| mprovenents in Capacitance Sensors Field [0001] The present invention

rel ates to capacitance sensors. and nore particularly to a | ow pressure
capaci t arwe 20mvmoseaber i ncl udi ng a di aphragm construct edPew/ts3004ReCUr € t he
di aphragm wi t hi n the manoneter housing so as to elimnate buckling during
wel di ng, and isolate the diaphragmfrom wel di ng i nduced strains. Background
[ 0002] Capaci t ance sensors usually include a housing which includes two
chanbers, the first for rdsgirvvdagedthin Gapadtaneafeiisoshose pressure is to be
measured and the second for receiving a gas at a reference pressure. The
reference Briisure is typically either determ ned froma reference source
or anbient "YaS reflecting ambi ent conditions. The two chambers are
separated by a flexible diaphragm positioned therebetween. The di aphragmis

fixed around its [pgr1]phere pResthahvidtionedlasesonecpharmnes séxom the wiher, and
has an active portion that flexes as a function of the difference between

t he measur edapicakslyr © @népw heysefe cepfcdancesgapacter ningludimgaei diapiregm
manoneter, t i i . t wa,. el ect typically a
ring ol aot r Sapr AkAR AT 2o HEARE b AT ¥Ry BE AR RSB TE LY B e
t he center aknsnaé bidkdinaduiing wehlitd, and ddoldid thediiginagag flomMweldalgaatiiedes are
positioned in one of the chanbers, usually the chanber containing the
reference ga¥¥™en a differential pressure is applied to the di aphragm

t he di aphragm flexes relative to the two el ectrodes. By electrically
connecting the diaphragmso that it also functions as an el ectrode, the

di fferenti Backgmesdre can be neasured as a function of the difference in
capaci tance between the di aphragm and the center el ectrode and the

capaci tance bet he di aphragm and the ring,el ectrode. W.th.the
ref erence pressnﬁg&%ﬁomneﬁ%%ﬁﬁggsﬁPgas6?g§bngh%%naEQE?P%‘ggcmé?%ﬁ%?ned
from the capaeidan®ersTEas Gie BN tsei iR AR The oprapsUivBodie peWueianto hange of

t he capacitance manoneter is partly determ ned by the spacing bemcen the
di aphr agm argeasyed ,apqzl]@eeﬁ@gorgb%g @geerving a gas at a reference pressure. The reference

pressure is typically either determined from a reference source or ambient gas
reflecting ambient conditions.  The two chambers are separated by a flexible
diaphragm positioned therebetween. The diaphragm is fixed around its periphery so
that it seals one chamber from the other, and has an active portion that flexes as a
function of the difference between the measured pressure and the reference
pressure. In a capacitance manometer, the diaphragm is spaced from two
electrodes, one typically a ring electrode and the other a center electrode, both
axially aligned with the center axis of the active portion of the diaphragm. The
electrodes are positioned in one of the chambers, usually the chamber containing the
reference gas. When a differential pressure is applied to the diaphragm, the
diaphragm flexes relative to the two electrodes. By electrically connecting the
diaphragm so that it also functions as an electrode, the differential pressure can be
measured as a function of the difference in capacitance between the diaphragm and
the center electrode and the capacitance between the diaphragm and the ring
electrode. With the reference pressure known, the measured pressure can easily be
determined from the capacitance measurements.
[0003] The pressure measurement range of the capacitance manometer is
partly determined by the spacing between the diaphragm and the ring and center

electrodes. In the zero position, the surfaces of the diaphragm must be flat and as



el ectrodes. In the zero position, the surfaces of the diaphragm nust be
flat and as parallel as possible to the ring and center el ectrodes. Thus,
the | owerWORBINMBUBs in differential pressure that are POTAR2NBA4121Ed, the
cl oser the diaphragm needs to be secured in the sensor housing relative to
the ring and center electrodes to provide a maxi num signal dynam c range
for the pressure range in question. This results in the requirenent of
parall eli r er. reat care is taken to lap the
o faces iR GoStRR A RERL Rl SRMbadt S Bk Tab S BRI he

housi ng sdiffehatial preysias ehasirpl@bamasupodssic hli@er Bur dibgliragBateeddnusbe be taken
to secure the di aﬁhra%m ithin the housing so as to ensure the proper

posi ti on SHCHR AN SIS Es K VA PALAGRDE 8P CFRET EISCEMES 19 REPViFde cent er
el ect r odegyxikhgn @i , i : ofy,; Iy re
measur e ms\{?ilta Ms u baglls% g&ng{)?&g}d %ﬂ%ﬂs&g l}lﬂs%gréﬁggqigggfa glél g%{j%ht fli}g v\pé/gS ilgbe St;ﬁ % t he

r ef er enceregubasse mib pyratoltrnaimbagyehlpecatérn g sanctsdegteer cagd Botkendesp Wl di ng

t he di aphra%m i nf@' %ce however, can.cause,.t kﬁe di aptgr atglm t o .buckl e thereby
shifting tHECER GEE PG Bl R MR WP e S ThELER MORYPE At MBbuces
sone non- payakd & piamrsisneesibhe dLARRT agimst be ikeh R9&IrdBCRIILALS! Y
planar. This is particularly critical for sensors that are used to neasure
rel ati vel yithowthi hpesiehtspals W esswe edic broaers @ovfion advearglldianr ol thap
required e. di aphragm an rin d nter el ectrodes,
100041Var ?%Ef\éﬁgﬁc{?ﬂdﬁﬁge@,tﬂg uctr as g%lggrt r fgﬁtg%%g‘m \C/:eﬁfedlglﬁﬁgraa d Paser H}Wel di ng
are knownfdrmepraavi geartvell de hawung nicaslieentstubassmbbubf skeRedsec hnd gsies are
relatively expensive to inplenent. Using a relatively |ess expensive

t echni queSUbsERENRY VeAdedTim gt Eerapee wagﬁeﬁ@lx Grapning thel BBgrandelcaichy,
resul ts i &e&&?ﬁ&.‘”wéﬁd{n%s@e Bﬁgﬁg?ggilﬁ) %?gﬂacé’,”h&vb&eﬂ' &R atﬁ%rqhe%igﬂﬂr%’nll Yo

reduci ng the I ckness "o gmto accommobda ower pressures is
di f fi cul t binddathsebefshifties thefehp dut toystafssesen tira wejdt Adusliapklirpgmtroddcas i ve to
t he housing without the di aphragmdistorting. Accordingly, jt is _desirable
o const r tgre Tersandsm Su°f et Shragineaie sty slived LRI« he
sensor  housipgeulyYicdal thesehidl BRe arelhsell RS nthaaRbragm ANt ierGaRiaspaci ng
bet ween t he di aphragm and each of the ring and center el ectrodes are

sat i sf act prebduyesniaicaugi ofedhe aferye natrine Sprisquirddsbeiysenticediaptsagmeny theecur ed
to the housing, asse Iy gnd an active portion novable relative to the
g e

el ectrode™8¢ f %sponse to a differential pressure applied to

opposi te sides|oip4} he viraphregMiqiie shilxed gesttdrobesh hidid aphriagm i s
secured at uric or nore |locations relative to at |east a portion of the
housi ng awsktid gre kneavnato previde vods bpirs duged grasedut fuehischiiges $¥orti on of

e S oL BALRELYRAN,L e hpeatAon WL Be dhantieamin L]
any stresss 0@s tThegaet Ave Wading aaTefW) be Piisaphwedme, 8006linngraatcostidance with
anot her a%gg(g: tplacgd gr? Ph%ccgietiﬁgggem.s lnrrsn zIrly%1 ?ésd%rcrglnghe thickness of the diaphragm to

accommodate lower pressures is difficult because of the difficulty of securing the

diaphragm relative to the housing without the diaphragm distorting. Accordingly, it is

desirable to construct the sensor so that the diaphragm can be secured within the

sensor housing in which the flatness of the diaphragm and the gap spacing between

the diaphragm and each of the ring and center electrodes are satisfactorily maintained

after the sensor is assembled.

Summary

[0005] In accordance with one aspect, a sensor assembly comprises a

housing assembly; an electrode arrangement and a diaphragm having a fixed portion

S0



is arranged to nmeasure a pressure relative to a reference pressure. The
capaci tance sensor assenbly conprises: a housing assenbly; an el ectrode
arrangeneWP 2012488119 secured rel ative to the housi ng ass@GBIUp2013/4d1241
fl exi bl e di aphragm having (a) an active portion and (b) a fixed portion
fixed at one or nore |ocations relative to the housing assenbly. The
housi ng assenbly supports the di aphragm and el ectrode arrangenent in a

spaced relatianshi it t uch.that .the active rtion,of the
di aphr agmgé‘%lueegeglhlrt%l ‘3’?‘:‘;&"“&9 E gse?rﬁg} e aec%‘r% ie\eagr)%lr?genr?%h%blle ﬁ‘eiﬁgg%é%gget 0 a
di f f er ent elattr@eessmpenapphiregohe oppdsicteatisi slesuaf appied ac bpy@ipardes on of

t he di aphragm . The di aphragm i ncl udes. at | east one groove between the
| ocat i onsc’g&e\/\ﬂi}?@ﬁa@ﬁe ?llr“’e%ﬁ‘%‘? SOHIOAHr B rHIRRIT$gX 8 SFRIEt AV eNg 8T f1MBE housi ng

assenbly apgidRge@tid & d i gl | ; : active
portion of tﬁle dieaghérﬁgg%%%% 7ll?ﬁQ?@S%?é%ﬁ%gggmﬁtbﬁ?gﬁﬁ%ﬂgggg%éiop,gea met hod

ihs provi déidfoaﬁfd:émﬁter ’ﬁ?ﬁ’tdi pgtian sétsodiaplysgniiieywa thhdotayipes anehictlithg a
ousi ng asse , . t d i aph .havi fixed
port1 on sdutaen s il FEULE RS he kBN R dobs SENHRiEh v an e ©

relative fdicl@ignyeliRes 6:00R RVANGEIRDE tht RidpRRRaNSe to a differential
pressure applied to opposite sides of the diaphragm The nethod conprises

securing the fl0086] porlpiasporéfncehititpriheraignedt @ epcrnagoieasdr gesmtons
relati? e.t t rtion. of . th 8 S y;and form ng at

| east onelsg&)a%%%(k ?Oﬁ%}eﬁe r?i%xﬁé%ggrgr {ellatgggctf?%?r %{eerp%lcgﬁigsggllr% bg V\g%)r?'\&tlidrrﬁé:e

| ogat ihons s?l_tson/\didserh?;yh@m@kbr&ehr tag}mds'lﬁl.gfeismﬁbly,ehlf.kle‘dﬁodd)altrﬂ%ehﬁ?;sﬁn@ilﬁssenbl yf
an e active portion so as to relieve any stress_ on the active portion o
the di aphPeyrrd ke dp t?s%é@ﬂ?lﬁgiaéwnwy;tw Dr%ﬁﬁi@éilapﬂ“mf‘ﬁé‘f‘%r(éhé’é i s made

char act o e TR B R e e S R T i .
[ 0009] FI Ghousings assemibys s-Bechowimal asserblyofuppogs ehd elihipimersm ehd acladpdei t ance
sensor as gr?gr%e}/neintn 1%02{ poarcé:jl ire?e%iotngl%piwqﬂqr gr\léegnot terr legé[hu{h%é th%nacci:tive portion of
the diaphragm flexes relative to the electrode arrangement in response to a differential
pressure applied to opposite sides of the active portion of the diaphragm. The
diaphragm includes at least one groove between the locations at which the flexible
diaphragm is fixed relative to the housing assembly and the active portion so as to
relieve any stress on the active portion of the diaphragm.

[0007] In accordance with another aspect, a method is provided of
constructing a sensor assembly of the type including a housing assembly, an electrode
arrangement and a diaphragm having a fixed portion secured to the housing assembly
and an active portion movable relative to the electrode arrangement in response to a
differential pressure applied to opposite sides of the diaphragm. The method
comprises securing the fixed portion of the diaphragm at one or more locations
relative to at least a portion of the housing assembly; and forming at least one groove
in the fixed portion of the diaphragm between the locations at which the diaphragm is

fixed relative to the housing assembly and the active portion so as to relieve any stress

on the active portion of the diaphragm.

General Description of the Drawings



[0010]FIG 2 is a top view of one enbodi nent of a spacer utilized in the
FI G enbodinent. Detailed Description of the Drawi ngs [00l11l] Referring to
FIG 1, aWOoafPd¥sHent of the capacitance sensor assenbl PCIQS2@&I1G4Rd1 t o
nmeasure a pressure relative to a reference pressure. The capacitance sensor
assenbly 10 conprises a housing assenbly 12. Housing assenbly 12 incl udes
at | east two subassenblies, neasurenent subassenbly 14 and reference

subassenbly 16 as rlcal S€ cti.on 18 haV|ng an
openi ng 20 at g)ngslend e%{%cg% \%/T{Aaé u‘? e aaag oseam’tj% eéelps lF3ens

measur ed, harok ﬁiaesadieapf@r@gmc%aaér Bé“sﬁgr@hh@r re@fe@ent'me Sdaats debidnedy, by the
section 18, ning 20 and di aphragm 22 defines a neasurenent chanber 24
for conta@ﬁ%W@*@ﬁe gas whose pressure is to be neasured. The second,

reference subagggably 46, | nckuges & GhibAdT LEAl SEBHL Oft:RRif e%gzgnaend

plate 28 having a first opening 30 for receiving the inlet tu
second opeapanitpn8d sfroer aseoeblyiingrpdretied detmpoecdsrangenant t hat i ncludes a

center electro 6 a ring el ectrode 38, and a getter wn_jn dotted
lines) 40. Thef@)}&i nd&iqg’allz 1080 B QiR "BT%E?’ azs@a“&w@ IZ&biiPed to the
first houpjang suhrssenbly forns a reference gas chanber 42 closed at the
opposite end by the diaphragm 22. The inlet tube 32 is sealed within the
end plate 28 so that gas can be introduced into or renoved fromthe

r ef er enceDgtadled Renprdptigpot thedigiingte tube. The reference gas can be at a
preli Ned reference pressure, in mhlch case the tube can be seal ed cl osed

once the refer ‘i?]epr%esfé{&i%%it% ?Fd.a Qﬁ%odi%%] h'evl g}ifitea%xtgg Ed.prence

gas can be at anbient presstre In case t open. The
el ect r odesss&Gblantod %u@@ntcbmeaﬁad: eudpﬂessupé adetive tdh aaﬂfeaqmeqpe:isatee The

electrically i nsul atln materla}‘ 44 (such as,)g cera .) SO
t hat theycaé)ﬁé“w&ﬁ%}s% rﬁ?&i“ﬂr@Fsa% QB IREASSHBOIY Pt Jg“ﬁ&gﬁs%ﬁ’i“ Y the

di aphr agm and&R6 hi @éa@tefwo &b%@@ﬁﬁﬂxe@'rﬁéﬂ%ﬂﬁenfk@t b%a&%ﬁitﬁ@'lh%nﬁ%fe%cfeor m of a
ring di sposed betw een the di aphragm and el ectrodes so that 4-

el ect r odesut@escarhly B8 Sutmsseadily 4 hamdetlca a;%'bfldlxtéitblS@lﬂgnéﬁd@\’lﬁlg@mmn@ns| de of
e o apns Al e el R aetlifing RRUEAMMEE pRAFEW G vemBh ARG, SRatET TP
diaphragm 22 at the other end. The space defined by the section 18, opening 20 and
diaphragm 22 defines a measurement chamber 24 for containing the gas whose
pressure is to be measured. The second, reference subassembly 16 includes a
cylindrical section 26 having an end plate 28 having a first opening 30 for receiving
the inlet tube 32, a second opening 34 for receiving the electrode arrangement that
includes a center electrode 36 and ring electrode 38, and a getter (shown in dotted
lines) 40. The cylindrical section 26 and end plate 28, when secured to the first
housing subassembly forms a reference gas chamber 42 closed at the opposite end by
the diaphragm 22. The inlet tube 32 is sealed within the end plate 28 so that gas can
be introduced into or removed from the reference gas chamber 38 through the tube.
The reference gas can be at a prefixed reference pressure, in which case the tube can
be sealed closed once the reference pressure is established. Alternatively, the
reference gas can be at ambient pressure in which case the tube is left open. The
electrodes 36 and 38 can be sealed in place with an appropriate electrically insulating
sealing material 44 (such as glass, ceramic,...) so that they are properly positioned
relative to the active portion of the diaphragm and each other. A spacer element 46 is

typically in the form of a ring disposed between the diaphragm and electrodes so that
-4 -



chanber 24 and reference gas chanber 42 are sealed from one another.
Further, the outer portion of the diaphragm?22 is fixed relative to the
housi ng 2X¥9aMH0P3NIA, while the center portion 48 of di aBRTd§a12248pbosi ng
the electrodes is an active portion that flexes by an anount as a function
of the differential pressure applied to opposite sides of the diaphragm 22.
[0013]In operation, the differential pressure applied to the diaphragm can

be measur t t ifference in capacitance betwe t he
active porggi %ﬁct%&@%? 8tdﬁlgr5d§|) érghgr%gg%récf%aanarecléﬁé]gﬁ? e 4Ec 3 ea‘f{gtrﬁ? he
capaci t andephepmwe¥n t he di aphragm 22 and the ring electrode 38. For this
reason the act m\gﬁ egi.ogn 48 of the diaphragm center electrode 36 and ring
el ectrode 38 sHPY bellseiptueera g2tinatcursiey pite sodhxitht Measrpgeisciani th one
anot her, anghiehe4dhanbiAIE 245 BERMR 49 apeeselaa?edfilr% o2 aﬁ&%ﬁ bEGuRe @8 O
provi de correct capacitive nmeasurenents relative to the two el ectrodes.

[ 0014] Dur pwigr persienol yhe dihghrdgraPBriadime@ 2elatsvestoabir Belisirg dshembiousi ngilassenbl y
12 so tha%het he di a hr%gm ids aecur in place around.its Eeri pheral edges
50, by any°SGIFLRBIEOREENE TAPNRETLE HRIOGINEENC Shdrulsiis aReIcH Ve Bortia hided t o
secure th@espagen LhRNERS a AfcABE of 1R & Qe RUP RSP hHAIR 448 oPPeLitQigeD aphr agm
22 should be attached in such a way so as to insure that the neasurenent
gas chambek tho diapheethel r ef er ence gas chanber 42 are isolated from one

th th , i i ned at d dent
Form one. anot nlo ™ Bur R0 PERge Gl OL BES s S BHTE T ERpndlsest e

usual Iy i b neducetad a furnkeod b pler diffeRefaLisi dAgad@hty/ BetROE iHomcdd périidh aphr agm
22 to have sanme distortign in its flatness. This, of course. can introduce
errors in*¢ é’gaﬂ%‘? inpREeH dataenemia clegigde Mesanst Beseapacimass beeresntthe

100151ACC@1%§%% aézn% %ﬁzd IR figsiitaps 8o ﬁ&ﬂﬁ&rr}é&%nttﬁf a&ﬁ)%%%@gﬁé%ecgﬁﬂuéf 10 so

that the di retalns 1ts flatness after IS se elative to
t he housi digpegenbénterldectple Siof anclalihgy ¢letthelesEndonldbs exthted dosthaomsy r uct ed

so as to include, structure for relievi t he chanj cal, stress jn the

2ot ve poP LI K ol LR ah B eagire sna ke P RBCH SRy o6 wldad i n
place. | npéImieBosh & NroSeWhrddBCABIGR! ntlal@8Reh® feBlivE b @R By, form ng
a groove 52 in the diaphragm 22 between the | ocations where the di aphragm

is fixed ¢lettaadese to the housing assembly 10, and the active portion 48 of
t he di aphragm n the. emhodi nent,, descri bed, 4 he enti ri.pher al
portion of theﬁ)g)flgi)hr g‘%ﬁr}gsa?sleg{’gﬁ”s%etcﬁ%phé?%vzéiésstCsur%f{]ﬁ%ﬁg? hgﬂ"%ﬂ%d t he
entire di apbnBem?2 sthdadeptdpbfaghhi 9606y ¢ sheshdubeits péhpierrtgdssoensur e
that any stresses will be acconmobdated by the groove w thout affecting the

active poPY iaBn setablggcapashetagimveldinghadhdsene ey e be vyedder wewicrbel that a
depth to w Clr { f at <l e3; i y) 5:1
provi des agéljt;ee%ﬁglﬁeis()u l?és?h%aﬁg{oh%)@gﬁgmﬁgseégﬁngéré y. h}é‘gg’g%%ﬁog‘g& ?é in
flui d commuehedin archw why emes af inktre thdtahbeareasurghtdt gabeharhbarStr aidate

enbodi mrent showi ng the groove in fluid communjcation with the reference gas
chanber 4FIeTepfesed alin_?gr Phas ilpieg dis pas apribeiciy Be 'g?\ﬁgﬁﬁg‘irﬁéalggg in the
groove 52.anghihOat sshfkstiﬁ@ep'gﬁ@e%‘t'ﬁf@rﬁﬁﬂﬂe shanberpad %%l@ihg%%&% a
differential pressure present on opposite sides of tghe di aphf agm 22.

Accor di ngingchanivel wadskesSue batallg emradueedymabe diapRragmdcaukieg measurcenent 8 gas
en the di.fferenti al

br essur e PETARHEHB i o TIS0BH A G5 of ek 1B BAT A M BrEEeLr 65 f or
whi ch t he$@R$0apasitHRe A8 dements, and thus pressure measurements.
[0015] Accordingly, it is desirable to construct the sensor assembly 10 so
that the diaphragm 22 retains its flatness after it is secured relative to the housing
assembly 12. Specifically, the sensor assembly is constructed so as to include
structure for relieving the mechanical stress in the active portion 48 of the diaphragm

22 after the diaphragm is welded in place. In the embodiment shown, mechanical

stress is relieved by forming a groove 52 in the diaphragm 22 between the locations
-5



100161The spacing el enent 46 shown as a ring is designed to ensure the
fluid conmuni cati on between the groove 52 and the reference gas chanber 42.
Thi s can WO 28310 shed by either naking the inner di aReTAR2YA/0#RE1 1| ng

| arger than the dianmeter of the groove, or form ng apertures or grooves in
the ring that are aligned with one or nore portions of the annul ar groove
as illustrated in Fig. 2, where the spacer is showmn with grooves 56 forned

on the i naﬁérept%tchﬁﬁé'%m 508kl Mhative 1o the Pigt%%]?g;'aslss%mggor %d ﬁh%p reci at ed

that by formng t acl tance sensor asse U¥Bchani cal

stresses patibhe8difaphdagmaghl oms i the ahtaphhagrict@ited, secuiirdpdraihatid ve to
housing in accord%ngfiﬁdth anyﬁnﬁnber of techni ques regardl ess of how nuch
mechani caPo 8P ¢¥sthe CIFRiregm 1P yIXer et B, eRe 0 Pdi iginpular gigindc Bist erttise hni ques
such as GIAWM:QFmP! ﬁﬁt@ep‘ﬂ‘?!)m}@%ﬁ% SeuRmp Qﬁfﬁgeétoto?lsﬁrg thﬁ%& JAg gost of
manuf acturi ng of sensor. 100181The new and | nproved capaclitance Senhsor
assenbl y ant bretchoadnoilatet ebyp thes enbvdiveidions affectas diesadtosegbriiet eifnhe and al

el enent s &P r eof , eﬁEontainedle%hin.tgg SCO eigf at. | east one of the

fol | owi ng"éPYFHE: NSO EPeterrRNGHD: feigringbivel § dapddp ovidth apssidmiant met hod

are neant theQr&®edifs® |1@sﬂ@9pro@9ﬁat@l'&i?5.tlpﬁbﬁviid@§ fRARG: QuIRCGRRABR A (LSt C
n

the interpretation of the clains. hese clains, reference to an el enent
in the sinytil alhe graese 5Pt énded eoonmuzeationevidlhdnonf theorembanl edéd the

speci fica t Lather one.or re." All.structur and
functionabh%gﬁgég%géﬁgkpggpﬁ%g%?%#%ﬁ?%I%Pugﬁgmvngwf%ﬁ?\@ﬁﬁgﬁfg%ﬁ?ge
descri bedgdshyhampbodt. Thisgedils¢h asluif@etihdpraafae boewen ake batiarhegmpve 0 be

known to those of ordinar) skill in the art are expres]¥ i ncor por at ed
herei n by”% 8rEHErEds In rgmgpsrqmgng sbrraber @ 4p avhem dsp tssa ddlassntiah aressuas ms.

Mor eover, I iscl relmn.d.S, bnt : i he
publi c, rgg%%@Fgggﬂ%ﬁgﬁﬁgsﬁggﬁéﬁ%ﬂw%§%E?oggggg?ég%ggTg@ﬂfﬁﬁkﬁgg%ﬁg% in the
cl ai ns. NgroovaiSthaal ehemeakwementbgs cbasmbeusd sbondé ibe tthiek pmovglstcoresnadt 35

U S C 112, sixth paragraph, unless.the elenment is express recited using
the phras¥f¥ ﬂ%ord%g%i“?“q’l PERE a5 &1 dre dNPEIHBY Y@ ‘éi FHS t{‘%éa’égee nt is
recited Uéiifﬂggsnttiﬁleprgﬂbffb%%r"\%Bi%l? tffeQensor iélﬂ@@nie@. claimed is:
[0016] The spacing element 46 shown as a ring is designed to ensure the
fluid communication between the groove 52 and the reference gas chamber 42. This
can be accomplished by either making the inner diameter of the ring larger than the
diameter of the groove, or forming apertures or grooves in the ring that are aligned
with one or more portions of the annular groove as illustrated in Fig. 2, where the
spacer is shown with grooves 56 formed on the inner portion of the ring.
[0017] It should be appreciated that by forming the capacitance sensor
assembly so as to relieve mechanical stresses on the diaphragm allows the diaphragm
to be secured relative to housing in accordance with any number of techniques
regardless of how much mechanical stress is initially created. Accordingly, lower
cost techniques such as GTAW or Plasma welding can be employed so as to lower the
cost of manufacturing of sensor.
[0018] The new and improved capacitance sensor assembly and method of
the present disclosure as disclosed herein, and all elements thereof, are contained
within the scope of at least one of the following claims. No elements of the presently
disclosed system and method are meant to be disclaimed, nor are they intended to

necessarily restrict the interpretation of the claims. In these claims, reference to an
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A capacitance sensor assenbly arranged to neasure a pressure relative to a
reference pressure, the capacitance sensor assenbly conprising: a housing
assenbl y;WaR0BY¥gtipode arrangenent fixedly secured rel aPCFISRY1ORRIhousi ng

assenbly; and a flexible diaphragm having (a) an active portion and
(b) a fixed portion fixed at one or nore locations relative to the housing
assenbl y; wherei n the housing assenbly supports the di aphragm and

el ectrode N .a_space | ationship wth one another. suych that
the acti varssRaRF dhe R AP BRF e by PLUE ST aPu oS rhss areticr e

ar r angenesit staied, @ pahse ére @ @biel erantiradtupl ess WiRi8RA! dg@f aled0BRASi t e
sides of the active portion of the diaphragm and wherein the

di aphr agn¥'PREMadéShararieasembelimgis slrecwdvibenchpiet thiscdisilonse abatwiie ch t he

fl exi bl e Q{(ﬁ’ﬂh&aﬁwr'@n{e' 8¢ Kehat Vol ﬁgl%i&?uéf(irﬁgin ?u? %xqb 'Ar eanrds%\b e active
portion so as to relieve any stress on Phe “acti ve portion o the i aphr agm
2. A capaokopnogedsiensiorbyasgeatkyaaicooningedi o el dicompassed ey ehdclhing. gr oove
isin f|ﬁ$P connuniﬁati n with one side of the active portion of the

di aphr agm" OT¢OVer: NFNINA €3 88ﬁp5@€3‘é%dgﬁPdﬁké%ﬂﬁﬂﬂeﬁﬁééﬁdpnﬁmtéu@ﬁain12,
wher ei n t RealRUS NG HRERETREL disslosRBSE LUSi &S $Qi@S b nd BElHAe \g Ligference
chanber on one side of the active portion of the dlap ragm for receiving a
r ef er enceclgaent iane ba corssgd emdert the rambepnonf $Hé).51har 13 dethqfardgnephact i ve
portion for, receiving the gas whos ressure is . to be peasured relative to
t he refer%ﬁ%g%é%gk”mgtwf“p%sgﬁﬁ§§8§8gp§ﬁ3@ﬂggﬁsSﬁ”ﬁ%ggnﬁﬁjné%%ﬁ?ap g to
claim 3, whetpiridnehkeli@ntacgas dsheahe pRlbenteogssure. and further
including an inlet for introducing a gas at anbient pressure into the

ref erence chanber.



WO 2012/ 003110PCT/ US2011/ 041211 5. A capacitance sensor assenbly
according to claim3, wherein the reference gas is at a predeterm ned
pressur e, WaRE1240981Ber i ncl uding an inlet for introduci n§CA/UALI144#1241
reference pressure into the reicrence chanber. 6. A capacitance
sensor assenbly according to claim3, wherein the reference chanber and
nmeasur enment chanber are seal ed from one another. 7. A capacitance
sensor as%g??g rding to claim®6, wherein the el ectrode arrangenent is
secured withi klsyctlﬂge}féraelger ence chanber. 8. A capacitance sensor
assenbly according to claim7, wherein the el ectrode arrangenent includes a
ring el ectrodeland & ceatiencetestrssenbleachngdac edasurpn edatet mimed di st ance
relative go the active I%orti on of the di a?hﬁ%g\tm . 9. A capacitance
sensor  as et OREBr T thE SARICHARCIENH AFE Y HERJHRie is in fluid
comuni cation with the reference chanber. 10. A capacitance sensor
assenbly accor dhpgsih@asb@biy 1, further including a spacer ring secured
relative to the diaphragm and el ectrode arrangenent so as to nmintain the
spaci ng between the dji aphragm and the el ectrode arrangenent at a

predet er mi ned & slesieds Bungementthediyseswed pdrtiviedn the hoxsiss pesembiyiend o t he

el ectrode arrangenent through a predeterm ned range of differential
pressures appli ] i q f. L 1 rtd : i aphragm
11. A capaci ta%?gxgsb%ngg@{?g%égﬁﬂlg%%caggf Eﬁ%&}?%}‘ gﬁ%ﬁ)&a%eg\ﬁg;e@%inﬁ(etg he spacer
i s fornedasmeas mae &ldabunsatlalieast tha hpaoving awseroblyt he groove of the di aphragm
to be in fluid conmunication with one side of the active portion of the
di-aphragm wherein the housing assembly supports the diaphragm and electrode
arrangement in a spaced relationship with one another such that the active portion of
the diaphragm flexes relative to the electrode arrangement in response to a differential

pressure applied to opposite sides of the active portion of the diaphragm; and

wherein the diaphragm includes at least one groove between the locations at
which the flexible diaphragm is fixed relative to the housing assembly and the active

portion so as to relieve any stress on the active portion of the diaphragm.

2. A capacitance sensor assembly according to claim I, wherein the

groove is in fluid communication with one side of the active portion of the diaphragm.

3. A capacitance sensor assembly according to claim 2, wherein the
housing assembly is constructed so as to include a reference chamber on one side of
the active portion of the diaphragm for receiving a reference gas, and a measurement
chamber on the other side of the active portion for receiving the gas whose pressure 1s

to be measured relative to the reference gas.

4. A capacitance sensor assembly according to claim 3, wherein the
reference gas is at ambient pressure, and further including an inlet for introducing a

gas at ambient pressure into the reference chamber.



12. A capacitance sensor assenbly according to claim11l, w herein the
groove of the diaphragmand the one side of the active portion of the

di aphr agnWpaeey0éH0a ref erence gas. 13. A capaci t anc&CEapnsyd/o4rdenbl y
according to claim 12, wherein the lice gas is at anbient pressure. WO
2012/ 003110PCT/ US2011/ 041211 14. A capacitance sensor assenbly
according to claim 12, wherein the reference gas is at a reference

pressure. 5 15A

itance sensor assenbly according to claim 11
/herein the spacer in@?gca%ggéaseﬁf(ﬁrraéﬁn? }’8?006?18%{%@?’“%%@?‘59%{?1?@%%d with the
groove of rdftrenchi @phy agrpredri@min mbdsow, hkdiugkheompMAingahniigR: RRt ween t he
groove and one . 16. A capacitance sensor assenbly according to
claim1, WH@BB?‘Hg?ﬁéS YiddpFraymPrasswe siip dif reberense chanimg assenbly entirely
around the fixed portion of the diaphragm and the groove in the diaphragm

I's an annul ar groovR.capacitance skhsorRsGQARAE iié(%%ﬁ% §oe<,rl§i9xf 3?\%1%&5%’9'&(% according to

claim 16, further including a spacer ring secured relative to the diaphragm
and el ect reddencrehampenentmssuasicnochmaibet aierseslbhé fropamiengotiet ween t he

di aphragm and the el ectrode assenbly at a prefixed di stance so that the
active portion,flexgs relative to the electrode arrangenent through a

pr edet er ni ned ?'angegoc’rap%clléfl%erSgﬂfqra?ﬁse&bi%g(if% ng Kbty ’tygg%f)‘ﬁég‘?te si des of
the acti velepesdel Pan@mdéties @aRhragm tHehefefPas efanittel uding a plurality of
grooves, each aligned with the annul ar groove of the diaphragmso as to

mai ntain the groove of the diaphragmin fluid communication with one side
of the active porti OrFBIcIRAE YnaRpssgraly according teaclaim fetvhseindke const ruct i ng

a sensor I : L,Ncl wel . ' I ctrode
arr angerre?nit% étan %ragé%r% r é%% 33?%5%2&9? Qﬂﬁ%?%@%ﬁ@?@ﬁ?éﬁ% %ﬁtc ﬁaeghousi ng
assenbl y prdetammiaed dis@nporeldton torteablie petiat bihetdaphhenel ect r ode
arrangenent in response to a differential pressure applied to opposite

si des of the dbaphr%%%at.he nmet hod conprisin

citance sensor assembuly accoraqhg to claim 3, wherein the

groove is in fluid communication with the reference chamber.

10. A capacitance sensor assembly according to claim 1, further including
a spacer ring secured relative to the diaphragm and electrode arrangement so as to
maintain the spacing between the diaphragm and the electrode arrangement at a
predetermined distance so that the active portion flexes relative to the electrode
arrangement through a predetermined range of differential pressures applied to

opposite sides of the active portion of the diaphragm.

I1. A capacitance sensor assembly according to claim 10, wherein the
spacer is formed so as to allow at least a portion of the groove of the diaphragm to be

in fluid communication with one side of the active portion of the diaphragm.

12. A capacitance sensor assembly according to claim 11, wherein the
groove of the diaphragm and the one side of the active portion of the diaphragm

receives a reference gas.

13. A capacitance sensor assembly according to claim 12, wherein the

reference gas is at ambient pressure.



securing the fixed portion of the diaphragmat one or nore |ocations
relative to at |east a portion of the housing assenbly; and form ng
at | east WAQIEYMWEMB in the fixed portion of the di aphragfT8e2tia@mi2ihe

| ocations at which the diaphragmis fixed relative to the housing assenbly
and the active portion so as to relieve any stress on the active portion of
t he di aphragm - WD 2012/ 003110PCT/ US2011/ 041211 19. The met hod

according to claim18 rein _securi t he fixed portion of. the di aphragm
i ncl udes wel di %% th%\?%P?@%ﬂ%%%%“.S%fna%?nq‘?w%ﬂfa*eﬁ?%&mmEbaw’b%w f of the
housi ng asdembteygas is at a refe2éhce Pagsivet hod according to claim 18, wherein
formng at | east one groove includes el ectro-di scharged nachining the
groove in the fixed portion of the diaphragmafter the di aphragmis secured

in place. 1.The met RodPACEBFE PO S ey prangding (@ ¢lpisn H riehareiniiee securing a
spacer ri BehcbehWRass § PG fh o6t %ﬁg%saéarcﬁwgmﬁmg g%rﬁ@veﬂifqg A to
rtion o e di aphragm

fix the gap spacing between the active p nd the
el ect r odesany @rdleweihtid communication between the groove and one .

16. A capacitance sensor assembly according to claim 1, wherein the
diaphragm is secured to the housing assembly entirely around the fixed portion of the

diaphragm, and the groove in the diaphragm is an annular groove.

17. A capacitance sensor assembly according to claim 16, further including
a spacer ring secured relative to the diaphragm and electrode arrangement so as to
maintain the spacing between the diaphragm and the electrode assembly at a prefixed
distance so that the active portion flexes relative to the electrode arrangement through
a predetermined range of differential pressures applied to opposite sides of the active
portion of the diaphragm, the spacer including a plurality of grooves, each aligned
with the annular groove of the diaphragm so as to maintain the groove of the
diaphragm in fluid communication with one side of the active portion of the

diaphragm.

18. A method of constructing a sensor assembly of the type including a
housing assembly, an electrode arrangement and a diaphragm having a fixed portion
secured to the housing assembly and an active portion movable relative to the
electrode arrangement in response to a ditferential pressure applied to opposite sides

of the diaphragm, the method comprising:

securing the fixed portion of the diaphragm at one or more locations relative to

at least a portion of the housing assembly; and

forming at least one groove in the fixed portion of the diaphragm between the
locations at which the diaphragm is fixed relative to the housing assembly and the

active portion so as to relieve any stress on the active portion of the diaphragm.

- 10 -



22. The nmethod according to claim?21, further including formng at | east
one groove in the spacer so that the groove in the spacer is aligned with

t he gr ooWsO0i2l1%0Ré118i aphr agm so that the groove in the diP&HARAYA#RII N f| uid
comuni cation with one side of the diaphragm 23. A sensor assenbly
conprising a housing assenbly; an el ectrode arrangenent and a

di aphragm having a fixed portion secured to the housing assenbly and an

active portion va i .el.ectrode arran t .in response to
a differential lg!r)es?alrgg{egﬂbp %C\eé%ding% %gg%@i 1t%é élgﬁlensse(g?rl?gﬁ‘ggggﬂﬁ?%@m

wher ei n t loéthei digpdirquon friconleoivetdiey it dipbd pmoh o SRCUEREa @ (ORBo@ion TP €

| ocations relative to.at |east a portion of the housing assenbly; and at

| east one Ul W‘@giaésef@?%ed in the fixed portion of the di aphragm between
the locations at which the diaphragmis fixed relative to the housing

assenbly and t 0. actihyedaiddc0ftdiR Belahf 1I8ekhE¥H BMYinglk R3S QU the active
portion of the diaphragm -
groove includes electro-discharged machining the groove in the fixed portion of the

diaphragm after the diaphragm is secured in place.

21. The method according to claim 18, further including securing a spacer

ring between the electrode arrangement and the diaphragm so as to fix the gap spacing

between the active portion of the diaphragm and the electrode arrangement.

22, The method according to claim 21, further including forming at least
one groove in the spacer so that the groove in the spacer is aligned with the groove in
the diaphragm so that the groove in the diaphragm is in fluid communication with one

side of the diaphragm.
23. A sensor assembly comprising
a housing assembly;
an electrode arrangement and

a diaphragm having a fixed portion secured to the housing assembly and an
active portion movable relative to the electrode arrangement in response to a

differential pressure applied to opposite sides of the diaphragm;

wherein the fixed portion of the diaphragm is secured at one or more locations
relative to at least a portion of the housing assembly; and at least one groove is
formed in the fixed portion of the diaphragm between the locations at which the
diaphragm is fixed relative to the housing assembly and the active portion so as to

relieve any stress on the active portion of the diaphragm.
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