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the name of Steven D. Blankenship, and assigned to the present assignee (Attorney docket

number 056231-0984 (MKS-217PR)), which application is incorporated by reference in its

entirety.

BACKGROUND

[0002] This disclosure relates generally to a capacitive pressure sensor, and more
particularly to an improved sensor providing very precise and accurate measurements of

pressure, particularly at very low (vacuum) pressures.

[0003]  Pressure transducers have been employed in a myriad of applications. One such
transducer is the capacitive manometer which provides very precise and accurate
measurements of pressure of a gas, vapor or other fluid. Applications include precision
control of vacuum based processes and semiconductor process control. Examples include

semiconductor etch process and physical vapor deposition.

[0004] Capacitive manometers typically use (a) a flexible diaphragm forming or including
an electrode structure and (b) a fixed electrode structure spaced from the diaphragm so as to
establish capacitance there between. Variations in pressure on one side of the diaphragm
relative to the pressure on the opposite side of the diaphragm causes the diaphragm to flex so
that the capacitance between the electrode structure of the diaphragm and the fixed electrode
structure varies as a function of this differential pressure. Usually, the gas or vapor on one
side of the diaphragm is at the pressure being measured (Px), while the gas or vapor on the
opposite side of the diaphragm is at a known reference pressure (Pr), the latter being at
atmosphere or some fixed high or low (vacuum) pressure, so that the pressure on the
measuring side of the diaphragm can be determined as a function of the capacitance

measurement.

[0005] Many applications requiring extremely low pressures (high vacuum) have been and

continue to be developed resulting in the need for capacitive manometers capable of
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an electrode structure and (b) a fixed electrode structure spaced fromthe
di aphragm so as to establish capacitance there between. Variations in
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capaci t arf@(ﬁﬂpet %@itz&%@m@%hf@rﬂeﬁk apé 545&Bon the well known equation for parallel plate

capacitance C:
C= eieoA/s,

where C is the capacitance between two parallel plates,

e, 1s the permittivity of free space,

e, is the relative permittivity of the material between the plates (for vacuum, e, = 1),
A is the common area between the plates, and

s is the spacing between the plates.

[0008] Based on this equation, one can derive the relationship that the fractional change in
capacitance is equal to the negative of the fractional change in electrode gap spacing for each

measuring electrode (AC/C = - AS/S).

[0009] It can then be readily seen that it is critical to maintain good control over the
clectrode gap spacing in order to provide stable control over the capacitance of each
measuring electrode. In a simple dual electrode design, these effects are balanced to a first
order at zero differential pressure for a flat diaphragm and electrode structure (each having

different real values of flatness and inclination deviation from true plane) for a given
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e0 is the permttivity of free space, er is the relative permttivity of
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gap stability control at low pressure measurements so as to improve the measurement

capabilities of the manometer at lower pressures.

[00011] Reference is made to U.S. Patent Nos.7757563; 7706995; 7624643; 7451654;
7389697; 7316163; 7284439; 7201057; 7155803; 7137301; 7000479; 6993973; 6909975,
6735845; 6672171; 6568274; 6105436; 6029525; 5965821; 5942692; 5932332; 5911162;
5808206; 5625152; 4785669 and 4,499,773; and U.S. Patent Published Application Nos.
20090255342; 20070023140; 20060070447; 20060000289; 20050262946; 20040211262
20040099061 ; all assigned to the present assignee.

SUMMARY

[00012] In accordance with one aspect of the improved capacitive manometer, the
manometer comprises:

a diaphragm including (a) a common electrode and (b) an electrode structure
including a center electrode and ring electrode, wherein the diaphragm is movable between
(1) a zero position when the pressure on each side of the diaphragm is the same and (ii) a
maximum differential position when the maximum measurable differential pressure is applied
to the diaphragm, and

a support structure arranged so as to support the diaphragm so that the diaphragm
is constrained relative to the electrode structure, and the common electrode is spaced from
and axially aligned with the center and ring electrodes relative to an alignment axis of the
manometer;

wherein the electrode structure is secured relative to the diaphragm at at least three
clamping locations angularly spaced around the alignment axis; and wherein the angle

defined within each right plane containing a point of constraint of the diaphragm and the

DM_US 27630428-1.086400.0059



[ 00010] There is a need for a capacitive pressure manoneter capabl e of

i nproved el ectrode gap stability control at |ow pressure neasurenents so as
t o i nprowEoRha/92A8uUr emrent capabilities of the nmanomet e PCAIUSR@OWOR3384

pressur eg, @%@i&] Reference is made tg U S. Patent Nos.7757563; 7706995;
7624643; V7% /" 7389697; 7316163; 7284439; 7201057; 7155803;

point of each clamping location relative to the plane of the diaphragm in the zero position is
between 60° and 90° so as to reduce changes in electrode disk support height, enable smaller

gaps and improved stability between the diaphragm and electrode structure.

[00013] In accordance with another aspect of the improved manometer, the manometer
comprises:

a diaphragm including (a) a common electrode and (b) an electrode structure
including a center electrode and ring electrode, wherein the diaphragm is movable between
(i) a zero position when the pressure on each side of the diaphragm is the same and (ii) a
maximum differential position when the maximum measurable differential pressure is applied
to the diaphragm;

a support structure arranged so as to support the diaphragm so that the common
electrode is spaced from and axially aligned with the center and ring electrodes relative to an
alignment axis of the manometer;

a spacer ring including a plurality of tabs; and

a clamp arranged to clamp the electrode structure to the spacer ring at the location of
each of the tabs so as to define a plurality of equiangularly spaced, clamped locations around

the alignment axis.

[00014] These, as well as other components, steps, features, objects, benefits, and
advantages, will now become clear from a review of the following detailed description of

illustrative embodiments, the accompanying drawings, and the claims.

BRIEF DESCRIPTION OF DRAWINGS

[00015] In the drawings:

[00016] Fig. 1 is a cross sectional view of one embodiment of a sensor, along the axis of a

sensor, incorporating the improvements described herein;

[00017] Fig. 2 is a more detailed, cross sectional view of a portion of the embodiment of

Fig. 1, showing geometric details of improvement;

[00018] Fig. 3 is a geometric diagram for illustrating some of the geometric features of the

Fig. 1 embodiment;
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7137301; 7000479; 6993973; 6909975; 6735845; 6672171, 6568274; 6105436;

6029525; 5965821;
WO 2011/097249 PCT/US2011/023384

086400-0059 -5-

[00019] Fig. 4 is a top view of a spacer used in the sensor;
[00020] Fig. 5 is a more detailed, axial cross sectional view through a portion of the sensor;
[00021] Fig. 6 is a top view of the spacer used in the improvement detailed in Fig. 7; and

[00022] Fig. 7 is a more detailed, cross sectional view of a portion of the embodiment of

Fig. 1, showing details of an additional improvement.

[00023] The drawings disclose illustrative embodiments. They do not set forth all
embodiments. Other embodiments may be used in addition or instead. Details which may be
apparent or unnecessary may be omitted to save space or for more effective illustration.
Conversely, some embodiments may be practiced without all of the details which are
disclosed. When the same numeral appears in different drawings, it refers to the same or like

components or steps.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[00024] Tllustrative embodiments are now discussed. Other embodiments may be used in
addition or instead. Details which may be apparent or unnecessary may be omitted to save
space or for a more effective presentation. Conversely, some embodiments may be practiced

without all of the details which are disclosed.

[00025] Capacitance manometer 10 shown in Fig. 1 includes a housing 12 for supporting
fixed electrode structure 14 and flexible diaphragm 16. The housing 12 can include process
housing section 18 and reference housing section 20, the two housing sections being divided
by the flexible diaphragm 16. The process housing section 18 includes Px cover 22. The
reference housing section 20 includes a ring 24 and Pr cover 26. In the illustrated
embodiment, the ring 24 of the reference housing section 20 includes a hollow cavity 28 for
receiving and supporting the fixed electrode structure 14 and flexible diaphragm 16 in a
predetermined relationship so that they are maintained in a stable, spaced relationship
separated by a predetermined sized gap 30. As shown, the fixed electrode structure 14
includes a substrate 32 made from an electrically insulative material, such as a ceramic
material, and formed into a rigid, non-flexible structure. A lip 34 can be provided at the
periphery of the substrate 32 for engaging a shoulder of a spacer ring 36 provided in the

housing 12, and secured in place with locking ring 38 and a wave spring 40. One or more
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5942692; 5932332; 5911162; 5808206; 5625152; 4785669 and 4, 499, 773; and
U. S. Patent Published Application Nos. 20090255342; 20070023140;
200600704%0;20200613000289; 20050262946; 20040211262; 200£00330@1/023384

assi gned %g @Qﬁ resent assignee. SUVMARY [00012] In accordance with one
aspect of’ ﬁ)'lﬁgroved capacitive nanoneter, the manoneter conprises:

a di aphragmincluding (a) a common el ectrode and (b) an el ectrode structure
including a center electrode and ring el ectrode, wherein the diaphragmis

nmovabl e between (i) a zero position when the essure. on each side of the
T e b o i S5Erts L e bR P RS i e e Ble e Miabingda f PrrCtiten ™t e

maxi num ReRsurabdditinf bes entioré tih @psdere43 snaPRd ued {oocdnhénishtigpht agm and
wavespring cavity height to a predetermined value in order to set the clamping force to a
predetermined value consistent with the design objectives of overpressure capability and the
frictional binding forces necessary to clamp the electrode disk structure in a stable geometric
relationship with the common electrode diaphragm 16, housing ring 24 and radially
compliant spacer ring 36. In one embodiment the size and shape of the substrate 32 can be
such that when positioned between the spacer ring 36 and the locking ring 38, the substrate
will be precisely positioned within the housing 12 so that the center of the fixed electrode
structure 14 is centered on central axis 42, with adequate radial spacing between the substrate
32 and housing ring 24 and spacer ring 36. This effectively reduces the stray capacitance
between the electrodes and the metal housing 24 as well as the change in stray capacitance
for a small change in radial position of the electrode disk. The wave spring 40 is designed to
contact and exert an axial force on the lip 34 of the fixed electrode structure 14 through the
radially flexible, locking ring 38 and thin spacer 43 at at least three places, equiangularly
spaced in 120° around the axis 42. Similarly, the wave spring 40 is designed to contact and
exert a counter force on the Pr cover 26 at at least three locations displaced 120° around the
axis 42, and 60° from the locations of contact with the lip 34 of the fixed electrode structure
14 when the manometer 10 is completely assembled. The fixed electrode structure 14 also
includes a center electrode 44 concentrically positioned relative to the center axis 42, and an
outer electrode 46 preferably in the form of a ring concentric with the center electrode 44 and

the center axis 42.

[00026] Flexible diaphragm 16 is either made of or is provided with a layer or coating of
suitable conductive material so as to form a common electrode. Diaphragm 16 is secured to
the housing so as create process pressure (Px) chamber 50 on one side of the diaphragm and
reference pressure (Pr) chamber which includes gap 30 on the other side of the diaphragm. It
should be noted that paths can be provided between the flexible diaphragm and the reference
housing section 20 (through, for example, reduced thickness parts of etched spacers) that
allow pressure to be equalized between the gap 30 and the rest of the Pr portion of the
housing. The diaphragm is secured to the housing so as to seal the process pressure chamber
50 from the gap 30 of the reference pressure chamber so that the two chambers can be

maintained at different pressures. The gas or vapor to be measured can be introduced into
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a support structure arranged so as to support the diaphragmso that the
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reference®chamber inchiding gap 30 contains a gas or vapor at a predefined reference
pressure. It should be noted that the two chambers can be reversed so the reference pressure
chamber functions as the process pressure chamber, and the process pressure chamber
functions as the reference pressure chamber, where for example that process gas is inert with

respect to the electrode and other materials provided in the chamber including the gap 30.

[00027] Center and outer electrodes 44 and 46 are preferably flat electrodes disposed on the
surface of the substrate 32 so that the electrodes preferably are of uniform thickness and all
lic in the same plane. Suitable electrical leads (not shown) are respectively provided for the
center and ring electrodes 44 and 46. In one embodiment the common electrode diaphragm
16 is formed integrally with housing section 20 which is the electrical connection. Another
possible construction could be with an electrical lead (not shown) provided for the common
electrode of diaphragm 16. In the preferred embodiment, electrical guarding 45 on the
substrate 32 is provided for the measuring electrodes in order to control electrode fringe
capacitance, minimize stray capacitance to the housing 20 and condition the dual electrode
capacitance balance at zero differential pressure. The leads are suitably connected to a

capacitance measurement device (not shown).

[00028] Diaphragm 16 is preferably secured within the housing so that the plane defined by
the common electrode is substantially parallel to the plane of the center and outer electrodes
44 and 46 and electrical guard 45 when the pressure is the same on both sides of the

diaphragm, i.e., there is zero differential pressure. When a gas or vapor introduced through
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appears 1n erent It e conponents or
st eps. the periphery of the electrode dlSk as shown in Fig. 1, that any changes in these strays due to

potential slight lateral displacements of the electrode disk are a much smaller fraction of the
sensor capacitance stroke and thus allow for much more precise measurements of differential
pressure without introducing changes in the sensor output that are unrelated to the pressure
measurement. The pressure in the process pressure chamber 50 is thus a function of the
measured capacitance between the common electrode of the diaphragm 16 and the center
electrode 44 and the measured capacitance between the common electrode of the diaphragm

16 and the outer electrode 46.

[00029] As such, predefined capacitances are established between the common electrode
structure of the diaphragm and each of the center and outer electrodes 44 and 46, such that
when the differential pressure on the diaphragm is zero, the structure defines a measurable
“base” capacitance. In practice, the base capacitance is the sum of the active capacitance at
the electrode gap and the stray capacitance to the housing. In addition, when the diaphragm
is exposed to the maximum measurable differential pressure the common electrode structure
of the diaphragm will be deflected relative to the electrodes 44 and 46 so as to define the
“stroke” of the sensor. One measure of the stroke of the sensor is the “capacitance” stroke
which is equal to the difference between the center electrode 44 capacitance to the common
electrode of the diaphragm 16 minus the outer electrode 46 capacitance to the common
electrode of the diaphragm 16 between the zero differential pressure and full scale differential
pressure. The maximum change in the diaphragm deflection from zero differential pressure

to the full scale value is the span of the diaphragm.

[00030] One of the key parameters that define the range of the sensor is the electrode gap

spacing which is equal to the distance between the plane of the common electrode structure
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di aphragm 16, houysin i.ng. 24 and .radi al 0 I ant acer.rin 6. In one
erbod menrpig ol i C Rl BRF oA Bk, SR IR AR T R e

posi t i onettctoatevgrp mpdcing. ot it isrgmBHn prdtitchie thoiakisig to redgee3Bg effdaeof

substrate, w | I. eci sel ositioned within th ousi.ng 12 so that the
conter oftss if s Begt e vdgears herame e B ORTeds SRIER AEnERaE R o o,
w th adeguat® dvadihal clspadt rgp Pedcwgemroting Auhst &bhfced Ztadildy GUBd Bghssd Ng 24
and spacer ri .36. This effectively reduces the stray capacitance between
the el ectPbies'™¥hy eﬁﬂ?élaﬁréff%ﬁor‘r%tu‘ﬁl?er’?gm?Elea?r%eﬂxirefﬁ Y{‘CP%P‘E? Ho&" ray

capaci t amgeust of nadroSdMdckrogh@pge i n radi al position of the el ectrode disk
The wave spring 40 is designed to contact and exert an axial force on the

lip 34 of fixed el ectrode structure 14 through the radially flexible,
ook ng. 0B s iy il S e e eyt o |y
spaced i prebdPO sadsorngb hbEep@Xéss AL inhdidit leREdryle EdpestbiNG SRiiitddgfod Qtdbe
designed to contact and exert a counter force on the Pr cover 26 at at

| east t hPEBSYIRHL P %@eﬁﬂ§éP&B§§mfﬁo around the axis 42, and 60 fromthe

| ocations of contact with the hp 34 of the fixed el ectrode structure 14
when t he [map}erm pr&&lni é;iscﬂ@lil’ﬁﬂ dbelbys alséaﬁaihbﬁdlanoﬂmﬁih mctheheelgilnrcﬁudeof 4
structure 14 also includes a.center el ectrode 44 concentrjca positione
rel ati ve 19958 PRAHICR BTy %ﬁwf? bSW&e‘hﬂ‘eélt?Pg’iag‘@Ia&ﬂﬁ}%ﬁta%fé%ﬁ%%% éﬁ ably in the
form of  amalld?GaSiha Sitaurémdtd 6F 16WE GEGERTl SleQGick OUEprdddABdudhasuteRter axis
42. [00026] . Flexi bl e diaphragn 16 is either made of or is provided with a
| ayer or RegHmPRgrakstabifity abihe Serlretpdrecendy Bprard sopegilly gherelseiipds ddkmon

el ect r odeegiddaARNKAIMsP&t i 12 WdphRIM AN rRDUSHRGNS BordfichE 8 &pBIiARESS
pressure (Px) chanmber 50 on one side of the diaphragm and reference
pressur e 3gPRY  eHeRPernfileneeh FUsh| At elSMPAPUBD RHOMPIEC OPISEHICs | QNSTRHESSHRe

dii aphragmechdnicaP o8l 08 ViIRLRA, thaf s&%%ra?@eﬁbr?%a%&vdd‘aﬁegseﬁ%i%% delie

f1 exi bl e diaphragn and the reference housing section 20 (through, for
exanpl e, stredweedciuf clasede sar tspacie, etledede diiaced fectrpda distarony. priE¥sure to
be equal i . . .£S rty he
housi ng. nzll' e@ﬁ%‘gﬁ@%ﬁq@?{gﬂgﬁgﬁgﬁﬂglgét é’& lﬁ%aosr?l%g&%gdlgér (?g Esﬂtfz?anSt8 ﬂ%ﬁdpr ocess
pressure chanmber 50 fromthe gap 30 of the reference pressure chanber so
that the two chanbers can be maintained at different pressures. The gas or
vapor t o PH&PHEEsUrel™®an be introduced into - 7 - process chanber 50
through a gas inlet 52, defined in part of the Px cover 22. Under nor mal
operation, capacitance nmanoneter 10, functions as an absol ute pressure
sensor and the reference cavity 28 (and el ectrode gap 30) are seal ed off
under vacuum and in one enbodi ment the reference housing section 20 is



[ 00027] Center and outer electrodes 44 and 46 are preferably fl at

el ectrodes di sposed on the surface of thc substrate 32 so that the
eIectrodeUOpDHﬂBmably are of uniformthickness and all PC&uUSpo1n/a233841ME

pl ane. ?éﬁﬁdﬁ ?Iectrical | eads (not Z@OMM) are respectively provided for
t he cent P ng el ectrodes 44 and I n one enbodi nent the conmon

el ectrode diaphragm 16 is forned integrally with housing section 20 which
is the electrical connection. Anot her possible construction could be W th

an el ectrjcal wn rovided for t 0 n electr

G aphr agiieneenel GOTHANGE SFOTTL BB ANKI S Bk ETUAE S dh R B ¢ he
substr at @eqdde ilss Plearbdeginfagd ckhisit FBAELHiAYnAbEe@l b aEeR of RsOdlEetical %1@0 ntr oI

el ectrode frin%E capaci tance, mnimze stray capacitance tqg the housing

and condi®f{ B#® téerorﬁ%ﬂ stabil gy prréRymapcsydicn Campaed it RIRE art Aensors oy e?astr@}gent. aI
preSSUfec&BﬁuMﬁ@ﬂﬁlﬁﬁ@ %%hﬁ@ﬁhgmcQﬁﬁ%ﬁ%ﬁﬂu&%damﬁﬁﬁﬁ&hEaﬁﬁ&e%ﬁﬁ§NM%@?nt

devi ce (not shown). 8 Di aphragm 16 is preferably secured within the
housi ng doV¢ mssqrnéwp aw@u@émﬁ med Ipy desericebpgitsnand] kegtel oreall zere ipRititint i al | y
paral | el pboiafiol,@Rirdlbut A BN &7 rediR BHbREERELEOAGS i, @Nfid fhaand
electrlcal guard 45 when the pressure is the same on both sides of the

di aphr agm pressare), redyeedetempergtaresogificfeats apd fedicegrereditifte. \When a gas or vapor

i ntroduced through inlet 52 into the process pressure chanber 50 is at a
differ ento(mef SPHiét éﬁ“&ﬁ” bNRhlel 8" fEE BIRSS YhE b'eﬁlve(e@ftﬁ‘er SRGR e Pl the

di aphragmwi Il flex and the capacitance between the compn el ectrode of the
di aphr agiiapBragimdnglnde walpe theelradng breing 4val jomeg@st thamehte 8 paticnahtoe

di fferent,;f, f oo LARAAIH RRGE WL HE B rid fr Hi & NBut
dlaphrag%tnlémag]r?cjJa ﬂ% out & f%e|§8?r8§§ 4%§§%?£§§¥?%§Ié&ﬁﬁrﬂgﬁ5 P%duces t he
par asi t i enakingdle Rydypasing walt thitnet tndwing theetop| cdaserrto dwsli grmlalporm@é@mﬁg by

bl ocki ng g4t h t Y, 0 S ciated
that by (i TepBf 0l ¢ 0eSHIRATOWR ot B R Mlying S Al BRREE 2, 2
subst r at en®Zuréred wh@lusssn@e rAr ngig24epasgagivoatortionFgagsed 1y thncfoﬂgys pllda@dn:g' an

el ectric a tne perigh t d i sk a in Fig.
1, that Zthe)rllgét:llhdg nerglgtla? %xqaﬁselos N nil IB %Eé’n&uselnttge surkage ang 8n ﬁle gsgnsof d 1\éer%a y
d|spIaceMmmheumﬁnﬁhﬁeeMEnWmodemﬁmeﬂmmmﬁlamngch smal l er fraction of the
sensor capacitance stroke and thus allow for nuch nore precise neasurenents
of d|ffer Ssu thou o] i C in.the s ut put
that are @ﬂ%gfat ﬁ% gm%rgssépgp%éagﬁggﬁgﬁt&%#%%ﬁ ?e%%u$% %ﬁagnépprocess
pressurenmhmmheraﬁOmDWntthmaIﬂmnonJdmphﬁgmﬁe mem@mﬂbd)omp@ﬁnﬁanﬂewbetmeen
t he conmon Iectr f the d| t he cente electr

the measdruteBsatnt fesiep B RN B dRl widt h oty RRE R Brhgm 16
and the ouhemmaheanmoﬁemﬂﬁeh@@&ﬁﬁ@@awﬁasumhwdpkematmmedmaabawnm@pmms are
est abl i shed bet ectrode str c re of the diap and
cach of thardeHP B S L PR ERE ST UHOG oG P R E LR Bho
differ entpkca/ﬁdeﬂ B vevOprinBendd sﬁmﬂi agPigl 3) &eit GasttthRe PHIUC bl 6f wWeith pes a
nmeasur abl e capacit ctice, the base capaC|t?nce i.s the sum

of the a&qlve%&aaacn@éﬁee tCOP%@C%q%@fIP%@dGeSO&Q&n&Iﬁ oRped Bspyegy ICupBAPt ance t o
t he housigh@yheteh@diaHrdgaiis 2MAHBBd fohBe Hh@ENUNAIRB TbSusHYRP I I hé@ tHchRialMB¥damum
measurabl e differential pressure the common el ectrode structure of the

di aphr agi®®vit pIPligd tog@pineit Bg cleglrede; syractiss ik plce| Ebif paged havadi4a6 B as to
define t hgial SEidAE froR tht RSis TRIR AL axiPAS iHTAS U5 efqte &her oF RK6Ci f phi sensor
is the "capacitance" stroke which is egual to the difference between the
cent er elvéderrtbyidapidaganis aisahghsach 3 poie 0 dnibe nared. a6 ragerddie axite di aphr agm 16
m nus the outer el ectrode 46 capacitance to the common el ectrode of the

di aphr agrmob@apetytemaﬁtt@ s B2 pRisbit @p§Ohdnae RIhRSSHPLcAREudiHE bndGRhfhe
differential pressure he maxi num change in the aphragntdeflectlon from

zero di f flerdshragm PrddBeelpcrode stryerire withingheamanopgrarso psstotpipse disakippbfagtinhe

di aphrag rlB‘ound"clryg(fand pr 5&5@%@1@@5@8@%@&‘(%@ llb(ﬁ]clﬁﬁﬁmg%a@)ﬁﬁg ai%?fo%ﬁ@%' tion)
and the plane o cenPer and outer “e ectro 6, cated at gap
30, wi thmase dirgcommnpee s apros¢d/acuiamilcedred @nfbect{b ﬁ‘@:’@@ﬁt é[)he Multlne imprpesdence
chanber [ ressures
bel ow t h%g?l}eléslg'l %ﬁ :égsrot Q%fd%?{tﬁg%(? n&slﬁ?ﬁr?e nbr& ?he'“?%y g(%%léﬁ fhe g eq)'se%%%s' or a

gi ven sensor construction, the "base" capacitance is established by the

el ectrode gap spaci ng. Capacitance nmanoneters designed for neasuring very
| ow pr esSWESEIHT YR Pacuun) nust be very sensitive to and be capabl e of
measuring very small changes in pressure. As a result the spacing between
t he plane of the conmon el ectrode of the diaphragm 16 and the pl ane of the
center and outer electrodes 44 and 46 nust be very small so that smal
changes in the diaphragm deflection can be detected in response to snal



1000331 The present disclosure describes a capacitive manoneter in which
the structure of the device provides greater stability between the
diaphragnwandnﬂméu@rodes al l owi ng for even smal |l er gapsPemdsSeEasasehent s of
| ower d|f §¥ﬁ 9 pressures. In prOV|?Lng such a structure the di nensional
stablllty t 8 sensor electrode gap is inproved, especially the el ectrode
disk registration with respect to the di aphragm under normal operating
conditions and especially agai nst external influences such as tenperature,

cansor. pAPARETAPE TSNS En g SO SR HEPRB &t T EIHE I G

el ect r od@o@ai SPpet iY, thekble@tdded@ktdldot at ARin@hRES 7® BewdérSthe P ihfkingl el
i nprovenents provi de enhanced capabilities allow ng for the transducer

(i.e., tHRRcERrfsdrlatyRdo the plgne ofthiediaphuem 7¢ ohbg ?qnsﬁﬁs 14 Bt BLGHiAESMapabl e

of provi ¢b189 FErsDh@hmb@Vigho @19 WRHIchangBOtn BHGMEC tp?es&ﬁéﬂdf bl &8&nAlyectri cal
gain and exhibit |less electrical noise (as a result of less electrical

gai n) andPiiddossatte i spefpes &ftthpPKicpyer esur othrancs barye Hndes ataad 2pd theri or art

Sensors fuffer MEARME | JTANE QURATRRNE afahibf OB RIRY GRAW EnkBRIES ABRS

menti oned, the sensor is capable of provid ggb ower pressure range

i nst r unMemPStive plessuges agadnsk der ¢xeanal rrorfacs. abis hietien distpes Ahq Py dpwsing e | i t y

per f or manGen aupfc'ahg%g A%t B8liol b AGhEALERUGET: PRTGREIS FiicRERS I ©

senS|t|V|ty zero an pressure) d tenperature coeffircients and

reduced 2zpproxidricfltby theObdadzt]in Fhe| apgle etfaﬁ 82 (Sse Fig. 2k Hisevantiansltahbyee thivadleced gap

bet ween th i # housi ng

val | SomibRdELE e R Sy lohle: £ PRILPRLT e a0 TERMMD & ANh A0S 1D

cont act \ms tohin¢rese Bris angltgtogt\(ableommsaanngeoaftah@ndD%mmOagm supportn inBug 3 ,rrakl ng

the Pr u3|n nner.to p oser to,the di hrag

Support ke i e BT Prics Gl BF g T Fer ok MeF BT beor i on

during t heativehufaagt oifainpg AR caehs haiptlt bﬂrﬂﬁeharppm&akﬂ@s&rgehﬁagl%s asi imgost ep

agai nst dis ortlo caused.b force |nd rnal iffer ntia

expansi ofOSHHE! H%ﬂa‘é%d“fl%’ttoﬁﬁwé’ﬂ‘??f& 1$“o tg% %%ar%e ‘iq‘a‘?ﬁe’ Y

gar orrFt I isGppRFefSler BeNid aafa:]fau@éﬂSIGShﬁm chﬁﬁgégﬂ‘m (‘nat]he| @gﬁbrﬂgelgﬁmﬁgmfim Fl g. 2,
et ai s o rior art ter conpared to t roved nmanoneter are

shown. ef'wP ﬁfwwrear?te SPRrcAgEc 7at thesupeg et pEIE £ Grels dAkSERES t s

peri pher Yo e @apRsdm FandRésNinfo in@I6vAf o8N ghiS s Aﬂa@ﬂg%?atbﬁﬁy atse&hdlyl Mhed

simlar manner the fixed el ectrode structure 64 can be held in pface by a

annul ar PRI SRANcH SRMCNBEOVERSWATCrapRIaTed thas andapess ipferenlicdagal of “the

el ect rodgy3t 1 Usd WpSoBthe BNAtrb&! Gisk ResBh @&%m@fertcjﬁﬁn Siighnd Qpp&rt BBighr Ay ded by

the wave spring (not shown in Fig. 2) at at |east three points, one of

whi ch i s silrequsatieinpaevedglectngdegarpfabilitye construction defines a solid angle

formed between |ocus point 62 where the diaphragmis attached to the ring

60 and t hepozoL UWaP@bﬁ?ﬁlg?&cm%@astth&e%v@dedfbs}%% @&uﬂg&o&( Eepj abl GhdWR Nt ai n

the el ectrode structure in % ace. This anglée is shown as 45. The radi al

di st ance 2f ¢ohHigd. BRY ¥ary due ca@gasan@mlzerittﬁremlgngeﬂn BFf VEHESPSBASWRNETS t he

loci of PRl MafindLME L6 inﬁg Wh?cﬁirﬂlélf g gn(e%u&hca@ hRRIaAd vBEAiohS the

sane, 360 around the axis he advant ages of e present approach

ar e achi eévédlshyhaperssn thecvivisgpargicayer heighighat hesullifipphd flgeticard thankr esiverct r ode

structur ygﬂp et A8 rggg@ and
support)%gggﬁg?gnggfec y under the %%%f?ggﬁglgﬁgPﬂhgﬁga IleQM;S%?&%/O(nak
a nore dibemot prsulp@ommwdablpwmalt gahality and i drextee ragd! (tiffrgis eicthy ekmpp@r t. The

resultin ca I ib I [ n ternms by
et ni ng Penansf EroBPEThE £ §u3 18 RE3FFe TP LIRES AL i) i

di aphr agricboatecdap ypasing geu areZIiae toovatifténs nt the fect dxomeddfy thehWa‘Rrsphmgué;O ng support
for the electrode disk also at the interface 70 between the Pr housing and
spacer 6 at i . ng .0 d r of this
gooret ry 180028} ! 8 ihBrolE B ot s AR Rl sRIRCHEREL b1o

bar onet r iptacpthesisphegobosidaer (ae%d mrEm@I2D yloaqoqjtecéyjuﬂd@aﬂhs appdietl hkanwmgﬂaacde of the

Px cover gccu he ¢ ows unde oad a ter g nmeter of
he- coverTanen g OR offR S mAGOTmi eet Sl AREL L AB I B 2 BED

positive pressure against the external surface. This dilation distorts the
Pr housing and essentially causes a mnute rotation of the | ower section of
the Pr housing which nay be approxi mted by the change in the angle a at 82
(see Fi gPM2§7SAS et Poned above, this angle in at |east onc prior art
manoneter is at about 45. The inproved nmanoneter is designed so as to
increase this angle to a value with a range of about 600 to 90. As can bc
seen in Fig 3, for small angles, such as in prior art exanple (about 45),
for a change in this angle, there is a relatively |arge change AY1l in the



[00038] In the inproved sensor, the diaphragmis thus constructed and
secured so as to place the diaphragm boundary (at 72 in Fig. 2) nore

di rect | y wiadervmma9appl i ed cl anping | oad (shown at 68) PATAISAEN/02B84rake a
nore di reo%@qﬁggrt as opposed to a cazillevered (indirect) - 12 -

support S the effect of increasing the angle between the two sets
of loci of points from45 to an angle within a range of angles that
significantly reduce the anmount of axi al novenent between the di aphr agm and

t he el ectrode dj.sk, suppo ousin n and spacer ri 1).

The r ang UGt angess RGeSt bb it e tsadet hellice T Sopetildr 28966500 up

to 900. TFhe astiyah aaHeIvGRiN kdhigh of Bides tBRGRnifea]yRGI@NhE @fﬂmr@rasfaﬂalbet ween
maxi m zing the electrode gap stability versus nmaki ng an eas

manuf act GECMAT SRVGER he irpRragmeah g ctcuptar Ui PRITE e SRS H e'mﬂ $Paffler e t he
angl e a aing83 of Figd$). ﬂleafaa@gn%)fahgesathgtﬁro%&thé DAt £RBARBY hisfut bt PO

technique for increasing the angle is to nake the ri in tw parts, one
(Pr ringt@29°. viberctyalrchaige adthin thiysange I%Qqslgpwemar%wtﬁg\mea@wm%méﬁwer

(spacer ri.ag,R6 apﬁ%taﬁﬁi%)"@eﬂsﬁk Fla@inglan LR 10MnaR@falfireC HePGusRe Wiedndsooet her

by wel ding or other suitable neansS. Thi$ provides the hecessary geometry
for the idmpbrgnorOmrrgmaldnesis beredlzesapclosd #BI(Higo R anhé) dicbph7agm 16 rel ative
to the sensor hou5| ng (Pr ring 24 and Px cover 22). [00040] A further

| Mpr OV € MGijo36 ?hgtﬁhhﬁa&uﬁ&%@ o GOMRL L ARM sgtﬁ@@ﬁ é1s':t‘oqméalé tﬁé‘ﬁ}?gmam%“ or art

approach ‘i n e I nterna nsor parts are in placte and the
rai sed padss, @mm@rreing Ré) witlaapidnepd| divatser ace thgdibphaem arﬁ&hao@eldmbafeﬂ inged up

ci rount engLl lan PRE 17 358l Yol SLALLYGLD DOBSBONCR AN o W

manonet er cou e assenb r-con |t| ons~suc ,
wher e theneap&acﬁns ro@idéessthg nmbssanylgebmetg/ fohtheiimteetionedndwiibvs o 4asgfassemblyPr ri ng

106 at th th A% Llia 01% rglatlvve\q ¥he senrggr}(ljousm%gP %nn ﬁlaa(pP}( 0e Afs)ﬁds (at the ralsed

pad) ar e t rands fromt seen the portion
of the electrode structure at | ocation 108 is spaced fromthe wal | 104,

whi | e thé00§l|4@btAddehstimumvmmeltI&@te@ppasidifélyl oowlihgrpde8 | Fig.dughimg t he

i nternal wall ocation 110 Wt h th| s

1
mi sal i gn pLoE art arlpptr%acfl n WEIC {he 1ntelglal senso‘?‘ IJtS 15 af¢ drr?B%ed n g}agé rCfO) tﬁs ]raé n8 p??_l

art se
ring 106 (shere ldiesclafrqsngroadmde fap;rlteh)stla :hannltyhme@hpcimnnfereﬁmaﬂlypnmrrmdlﬂlnyz, SI nce
the coefficie

t t her nal, .expansi on of t eat.er than that of
the o euriiEhE et NR 0T AR 2 ol e s b b iyer SaRBl IR
di f f er entsh@ln @aig 5aehérotheGpat B i@ stﬁﬂ’ogﬂnngrtad ingdrnas Imﬂrl 04 of e Pating mzc’)
| ocati on of the .cl i | oad own e of Fi and
o excedEHaiR L0 GHETe SR ditdied) Comedeg Bthagnins el ratt rodamsfisiol ur o
112 and tken BPa@es spkgd (n&@mﬁ)g Asmeereﬂhe@bl&@ﬂ@fdlb%l@cﬁr@ueﬂtmauiecat BochRN
pOSI tion. Upon returni ng back to the Brew ous terrperat ure in this new

assenbl ed 0P dsipased franh the gyadlchOdowhilthe elegtioslesipeiiedfiapnesifealpeiiop 448 & or ce

at poi nt (JfKink RRtinteal Walf 102 PRRATIHE 106 4@6datien110Thi s force couple distorts
the sensor, including the

[00041] With this misalignment in the prior art sensor, when temperature drops and the Pr
ring 106 shrinks faster and further than the electrode structure 112, since the coefficient of
thermal expansion of the Pr ring is greater than that of the electrode disk it induces
mechanical strain in the sensor. The differential contraction creates a large, radial shear force
at the location of the clamping load 107 (shown on the right side of Fig. §), and can exceed
the frictional clamping force between the electrode structure 112 and the spacer 102, causing
the electrode disk to slip to a new position. Upon returning back to the previous temperature
in this new assembled position the electrode disk 112 experiences a large radial force at point

107 that is in the opposite direction. This force couple distorts the sensor, including the

DM_US 27630428-1.086400.0059



- 13 - electrode gap and causes a change in the diaphragmtension. These
changes have a detrinental effect on the accuracy of the manoneter. [00042]
The i nmprovedosé93ap descri bed above utilizes a radial | yPCoOMgSki1atae33gpacer
ring (11 in Figs. 6 and 7) ch is designed so that only the
radi al 2§§§P§gg¥2bs 120 may touch thQQ% ring bore, and the raised pads
(where the cl anping | oads are applied) 122 always have a radial gap to the
Pr ring bore. So when tenperature drops, if a radial locating tab 120 is

t ouchi ng of the Pr ng, .then. t ring drjves the cating tab
o e QSR t B1 Ao GHBE o McgbiGr i bfls GbBCrLEsd s dm he

rai sed p@eﬁlm@lﬁtac&ffe&u@méacchﬁeyehﬁ@hlaﬁxdﬂetal sk as shown in the right hand
side of the sectional viewin Fig. 7. The 60 segnents of the thin conpliant

spacer arg flexible and defor veI eas so that only s I, lateral
s oufba b Fuf e SENG R Ripo St e R R et B it aB TR LS | gt
si de of Rk ghovld)in FT!;H ] aﬁh i7iwhahas dasﬁgﬁe@@@ ﬂiabbilll_ytth/e @ﬁlat Ia)eatﬁfgqaﬁ;l 1@0ahayf or ce
couple distortion of the sensor and subsequent  c es in.the accuracy of
t he manor‘@lcgf he r@@é&@‘]e P tagiaiaRd pals fvigre GFH@PF P%Q'I RiF 4B 1 2mtvaBacer 118

i ncl udes phadi @Alliat @PSo I Pr kiag B86RA S8 OwhdAadmpdratGRIALGS Sif & RRAia$ [b@@tﬁf 1D
di sposed .in the manoneter. Three tabs are shown, angul.arl aced 1200

apart. Thetopahae theovall af tieds| ringe thep he Rt Fagdripsmthe H%caa%a ta“r VRASST 60) the

|0C3t'0”%&&3@1&%&&%&ziBc&ﬁﬁtﬁ%qgﬁbe}mmﬁﬁﬁ%nhh%thﬁﬂpbﬂﬁxMﬁﬁﬂmJ o@RRl i ed to
the el ectrodé structure. LTAS shown in Fig. t he radla l'y conpliant

spacer 1E@ctrede; ¢igh gy shoghn; i 1111 til%élg hanid pgde1 gothe @eqtlﬁaql ‘igrerie Figs 7al Wegy€0°a space
bet ween tsgﬁnéﬂ?sl df tﬂ@ﬁmpéo&&ﬁmp {pa Jr 8 ﬂe’-}(@ole Qﬂ}fd&&q?rem@i@ 654?@ s%ltﬁﬂQhﬂg force

is applie The spacer may still occasi onal touch ring wal'l at the
radi al | owall latgyaltfatsss e0bE @pnblv@a) the ohrmphbjogéémd@wad atv1|4§wt ﬁﬁawht fide ¢ g. 7).
However .
IocatingFﬁ%ay%hgqghﬁmﬁﬁl E%%%@BygfﬁgfﬁgﬁﬂFﬁ ]anﬁhkﬂﬁ&]gggggﬁgﬁ%ggree to
nove, t hendhbagquimcbangepiplthesdctracytdichesh@oimede di sk at the mounting pad is
greatly reduced. [00045] It should be evident that various changes can be

made to t i ser BTV : i p f the
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el ect r odéooaietl Iso ahaguamders dehrprceevbert dispecdvrihd garandtang hmeéam@s@ﬂhbvve,,
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the eiect {ectroac{e s?rucd[ure

[00044] As shown in Fig. 7, the radially compliant spacer 118 is installed in the Pr ring 130
so that there is always a space between the wall 132 of the Pr ring 130, and pads where the
clamping force is applied. The spacer may still occasionally touch the Pr ring wall at the
radial locating tabs (60° removed from the sectional view shown in Fig. 7). However, since
there is a flexible 60° segment on either side of the locating tab made of thin spacer material
that is not clamped and free to move, the shear force applied to the electrode disk at the

mounting pad is greatly reduced.

[00045] It should be evident that various changes can be made to the embodiments
described without departing from the scope of the claims. For example, while the
embodiment described utilizes a dual electrode with a guard, other elecirode configurations

electrode structure with

U MM Ny nmiiar ot
Ve and any numoper o
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. and extra conductors can beother fixed potent' Further the guard can be
atheiv driven. ft actisely driven, it is preferable that the guard voltage
and phasevoedonIr#e. nt am aneousvuftage and pbase O theCpligguiligsssdcent
dear ode. %gz\%ﬁz@hgﬁe conponents, steps,,features, objects, benefits and
advant agé) i have been di scussed a% merely |Ilustrati ve. None of them
nor the discussions relating to them are intended to limt the scope of
protection in any way. Nunerous other enbodi nents are al so contenpl at ed.
These i ncI ude enbaodi rrents ‘Whl ch have fe addi ti onal and/ or different
conponent's; OCHEPEREC SPERET BEITTERRCES? bmﬁ‘éf‘its H8hd” advant\ages """ sipRask al so
i ncl ude erbedineRtiscn WbEddas Qonponenixsmamdl o «$tcePSoral@d ablanged
and/or ordered differently [00047] Unl ess ot herwi se I
measur eneHt'SY abties St At sy Postt iiohs ) gt ddes Tt igrYes ARd?
speci fi cati-pns,whieh anesset ifkefbhedn whis ageﬁqtqaaRVOhy\anluﬁgng in the
ol low, are appr oxi mate, not exact. They are intended to have
a reasonabFé&dange which is consistent with the functions to \Wich they
reI ate and with What is customary in the art to which they pertain. [00048]
ar L ! Gbtg), PEAELhRonARL S ABRKLCHLRNSencAOd PhRGH BRI AL AR uh ch
have been cited In i ScTosur e ar i ncor por Tferei n
refer encdlsc@s@ﬁoat@]nefﬁhelllphmase Nome afigerharot tth@nuaa@adreilatmngtocﬂhan,mre S | nt ended
to and sh reted to.enbr race t ructures and
mat or ai S a0 L SBER R el SEE AR e AR RO PR S HF TS “The
phrase " $bmpmplated TM&mnﬂsﬁbmhmdmemtsaw}mh Isve fivendaditidl, aandi/osdh&‘udedt be
interpreted to race the ave b een descri bed and
Lhel 1" eqSPORIBRE S erry Gt sfBEt dRhtRe gt TR R i ean that ¢ he
cl ai m i s emdbdimaite rdekiclh the aoutlp Gleoty hall/oiadtepb erelafhggep aed/ecbrti@eddiffeienily.ed t o any
of the corresponding structures, materials, or acts or to their
equi val er]omm[ 0006 Q] otiNed 3¢ srgtem/millmlfeahaanmmalﬁésataﬁdgsoposiitlolns;sﬁargaﬁlﬁtési S

i nt ended or s d be.interpreted to a dedicati.o onent,
Srep. 1 eatht B G oRr i BLRBRCH SeL v e ioreat ookt SRR o
regar dl essidiffoMdetaedppidxirde, rnepéxaadmag} atehﬁteﬁdle@itﬂﬁave[a(}@&éﬂablem@gescope of
protection.is Ilmteé) sol el'y by the clainms which nowfollow That scope is
i nt ended YA S HISPENHELD the @Plﬁ?eiséw@ah By sdatp prgbpitiywhstds usiegieBt iBAke with t he

or di nary art to which they pertain.

[00048] All articles, patents, patent applications, and other publications which have been

cited in this disclosure are hereby incorporated herein by reference.

[00049] The phrase “means for” when used in a claim is intended to and should be
interpreted to embrace the corresponding structures and materials which have been described
and their equivalents. Similarly, the phrase “step for” when used in a claim is intended to and
should be interpreted to embrace the corresponding acts which have been described and their
equivalents. The absence of these phrases in a claim mean that the claim is not intended to
and should not be interpreted to be limited to any of the corresponding structures, materials,

or acts or to their equivalents.

[00050] Nothing which has been stated or illustrated is intended or should be interpreted to
cause a dedication of any component, step, feature, object, benefit, advantage, or equivalent

to the public, regardless of whether it is recited in the claims.

[00051] The scope of protection is limited solely by the claims which now follow. That

scope is intended and should be interpreted to be as broad as is consistent with the ordinary
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- 15 - meaning of the |anguage which is used in the clainms when interpreted
in light of this specification and the prosecution history which follows
and to erworpud®7AP| structural and functional equival eRCE/US2011083384 1A
capacitiéglﬁ%_ ter conprising: a di aphragmincluding (a) a common
el ectrod % Q%%? an el ectrode structu}e including a center electrode and
ring el ectrode, wherein the diaphragmis novabl e between (i) a zero
position when the pressure on each side of the diaphragmis the same and

(1) armmrmmg Iﬁmmn posi W1 t he . maxi

G 1 er entraimppEbs [iates Bissi Bat i PR A e e of 1, opor

st ruct ur gpRificai@eshd Skt [@8sct@ion bRRRY tvhich €olhiva RRd agiicsapdshal stiubRrala@phr agm i s
const rai ned relatlv to the electrode structure, and the conmon el ectrode
i s spaced™iHoMl HASal Iy aligned with the center and ring el ectrodes
relative to an alignnent axis of the manoneter: wherein the

el ectrode structure is secured relative to the diaphragmat at |east three
cl anping | ocations angul arly spaced around the alignnent axis; and wherein
the angle defined within each right plane containing a point of constraint
of the di aphragm and the point of each clanping |ocation relative to the
pl ane of the diaphragmin the zero position is between 60 and 900 so as to
reduce changes in electrode disk support height, enable smaller gaps and

i nproved stability between the di aphragm and el ectrode structure. 2.
A capacitive manoneter according to claim1, wherein the support structure
i ncludes a substrate configured to support the el ectrode structure.

3. A capacitive nmanoneter according to claim2, wherein the support
structure includes a spring configured to secure the substrate relative to
the di aphragm at the at |east three | ocations.
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4. A capacitive manoneter according to claim3, wherein the spring is a
wave spring configured so as to apply force on the substrate at a right
angle to the plane of the diaphragminléhe zero position. 5. A
capaci tive manoneter conpri sing: a di aphragmincluding (a) a conmon
el ectrode and (b) an el ectrode structure including a center el ectrode and
ring el ectrode, WHeFBIGeARIEPEPHIOAEHINE novabl e between (i) a zero

pOSI tion when dlﬂﬂ fneﬁ‘a@iu&ﬁ 04 Lachng deciRlic bhe (i ARKA0M ksﬁxciuhzem%mﬁg and
(ii) a naX|n¥ f erentla posi ti on when the maxi num nmeasurabl e

di ff er efEHI© %F“%%E’s‘ﬂ’tdémifvsel%ﬁﬁiiq’ athered P diaghraghiaryable betweendis fe position

St r uct Uk@eRie pREQEE §iD:288 sﬁ@oﬁﬁ@mﬁsr{ragnhﬁ ieH ARB raﬁeggh 2 Ghak Rk BiNEreR @B ion
electrodzl§ ﬁ@s paced from and, axi a aligned with the center and ring

el ect r od P&FWV@lWﬁ“%ﬁméﬂﬁ@ﬁﬁﬁﬁﬁ“ﬁ%?%méPNFﬁé”Hﬁﬁﬁﬂﬁﬁ@%an% spacer ring

including a plbadd tucdfre tadRSied aR0as to suppord tﬁ‘é @ﬁpln%lﬁ 35'39@18‘[ he cﬁéﬁfﬁ%mt he
el ectrode structure to the spacer ring aF | ocation of each of the tabs

so as t §OHERiPsereRti orths FIFSIYOéF S@&wr%ﬁgﬁr*@wpgnww@é&aodedf sripeirom and ey

around Ghigcabkitg HERBAte@Nl $ing ¢lRetAIEARRGL th ¥E a IRNRABKA of 8GRSO claim 5,
wherein the el ectrode structure |s clanped to the spacer rlngﬂat t hree

| ocati ons spdbeErdhas! ?thféestw%?ﬁsa?rére&ﬁ@ﬁ%\@rto therliprhiremah aldesst hrssglahdieudes
three t akstide bhaanuylsgdcby ars RRAGEE 1 LAR A0 KO/ HRRA HELng ANEinROStllih B1RE ChighO
fromthe adjacent clanped |ocations.
plane containing a point of constraint of the diaphragm and the point of each clamping location
relative to the plane of the diaphragm in the zero position is between 60° and 90° so as to reduce
changes in electrode disk support height, enable smaller gaps and improved stability between the

diaphragm and electrode structure.

2. A capacitive manometer according to claim 1, wherein the support structure includes

a substrate configured to support the electrode structure.

3. A capacitive manometer according to claim 2, wherein the support structure includes

a spring configured to secure the substrate relative to the diaphragm at the at least three locations,

4, A capacitive manometer according to claim 3, wherein the spring is a wave spring
configured so as to apply force on the substrate at a right angle to the plane of the diaphragm in the

Zero position.

5. A capacitive manometer comprising:

a diaphragm inciuding (a) a common electrode and (b) an electrode structure including a
center electrode and ring electrode, wherein the diaphragm is movable between (i) a zero position
when the pressure on each side of the diaphragm is the same and (ii) a maximum differential position
when the maximum measurable differential pressure is applied to the diaphragm;

a support structure arranged so as to support the diaphragm so that the common electrode is
spaced from and axially aligned with the center and ring electrodes relative to an alignment axis of the
manometer;

a spacer ring including a plurality of tabs; and

a clamp arranged to clamp the electrode structure to the spacer ring at the location of each of
the tabs so as to define a plurality of equiangularly spaced, clamped locations around the alignment

axis.



-17 -

b, A capacitive manometer according to claim 5, wherein the electrode structure is
clamped (o the spacer ring at three locations spaced apart 120° from one another, and the spacer ring
ncludes three tabs equiangularly spaced 120° from one another, and positioned 60° from the adjacent

clamped locations.



