbodi mrent of the sensor 10 of the present invention is shown.
The sensor 10 is capable of detecting both the pressure and tenperature of
the fluid adjacent the di aphragm 14. Thél-sensor 10 further includes a IS

resi stor 7%6Pa{te ned 0{1 t he sapphire diaphragm 14. Bond pads ?2 are forned
on the sERYEF 8IaSS Basy Melt dempriaives argHad 4601Ghandsis o lawerstizsgtbond pads 26. The

resistor 70 i g,f I .hond 16 ,and,the diaphr 14, B

pos: ti oni ng ![fs]!g o(r?&eégﬁgtbgﬁa glﬁzfsg Pé@ﬁ? g’eﬁgl?’é%asﬁfﬁnlgtbﬁeg?siﬁﬁe,ratE re‘gg%n}’éul%ﬁced

stresses ddiiida glags 1 hag be bheformed ot stteenedloni & BeShufthced O e %a&lh%é%@(e gyoi ded.
as

The resistance of the single crystal silicon resistor 7

vel | - def ilpgihercaase itds imeorthap that thecwlica glassatneb eetfldw ardréth athere it sergdh 160pi ng
congentratlons (P _dopi ahove 10" gtons/cc). the function between '
t en%er at %%lﬁﬁém?gtogﬂ&aﬁsﬁéfw gﬁﬂﬁ?ﬁﬁ‘&'ﬁﬁé@‘@ the peaspure chatactenistichefs, as
r esi st anqRe sBOGEF cdlEhahBOREE e IR L ' det er m | e, Fjgure
16 shows anot her e(r:rbodi rrgnt oﬁédtﬂﬁe sengg?uha,gh\%ﬁgesl},nrg?rﬁgeﬁse [ ?5%3 " the

- 25 Wheat slovsover thigae@ilizad ond phd 26 Befode thetthameI4esth8 BoRd $a8 96nARd he

t enper at ur.e. of sensor 10 is reipresent ed by a dotted

The outer perjpher 1
line. Agdiths 1§ Wil petbrazeiache bend pads6n gihe finingsefihe glass stould be as¢amseant hat

i t i wel | ; defi ture.dependence. A
CouP Lt or bRBerdhel &AM BAVRE Sl B pllg boRf Gl GRS ELH IS insiibib afo i e
- Vhéat st orglassifiadgee.2Pubthtr thestibeglasol @bkt K4ve lr@pemgé Wﬁ{d%wfsrﬂ.fefeﬁégﬁﬁa%o

fromchanges in tenperature of the process fluid. "For exanple, Wi
li mi tati dhns HheAddisioselly, bygonuglling thetitkadssefithe siliea glns bowgd bb betweeniles Of

[ te. 4 A t, 2004 -16 f t he di aph
1o Tho. iy s Ao 12, fF st BFAE pprtimgnold will bbomant opfha o
val ue of Yabkin &Qﬁﬂﬂﬁnﬁ)b{r&ﬂ&s&ﬁc"(&%ifﬁéli’r@_qz.hﬂﬁke,tlﬂghggrﬁagﬁs%regioSsure on

the accuracy of the tenperature determnmnati I'S neg e when t he
t enper at Upgreasss the eemprasstracipacitao fibk gessor 40 bgladagondf H0Wat@ofe. t ti Ng

d k to t ki Il ip.th t. . As the \Weat st brid 22
FedfStance chabdSer fIRTufiers ot ieeTerdieal sa3us it bandpsdids mustmnel
whol e br isgeetipdtaite tlighily2RfbA BaBP HeRich ghiss 1B, Fufikd Ay 4LAG, gl roui t.

The voltage Vt can then be used as a tenperature signa or an an or
di gi tal @BeresHYe shoughia ite melttempetaturg ¢o kimavel dnydajiizs drcah HsiheRN e 26, UPON

the tenp ra. of the.\Weatstone hridge 22, especially if the silicon

resi stor %éﬂtﬁgﬂﬁtf% HX\‘B% ; ’HQ’“P‘]‘.B@ F%%ér?"?@%’i radloys ef swtablejndwn doped
or if theodsfictid8atd bR Lt Y ur e t,. of

t enper at ur e, i he tengaz)?at jf%gﬁggﬁﬁaw\%hﬂh{% le“n%ht&}?%r%% rar(t,'?lg?epﬁfgﬁ on.
Th&df ol | dhﬂ;) glg.;q)bﬁ b¢gi?$ @l lowgythéreifithe silizsglasy\mgew@ ov&the bahd pad 76 itSwill

expr essed, hot upet i of o urs Vt and Vp: T =a~ +aoi Vi +ao=VT

.. tao ESE?‘%WE'@%\%W%QJ PZ - Yiereby proyiling ssaewf@mtt stiees tﬁbl@ftdkﬂ:iefané s ~
are obt aitypd phY rébibs bk . enkno o,those skilled in
the art. Ui Ipigzgt?gllolﬁ 0 tht% %E?&ed’%ﬁé%cﬁggﬁggf%o%&éﬂswé %ﬂl‘i Hyt 88at a
fitting pvietebsdfareCailbs, Qaliforhidea Divisidawt Mbighn ad&aﬁdear@érﬁﬂiésema%ﬁaial e

output that is calibrated for strain effects. Thus, the sinultaheous
nmeasur e bggn f?t“@gé‘hb@z%lmcp@hb’erature froma single sensor is achieved

Wi quick re n ies., Alte ti , T 20 only tenperature output is
de%il]r ed, pr es:ﬁ%ﬁ%ﬁ#&?aﬁﬁ%ﬂf{’g{F‘gg}‘@ﬁ%&fﬁ Efpspyecsionandinseferably begs of
the resi shade dffa duRilcAibeal. LRh o fin 19lcoftihd binel§- Xgapl el mexi mum
strain sensitivity of R-plane aspiﬁ?i cor? gﬁ%ﬁ%gﬁ%‘t‘%&sﬁé’ :ﬁgél’l}logﬁsa%@"b enting
the resi segmielldmsittave goatbgrabeselich ptdpertivsand otilt hoCedndust steehidr R gh! ane
and C axil§t are defined by M]ller indices of crystal geonetry.

i . zLT Y,
Pi ezor esi St'aAResansing Slemants. Thecping b8 shouldbaplated wish aanaseriall wigh gasd braze
per pendi gyl | € L-axis. The axis of the resistors can be
rotated to gfistr)neangall‘?%lg‘?@é%}’g&ggﬁs'g{%ﬁs@c_ efﬁrgcﬁﬁs manner, sensor 10 coul d
bedtrde to_el ITHIHIBE iR%ALRAPAIRIiL o dIYorBEniafbrial S oonBRhoti A GHET N
tenperature proxi mate the sensor 10. This invention has been descri bed
her ei n i.$eRW¥dPallowsuse efstugh kerisar b0 devery highotemipyratirtdi(dbloee ROOTY ovek at Ut es
and to provide those ski fled in the art with the information needed to
apply 30 the novel principles and to construct and use such specialized
conponents as are required. However, it is to be understood that the
invention can be carried out by specifically different .




" inner su

24 Auttust:, 2004 _ | 7_ equipnent and devices, and that various

nodi fi cations, both as to the equi pnent and operatigggﬁrocgggéﬁi, can be

acconpl i shed wi thout departing fromthe scope of t ' tsel f What

is clained is: 24 Auetist:, 2004 18 CLAIMS 1. A sensor having

non- por ous outer surface, said sensor c?gprising: a backing plate having an
p

I nner and outer surface; a non-porous d hragm conprised of a chemcally
inert mate an firmer and outer surface; a sensing el enent

i al, havjn

di sposed “’5\[?8?“4 R%“‘?cl?rf)gr‘"%?*f eresush seser d 0 ama beyrolded diregilmiago higter t hat i s
bonded b | t 4 I ' bagki'n | at e and the inner
surf ace %gﬁggﬁ%{dr% rlééglgr}g)gglhglpg%%%géﬁnﬁf%ﬁbn{iﬁgﬂﬁﬂ !ﬂf’c%ﬂgéﬂ ademark afher eby
bondi ng d&l.duPack DelfeploatcarTomas [oir ¥ di ;,ﬁ,gdp osing said
sensing element within said ba%k??l[g()gl at egﬁv\ﬁg?e)i ﬁﬁgl? eagfm ﬁ%g%sﬁpﬁ sure
and terrpé’rr%l‘fqg‘?sémr@‘é?eﬂéﬁéy &elisble ol batweeh thesengm liosandplabeic detghge by said
sengi ng el emerwitﬁnd wherein thg} glg.ass lLayer has both a high bond strength
and a high melt éﬁ%&‘fn&? geuniq e Tigurgs 3 and 4, dlexurearfthe diaplgagmel 4 will ndw

Cancel | etbe #scudded. : ' i imJl. . said aglass |ayer_having a
t hi ckness di ggnsﬁoﬁgﬁmﬁ%@ﬁ{ eﬁﬁgﬁtﬁ%r?-%o%ﬁ%%cﬁegﬁrﬁgﬁﬂ&‘f’@ﬁﬁ%"“é le"dl‘&Pged

maxi mum fthediaplspgm bor$dcond dbttédking ileatifisd bf 32 festbsdniiea i engages an
of ,the backing 25 plate. 5. T{;e sel%jgor. as ré@??gg@i nclains 1

rface
and 4, witPBRZT Aue IRRyarprssPrafdisragardingrtho sopping affeiot thgibacking pue 12 bas ed of
mat eri al ' WAy xpansion rates, 6, The sensor as recited
i n1 a:_ | ai mzlnyﬁﬁ%%ggg{?%gﬁé@gg (g eg%ﬁﬁm etﬁg’?‘é%’cﬁxﬁﬁs‘ﬁ‘l"dﬂékﬁlkssur e.

7. 10he sdrsore esbreak theadiaplitaghaidMFigurk W HaGfs o ' ﬂ%gﬁp t

ext endi ng thr ough sai d bg%ki%g. pl atge to all gﬁ@g?fgfc&?:&%ﬁ 0 gg{rgﬁédggqge%sur e.
1

24 - Aueus fthinBesggitral portions of the diaphragm than the outer portion of the diaphragm.
‘ Typically, as the diameter of the diaphragm is decreased, the thickness of the diaphragm

should decrease for maximum sensitivity. The gap between the diaphragm 14 and backing
plate 12 may be controlled by the thickness of the glass bond 16. Without limitation, a

15 typical flexure of the diaphragm is between 0.01 to 0.0001 inches and the spacing may be
between .02 to .0002 inches depending upon the thickness and diameter of the diaphragm
14. The order of magnitude of the gap is preferably twice the thickness of the diaphragm
14. The active sensing region of the diaphragm may range between 0.075 to 2 inches for a
diaphragm havipg a thickness ranging from 0.002 to 0.050 inches. Practical 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 F igure 5 reduces the thickness of the
diaphragm proximate the sensing area while being manufactured from a thicker sapphire

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

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



-18A 8. The sensor as recited in claiml) further including an epitaxially
deposited silicon |ayer on a sapphire di aphragm betwi ng plate
and the di aphragm wherein said sensing elenent is 8 n. 9. The
sensor as recited in claim@8, further including a chemcally resistant

| ayer positioned between the silicon Iay];r and the backing plate, wherein

said chemcally resistant |layer acts as an electrical insulator 10 10. The

sensor as _recited i nhcl ai.m 8). further including bond pads_ between said
glass | ggfif""at > SP@QEBLE’E& _§;Ei:‘a ff"ei'@m;heﬁnsmaéla_@bmlm ISasjdﬂr@ei wantidn
claim {3 Esurd6drld r 0 Y ass layer pr.ovjding
access to said bond padsll lg%lémén ec}t@rqua{cgﬁe]a%fsa%ﬁgfo%gr% 8915?%3?5'&' ot rP‘E'é"%'ond

pads. 12. Thheapphisaliapsagmditican be thinhad by donvlehitiéhae metRlielindGing sSéd AL 0N
|l ayer posi ‘it’i oned bgt ween the non-porous di aphragm and backing plate)
wher ei n s aP@S¥E FACh BB opliasanic machipgeenomnciodhose silledhie theearsor as recited -

' | ai : | | tali ' | bet th -
o apny agm AT, ah Ble o BBy SETomRRY o he LB seSTEL TR PR ens) ng
el ement. 2mphthgml M (s2€ Fefiire A7), 'Pidsk 86ille ik Hid) 4R ) ap\f(géacriﬁh that %ltﬂo@éi-glgne pads

conprise a titaniumlayer and a diffusion barrier. e sensor
reci ted i phapesfshe grove s myreritinall dinded edgesanil galovy iy msfesicdntA 186, AMMoupT
adj acent {0 at | east '(a}]‘aportion of an_ outer edge of said non-porous

di aphr agm rﬁai"%‘é‘? ¥ 3pghlaf. pihes ggpmetrirshanesanay e adeqnate te eqliend flenurs stiess in,

wher ei n tﬂ@r@&%%ﬁd&b‘ﬁttﬂ&%@%@ﬂicf conpri sed of sapphire. 24 Auguat ,
2004 -18B 17.  Cancel | ed. : ncel'led. 19. A nethod of forning a sensor

havibng a non- p&efersingmbertofigiirad ¢ antaenized SAB GO If thd PresRir® ko P 8f q:e
non- por ous% chemi cal ly inert diaphragm having an inmu;r and an outer 10
suiface; BISSHYINYRULDdEshawyhasling:e sendyptive layer sandwiched bttverendhe banking

non- por ou | : I L4 ani backin .ate hayj ng,an vper ,and an
out eP sur ? ggéeﬁg%;e(?g‘t@ ﬁg&%?e{%‘lﬁl?gé 52& g?/lgrc oﬁ%@ng%ﬁgfh%é 'e“l%g'ﬁﬁ’i’h ,ccziﬂ%"?h'si ng a
gl ass mat grauatied. alnethis matien dlethombgiaic dIhd6 TreQhenic) SnteAEIhBY (A LEd ﬁ"«’?l){ Ee

0 e

15 i nner surfgé(e of _the diaphragm proximate to an outsi de periphery
di aphr agnf€diacked EMEandsRF} are kaavnite degtadethetperfamanek of piezogiststive mat er i al

hagsbot h Lah ) : nd _a. high |.t. tenperajure at it is at or
a7 0o e BRAGe it Sofublcton {F sliedr BRpPhiE? fd Mictestrg o band
bondi ng t the sAiconatiictly tetiRmEapphite)itas n6l @&irible# phGAGnhaiv 151%#6%&& @Y

) e

bondi ng pad di sposed on the inner surface of the diaphragm netl hod
of cl ai m 8¢ron apd thersappfirs: i Birthgr, putting aepnoluctive layergnahe apsidelsfahé Bapiphite

backing Phbfrabfh A6GRRAD ghegu'agﬁ?ﬁrkﬁs? cheR iy et diibates of the sapairad 1€ 25

diaphragm. Without limitation, the conductive or metalization layer 48 may comprise a

20 layer of niobium, tungsten, iridium, molybdenum, tantalum, platinum, and paliadium, or
other material known to shield EMI and RFI. Thus, the metal layer 48 shields the sensing
element from EMI and RFI originating from above the conductive layer.

Since the conductive layer 48 is at ground potential, the EMI and RFI will set up

standing waves with zero potential at the conductive layer 48. It is known that i-f the

25 radiation of the standing waves has frequency components whose wavelength is on the
order of the distance between the ground plane and the resistive components, significant
interference will result. 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 RFI interference occurs in the range of IMHz to 1,000 MHz, the minimum wavelength for

this frequency range is 0.3 meters. Further, the distance between the ground plane and the



24 Aueust. 2004 -19 22. A tenperature sensor having a non-porous outer
surface, said tenperature sensor conprising: 5 a bagki,ng plate-paving an

inner and outer surface; a non-ponus, chenically int aphfagt havi ng an
inner and outer surface) the chemcally inert diaphragmselected froma
group of materials consisting of sapphire and di anond; a tenperature

- sensing el enent di sposed over the i nner “¥urface of the 10 di aphragm a

| ass layer that .is bonded by glassing to the inner surface of the b_a_cki ng
gl ate ané PE9FRIesiSHEE eetnanbcy té‘? Sigoryp BBiseanivalensiio &i‘@rﬂ\lmkoxssrcé’tthe ﬁl!hlgon
- outside s t r i ng, said | ate and said

non- poro5?&5?%{#&6@?%?%nnlttl:IP%éfegéfgg‘?hgﬁgmﬁgmmi@ﬁ?o effits 4BV the ki ng
pl ate, wherpdotedléffettivenass o EMIGnd FaT swdldtng%ﬂgﬂ&ﬂ&éhe% BROOIVE 1. S
| mmedi atel y databl e by said sensing el ement dde to the thickness and
conductivity ofRaferingaw taFigpré h2 mnothet eltérahts emﬂﬂd%haftmﬂ‘thﬁ Renggk astscﬂ f@yer
h th a high bond strength and a high nmelt tenperature that is at or
ag§v§307oo@Fesﬁ F‘r‘} ‘Sgg‘ﬁg@r fgéloflé&f?'éﬁd}emle#iw ipett pressurehsanseompy 'ﬁ@' u;gd
el ectrical L: I n hat ext.end throu t he
backi ng plag{t/e; gggygggge%ﬁbg%ggrgg Ee%’%gl %a@%!ﬁdz afra'ygelﬁagg?m%‘%"ﬁg apensing
- non- por ousliafiheqgm agnstnandl Asthviinglewsydtalr @pphiré previde Gk@&¥Rn! BYREcRINOYdiRY
access to said bond pads, wherein said el~trical |eads are brazed to said
bond pads chemic Kerldsrsepsor 18 enayekr positidnedrwithin ﬁtpretsh\meft:anaqlm?es ?ﬂtj}nﬁg 50
Y (ol FIEIIRTS) RARD3Ha A SEcoRBAI RS 2 8ha M Grihe princary ot ngages 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 EP21AR 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 SS 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



24 Auttust, 2004 -19A 25. The sensor as recited in claim24, wherein the
prinmary seal member extends along the side of the sggior on&bge peri phery
of the diaphragm surface. 5 26. The sensor as recit 4, further
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the sensor 10. Such mold in place pressure sensor and module is expected to reduce
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
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
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
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 F igure 16 is electrically
coupled to the Wheatstone bridge 22 but may be isolated from any temperature affects
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.

menber di sposed al ong the side of backing plate

i_.nert housing adapted to seal the sensor and expose
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15 wherein the coefficients a,, are obtained by a least 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 skilted 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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S an inner and outer surface;
a sensing element disposed over the inner surface of the diaphragm;
10 aglasslajmthatisbondedbyglassingtotheinnersurfaceofthcbacking
| plate and the inner surface of said non-porous diaphragm proximate an outside
petiphery thereof, thereby bonding said backing plate and said non-porous
diaphragm and enclosing said sensing element within said backing plate wherein -
~ atleast one of pressure and temperature near said non-porous diaphragm is |
5 ‘ detectablcbysaidsensingeimnentmdwhcminmcglasslayerhasbothahigh
bond strength and a high melt temperature that is at or above 700°C.
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2. Cancelled.
20 3. Cancelled.

4. The sensor as recited in claim 1, said glass layer having a thickness
dimension, wherein the non-porous diaphragm flexes to a desired maximum flexure, a
portion of the inner surface of the diaphragm engages an inner surface of the backing
25  plate,

5. The sensor as recited in claims 1 and 4, wherein the baci(ing plate and non-
porous diaphragm are constructed of materials having similar thermal expansion rates,

6. The sensor as recited in claim 1, wherein said sensing clement detects an
30  absolute pressure.

7. The sensor as recited in claim 1, further including an aperture extending
through said backing plate to allow detection of gauge pressure.
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resistant layer acts as an clectncal msulator.

i

10

10.  The sensor as recited in claim 8, further including bond pads between said
glass layer and said non-porous diaphragm.

11 The sensor as recited in claim 10, further including windows formed in

15 said glass layer providing access to said bond pads and electrical leads that are brazed to
the bond pads.

12.  The sensor as recited in claim 1, further including a silicon ]ayer

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

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,

25

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

15.  The sensor as recited in claim 1, further including a chemically resistant

30  polymer adjacent to at least a portion of an outer edge of said non-porous diaphragm and
said backing plate. '

16.  The sensor as recited in claim 1, wherein the non-porous diaphragm is
comprised of sapphire.
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Ving a non-porous outer surface, the
method comprising:

providing a non-porous, chemically inert diaphragm havmg an inner and an outer
10 surface;

disposing a sensing element over the inner surface of the non-porous diaphragm;
positioning a backing plate having an inner and an outer surface over the
‘diaphragm and over the sensing element; and
using a glass material layer to bond the inner surface of the backing plate to the
15 inner surface of the diaphragm Proximate to an outside periphery of the diaphragm so as
~ to enclose the sensing clement, wherein the glass material has both a high bond strength
and a high melt temperature that it is at of above 700°C.

20, The method of claim 19, further comprising the step of bondmg the

20  sensing element to an electrical lead via a multiple layer bonding pad disposed on the
inner surface of the diaphragm.

2l.  The method of claim 20, further comprising the step of forming an

apetture in the backing plate to access the electrical lead and the step of brazing the
25 electrical lead to the bond pad.
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Xt 0 %achngpﬁgte having an inner and outer surface;

a non-porous, chemically inert diaphragm having an inner and outer
surface, the chemically inert diaphragm selected from a group of materials
consisting of sapphire and diamond;

a temperature sensing element disposed over the inner surface of the

10 diaphragm;

15

a glass layer that is bonded by glassing to the inner surface of the backing
plate and the inner surface of said non-porous diaphragm proximate an outside
periphery thereof, thereby bonding said backing plate and said non-porous
diaphragm and enclosing said sensing element within said backing plate, wherein

- 2 temperature near said non-porous diaphragm is immediately detectable by said

sensing clement due to the thickness and conductivity of the chemically inert
materials and whetein the glass layer has both a high bond strength and a high
melt temperature that is at or above 700°C.

23.  The sensor as recited in claim 1, further comprising:
electrical leads coupled to the sensing element that extend through the
backing plate;

bond pads disposed between said glass layer and said non-porous

diaphragm; and
windows formed in said glass layer providing access to said bond pads,
wherein said electrical leads are brazed to said bond pads.

24.  The sensor as recited in claim 1, further cotnprising a primary seal member

disposed on the periphery of the surface of the diaphragm.
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25.  The sensor as recited in claim 24, wherein the primary seal member
extends along the side of the sensor from the periphery of the diaphragm surface.

26.  The sensor as recited in claim 24, further comprising a secondary seal

member disposed along the side of backing plate and spaced from the primary seal
member. '

27. A pressure transducer module having therein a sensor with a non-porous
outer surface, said the module comprising; '
a pressure and temperature sensor that includes:

2 backing plate having an inner and outer surface;

a non-porous, chemically inert diaphragm having an inner and
outer sutface, the chemically inert diaphragm selected from a group
consisting of sapphire and diamond;

a sensing clement disposed over the mner 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 diaphragm
proximate an outside periphery thereof, thereby bonding said backing plate
and said non-porous diaphragm and enclosing said sensing element within
said backing plate, wherein at least one of pressure and temperature near
said non-porous diaphragm is detectable by said sensing element and the
g]asslayerhasbothahighbondstrengthandahighmelttemperatnrethat
is at or above 700°C; and
a chemically inert housing adapted to seal the sensor and eXpose a portion
of the diaphragm surface.
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28.  The transducer as recited in claim 27, wherein the sensor further comprises
a primary seal member disposed on the periphery of the surface of the diaphragm and a
5  secondary seal memberalongﬂwsideofbackingplateandspacedﬁomﬂlepﬁm:yscal
member, the primary and secondary seal members adapted to be in contact with the -
housing and disposed on either side of a vent in the housing, the vent extending from the
outside of the housing to between the seal members and adapted to facilitate the passage
of fluids and relieve any pressure between the seal members.



