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CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application is based upon
and cl ai mwopoilawrzdy to U. S. provi sional patent applicatipom/is24130833820,
entitled "égﬁqﬁ%éive Pressure Sensor," Jiled on February 2, 2010 in the
name of &f nD. Bl ankenshi p, and assigned to the present assignee
(Attorney docket number 056231-0984 (MKS-217PR)), which application is

i ncorporated by reference dApA¢HTORIPRIESURBAEKSORIND [ 0002] Thi s di scl osure
relates generally to a capacitive pressure sensor, and nore particularly to
an i nproved sensor providing very precise and accurate measur enent s of
pressure, particularly at very |ow (vacuum) pressures. [0003] Pressure
transducers have be ' ' l.i catiQns. One such
transducer is the czﬁggﬁgkﬁé%ﬁﬁhﬁﬁgFgﬁi@ﬂgzﬁ5¢¥ ]8@§&9§$y preci se and
accurate nmeasurenents of pressure of a gas, vapor or other fluid.
Appl|catumMH]|nthmdmﬂpmemusbnaiq&mhnmbhmﬁIﬂaﬂuunmna$eﬁm@mmb@£ams and

Zﬁg‘ gﬁ;g?ﬁ@?r‘a}(ﬁb@?ﬁﬁég S {1 ‘Capaca’[[U% Pressure %er%de” isl% S?%drﬂaﬁty?rzo%cr‘ process

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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[ 0004] Capacitive manoneters typically use (a) a flexible diaphragmform ng
or including an electrode structure and (b) a fixed el ectrode structure
spaced frwo2oheodidaphragm so as to establish capacit ancecrhse@ibeisseen.
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gap spacing provides further enhanced stability of the sensor output. This
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el ect r odeagapsce L0007] Capaci t ance neasurenents are based on the weII known
equation for parallel plate capacitance C

C= eie,Als,

where C is the capacitance between two parallel plates,

€, 18 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 clectrode (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

DM_US 27630428-1.086400.0059



C= ereO0A/s, where Cis the capacitance between two parallel plates, eo is
the permttivity of free space, er is the relative permttivity of the

mat eri al wet2asé714be pl ates (for vacuum er = 1), A is Phe/usomros3ss ea

bet ween ?&?ﬁlo%ég and s is the spaci ng bet ween the plates. [0008] Based on
this equg e can derive the relationship that the fractional change

I n capacitance is equal to the negative of the fractional change in

el ectrode gap spacing for each measuring electrode (AC/C = - AS/ S)

[0009] It can then be readily seen that it is crjtical I.nt aj ood
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true pl ane) § a given % 1/ 097249PCT/ US2011/ 023384 '086400- 00593
measurement to adequately low levels in order to accomplish stable detection of the smallest

pressurcs.

[00010] There is a need for a capacitive pressure manometer capable of improved electrode
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
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el ectrical measurenment technique such as with any nunber of commonly used
bri dge designs and other electrical neasuring nethods. Since, the sensor is
confi gur edot2o1vmasiar e extrenely | ow pressures (extrenel pCsrské1raezmphr agm
defl ecti @@ @ q’ogt bal anci ng the el ectrodes w thout making a stable

el ectrod § 8 not enough to reduce the uncertainty of the pressure
nmeasurenment to adequately low levels in order to acconplish stable
detection of the smallest pressures. [00010] There is a need for a
capacitive, pressure mangneter capable of inproved el ectrode gap. stability
control &M ghrdsh seanig lﬁ%a%yeiaﬁ%ﬁf%ﬁgafaago Geiphrae 1t HE ZeaRsitiafint

capabi | i heRReRb01dNE 90BAPIED @8dudd cHaB¥Rlin BE@FIAYVURE suﬂg@{a%%]n, Relber@nae i s made
to U S. Patent Nos.7757563; 7706995 7624643; 7451654: 7389697; 7316163;

7284439: SrNg m@rowgy 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
(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;

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
cach 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;

DM_US 27630428-1.086400.0059



7137301; 7000479; 6993973; 6909975; 6735845; 6672171; 6568274; 6105436;
6029525; 5965821; 5942692,
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] Illustrative 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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5932332; 5911162; 5808206; 5625152; 4785669 and 4,499, 773; and U.S. Patent
Publ i shed Application Nos. 20090255342; 20070023140; 20060070447;
20060000280;20200503262946; 20040211262; 20040099061; al | pas4isgme®23384t he

pr esent ?%é' Qﬁ? SUMMARY [00012] In accordance with one aspect of the

| mpr oved ‘%& Pve manonet er, the manoneter conpri ses: 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
novabl e bet ween zero position mheﬁwthe essure, on each side of the
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a support structure arranged so as to support the diaphragmso that the
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and wherein t e de |n e i ght ntai ni ng a "poi nt of
const r ai gpmpliant B@cqﬂ rmmdmoaggmbb@ment 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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WO 2011/ 097249PCT/ US2011/ 023384 086400- 00594 poi nt of each cl anpi ng
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steps, f C £ ] V. ] b cl ear
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sensor, ichaasgpdroat bnguicfieori mm@v@ﬁpfdsﬁlrﬂﬁ@ﬁr thbadrrhlﬁrdmgnatmosphere. Thus,
reference chamber including 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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[00017] Fig. 2 is a nore detailed, cross sectional view of a portion of the
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Fig. 3 iswe:2guamyetspi c di agram for i I | ustrating sone of PrhE/Uje@TOLIBL
features gé tot@ gi g. 1 enbodi nent; 28011/ 097249PCT/ US2011/ 023384
086400- 008¢E (36 19] Fig. 4is a top vi'ew of a spacer used in the sensor;

[00020] Fig. 5is a nore detailed, axial cross sectional view through a
portion of the sensor; [00021] Fi g 6 is atop vi ew of t he spacer used in

t he i nprovenent det ailed in Fi g and, [ 0002 i.S nor e detail ed,
cross seeelFto??a1nt%§1s\nr%ﬂessapr5%§P&e. Cé‘ﬁmh?r Y0nis 26 eS?_ﬁre éﬁogl thg refeyBeh ng
details @ies@dﬂe %d@éféﬂeﬁﬁéadhainﬁ&f Qh/eeﬂﬁ&ﬁl{r onh GRO2®K a{BHethQFcafYMciﬁaﬁﬁe GeekR SR
illustrative enbodi nents. do not set forth all enbodinents. O her

embodi meSPRMeRyClgfEOds & the da ra8Mon 0 otndi et ceatsr fssiradly 44 willc Hefingy okse

appar ent  Qr, #HIEABRRAM YrofBe BHallntd 4wl BAYENBORERCtRde o theMRAphrhHf €Cti ve
illustration. Conversely, sone enbodiments nmay be practiced w thout all of

t he det ailbsngiiha puterr deafiode Hos ddectygabguard ds §%Wéesnflhﬁ@rd@ﬁltl‘a[§‘g§@a¢%>a¢lﬁn@ﬁ fferent

dr awi ngs, | LED
DESCRI %nbe}ﬁe&ﬁl%‘é{e%%%i\%@%a%%&%ﬁw@% z@w R s B ot s
are now dhaddibsagrec@ted dhat byrbbladinanlarge ey Otre g@ls ¢ thedadjor dpmeser ikt ead.

Detail's Wi GheR8Ynkp m?sﬂl%"’}[ 2@4 a(grs{lc?%{;_?lq‘%ﬁ@%%{ds%l?gg%%&%ﬁo ! r%g tﬁ?s’ G Space

or for a nore éffectiv sent S may be
pract i cedhomeripmary ofithke elﬂttmdeehsrltels ahdven mtiig H, Bineangticholgos mahesp 8@H29ie to

Capaci t anc%flrrqnp tla%er 11(9 i a%gv@ntls nf t@ %Ifatrocfe dlc s#<ua(ljee 3 Bﬁic dma?ﬂ ngraélnon gthe.l.h

supportlrli’g i%&d> el ect Fucture I"exi ra m" 1%
housi ng ];aasoﬁapamhaact&om :mdelm dilowSonguchaadic precks rr&milrama‘nercélzlﬁ‘ﬁsrémubl ng

section 20, the.two .housi.n ections being divided b he flexible

G aphy ag AT TR DB Ry R s ot HEF gty BR PR3 rere
rle}‘ er encendgﬁiﬂ&heﬁ% %etﬂr@aﬁa% itmqbrg&e§ Fﬁssﬁtdﬂmaﬁfbeﬁﬂ@ 1§3fr111u§@\/fﬁlﬁct135 .of ltie tgg
illustrated e i ment e ring 24 of the reference hou ection

el uties MEOHER GHCEDTS OET BF ERMAREOUNG ChopEeRg & RO PE et

el ect r 0d@IleslrddéCAAUnG tHAmadGrefl lc@pabitinge BétAPET B Bd Ao Bledrdle @ @lefidphR@sh
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separ at ed®Byd GeprEEEedioff Akd sized gap 30. As shown, the fixed el ectrode
structure 14 includes a substrate 32 made froman el ectricall y insulative
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“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
clectrode of the diaphragm 16 minus the outer electrode 46 capacitance to the common
clectrode 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

DM_US 27630428-1.086400.0059



WO 2011/ 097249PCT/ US2011/ 023384 086400- 00596 thin spacers 41 nmay be used to
conveniently set the electrode gap spacing to a predeterm ned value. In
addi ti on,wonetig972#@re thin spacers 43 nmay be used to comgeniSeorlog33set t he
mavespring‘ﬁ@&kﬁ% height to a predetengtned value in order to set the

cl anpi ng 8 a predeterm ned val ue consistent with the design

obj ectives of overpressure capability and the frictional binding forces
necessary to clanp the el ectrode disk structure in a stable geonetric

rel ations th the coompn el e tr de dia a 6,. hou ri 24 and
radially Eé‘%pﬁw 1RRR §%&V§ten in ke ﬁererPQSIB &g‘?ﬁéw lapq, %gutgrhape of
t he SUbSkkﬁ&&m§Z4Gﬁﬂﬂbﬁmﬁﬂﬁaai@@BOW@Rmv@?ﬁk¢?@ﬁaQ(Qﬁh&ﬁ@&hﬁﬂ%;ﬁ@@@@t ring
36 and the locking rin t he substrate w recrse%ﬁ @osrtloned

r

within t Aethsdefsiches Ci‘?mg‘?f qfiha houpiag peie 20 pyhieh inchidgee gprs PESSEHBCt ur e
14 is Ce@kﬁ&ﬁ@mqguﬁﬁﬁhﬁﬁhh@%hﬁmﬂ@mtMvﬁ@Iﬁ&%ﬁ#éﬁﬁm@ﬁ@bahkﬁgﬁghﬁ&sQﬁBMBe“ the
substrate 32 and housing ring and spacer ring 36. This effectively
reduces tchestrgetiogythe dbrse’ ¢appciandsds gidabhished dydhedeqiodegapashecing cCapaeighcchousi ng
24 as wely, g& 4 4 ARG Stk 1 adi al
posi tion opaéﬁ%ggF% ?o e §}§£Ea¥ﬁgg&gb%&gpr niQ&mﬁmg%gtgrgﬁgg&t%lg%ntact
and exer tto apd &g |catabt60<rfcleea§nrntgheery ismalB4hgfees Frepfcbsied &b @ctesuidée sprait ure 14
| onat -t noagesf e Btink ob W XoBintn QOREINGE G} BEbEARTE ahd R RO TE e B 2
Simlarl ypd totmer Médm4 gl 40mug desigsmed] tooth@tmmtaélcctham iexerdiaphragount er
force on dtﬁgetloprltc v ertegt%d af{_lres?f{onse asmal él{ eeesllr(lj atd{f%re 1d1I slsf?‘(f::ed 120 around
the axis rom ocat i ons 8rEEoh ip 34 of the
fixed el ectrode structure 14 when the manoneter 10 is conpletely assenbl ed.
The fixedOQBébthh@mggmeuypuﬂeSQﬂHqI@onmhtnmdemnan@enﬂérmeke&mﬁddef@A
g?gg?pg{jlece?%llr gozlrlabqo ﬂf:ergnt{afl}%faé'[s#l\r/ees 1}109?at[spsethg %epr;[mc %HaXI a.n és 1n,?lﬁ ?Aﬁ%ogtte ﬁ,[ er

el ectr odehe4@4ecmmde g:tpewmelmaleruneetétsd @2he [xﬁﬂm%ﬂent:bfedqffbtemaﬂ pepduragmosi 6hd s

ei t her de, of ory |s ng of. suitabl.e

conduct | genideny 1l BhaY PEmeBlh e il HeuBPE bt ey s BB F s o

secur ed fetectréie dapysdcing. 0thasghcit eabmnmnmase innesiadisey (FPrluahastiict 50 on one
si de of tﬂe drapﬂr % (ggd ref erence re (Pﬁ% ﬁh nmher whi ch inc] udes
gap 30 o158 BtherTEFUE BP PAE Y| éidﬁ dugl” Jptipfy dgdieh gprige hg?OJpat hs
can be promidlegedalvaasirolid gal |s?@6h{g| lﬁodlu@phrrmgrrblﬂﬁﬂcehmabnﬁp QFQRE gerROUSI N
section 20 (through, for exang{ reduced thi ckness parts of etched

spacer s) Vet HHy wrﬁregtsar Bt BRencang ANPGRS %@?%@ﬁo\t RESSYYERS oIty t he
rest of tuheusPor RRfol QRudle ¢dpe housing. The di aphragmis secured to the
housing so as to seal the process pressure chanber 50 fromthe gap 30 of

the refer pre re chanber so that the two chanbers can be mai ntained
at di ffeﬂ@ﬂﬁbr X\’é’i‘d\%lee fr%@egaosmsrrsurréaehertae d galle RETUSE. EHFFbEPAHt YO duced

into WO 2&bddr®A4RIRPET hbiSEEkLdk QRS 38r A8 CALR L0857 stpbiRGLRGuisdIa i eftabRO
through a gas inlet 52, defined in part of the Px cover 22. Under nor mal
operatloﬁ“mﬁéﬁéﬁﬁP%ﬁ@@mﬁﬁn@ﬁ€5%$“%0 functions as an absol ute pressure
sensor and the reference cavity 28 (and el ectrode gap 30) are seal ed off

under vageoo3B] amit jhrdsc@Eis@sRRMRBMes b Bebatial € MRAGRtOaH SIhith tBeGhichie 80 1S
provi ded with a non-evaporabl e %etter vacuum punp 54 in order to provide a

very | ow ltfrftegréfapevrctﬁéglreatsert@t/r}lw BIEE T IS PAPR R At ielsRtrestes AlVIpG &Y eifent ) i n

t he ref expage gﬁﬁsvdnhynegﬁlr@tﬁ&tﬁeﬁg&léﬂﬂﬁer%ﬁl PRssufli $n provili g sedsPlitb@raracuum
referencefggarnst whi ch the process pressure is conpared In this node the

di f f er entheaimppsiapal jrabiliy phdig semer drcpdf WG MPrasd srssially eheslesgadsy sk
measur eng 1stra€nptvttﬁ rres?&% $ hteeheq)ﬁrtgﬁrtuﬁtr ﬁ?m%ﬂé%n%%oﬂd‘?udﬁ %n@es%@&ﬂgﬂ gas
inlet in place of er assenbly 54 in reference housing section 20 for
i nt roducraegnsa g?stern@lt igflucadesr euvbe apriemperp@rd, npayomepteic r pfessueon ceveghenser from a
source, ﬁe[‘n n%f“é’ﬁo%l?ta Riatn® IfiéPE@nEé}epﬁ&fﬁ&é%’s’ gt Be %@%Wl'il?themuﬁ
reference ¢ er dncl Jrng gap 30 contains a gas or vapor at a predefined
refer encetrmtessmclede ledecthdsuleap pagieg, edectiode tilhend wdecohdablestatiomn Bee
reversed S h

pr essur e RSvE e LR bRl aUE U AR AU AR b e SR

ref erence pressure chanber, where for exanple that process gas is inert
with respect to the el ectrode and other naterials provi ded in the chamnber

i ncl udi NGMIVRESYEPBOPP[ 00027] Center and outer el ectrodes 44 and 46 are
preferably flat electrodes di sposed on the surface of the substrate 32 so
that the el ectrodes preferably are of uniformthickness and all lie in the
sane plane. Suitable electrical |eads (not shown) are respectively provided
for the center and rrng electrodes 44 and 46 In one enbodrnent the common

.

g e



inlet 52 into the process pressure chanber 50 is at a different pressure
fromthe reference pressure in reference chanber, the diaphragmwll flex
and t he capacie@mze between the conmon el ectrode of thePpdirapshoiagnisgé and

t he centg% ﬁ%e% ode 44 will define ong capacitance different fromthe
capacita &N %en the common el ectrod® of the di aphragm 16 and the outer
el ectrode 46. Electrical guard 45 reduces the parasitic stray capacitance
bet ween the el ectrodes and netal housing by bl ocking the path for the
strays in this ion. It should eci at ed utilizing a large,

»
uni f or m ¢ t&‘/aé@woeﬁeelﬁer%rcsar Pl hi 1&1[9§$1rdﬁt03tp3t2 WHYPRGUY ng ri ng
24 as sho¥fuirk Meskbetridal o@ilAnd¥xHibid ek@ediica® hG6d (rasaaésumuaregls A&ctiddal bAIB)

peri phery of the el ectrode disk as shown in FI? , that aqy changes in

t hese st RAYBIGRstErFeRotdHity Rerfarieget Whegcamapred fospsiol cEHEROS @tm?aﬁéﬂ@ ectrode
di sk arec@mﬂMﬂﬁe%ﬁﬁkb@ prds G RE Hn. Q%xﬁﬁ@m%ﬁ&ﬁﬁrmEéaﬁgﬂé@ﬂﬁﬁb%&bﬂ%ﬁméﬁd thus
all ow for nor e preC|se measurenents of differential pressure w thout

i nt roducrlmeraﬂhe@ﬁlgesartgﬁ ipgyameath ath letit geptricahpriscapnd batteepeeralizare stebilitypr essur e
nmeasur e a
ot on o T S e e Bt SIS S The

di aphr agnt igssared redveciemperptued eoctiicigdie andirednetdizbie dmasur ed capaci t ance

bet ween the common el ectrode of the diaphragm 16 and t he outer el ectrode
46. [000480034p pHNeRLeHCLhRES CARAC LAREE Saf1EnfSh AR LERRMCDGRNGRD e
common el ectrode structure of the di aphragm™and each of the center and

out er el ditphwgasingydeapmgking theskichng h@(tsmgrvea%l fomeevwdipt thamento; igl anpatemptitee on t he
di aphr ag r r ag|.t ance.
- pr act PEng el MBI LAY GUFAL PP S BABHAR Sop Raae BBl o0

t he eIecnmﬁdet@abﬁandngheﬂﬁnmayﬁﬁapadwwamaémmdoMMEhhdusmn@mpmhwaddhiion,
when the ol QROLAINAS P ARISED Lo bl TR LA TRAS YT AOL & RGNS
pressure %ﬁt 1 Pucture or the di % rag mwi T ege a8t | ect ed
rel ative ahd ﬁtrther edeelcter;wﬁhefrétmgasteb d@nsodm@rttqn dietedri@ thlaet‘ofcsst mdkest tqt t he

sensor. he str ensor_is .the aci.t.an e stroke
whioh i s TRgnd DRl caleprel LB sBinabtf FRATRERIGA! OF et PBaE W
capacitamg@nmﬁwqhemﬂemmumyekeﬂmtmdﬂm@&muhﬂHQIaphragnt16 m nus the outer

el ectrode 46 capacitance to the conmon electrode of the diaphragm 16

bet ween t[g@ﬁélerf) glffer tlal pressure anorlnftt% s%rale dhffrerelrtllral ed
pressure. n c &Ti h PIRG i ) (téﬁht%%$tf@troneff®ht RS
differen&Mmbmemes&uﬂewhojmhmeﬁmbtaﬁpahemmghue ik setral spang o0 drbwendditsaphr agm

[ 00030] One .of th paraneters .t hat. defi h n of the s ris
e ol o rorengi g R Tt Ruai St furd” I R s b Oded BRRL ol ane
of the cemmmmm?heﬂhkaﬂemﬁbéuaﬂumph&&bﬁ@a&mﬁﬁ3%&9E£Hﬂ%@26&&h@&@ﬁﬁ@hmi g
086400- 00599 of. t he en in the r zero posit an
the pl and® 8 Regpbes! © %eogweé CE?@C%“%“SHE"SMﬂPda}%‘F aqerra* be el foreeg

Wit h ver yrdvawdyass Waee a?lrmnshettlerlmgezprmmgﬁhreb rpotntteoﬁ@temeﬁes chanber
of the housgﬁg}@ortlon 0 (which includes the pressures bel ow

the resolifg 101 B sPafstherrBtRction dafgep? %Rl’é‘saélg rfa%‘érbee@en meHSs Boigh ven

Sensor Consitetahd @iphrd ACis ARAHET 1BPA 6@£Haethé l%c&%ﬁll@bo shed tlQVaxia'P?br@é ectrode
gap spaci ng. Capacitance manoneters designed for measuring verg
e

pr essur e$3 (thrphicd rmaiaimils elepgodeestyctaisns iptaWeThlé apglel l%@owaeaﬂ

measur i ngaarﬁrcrrsm%@@tﬂo heagies(sdcﬂ RLERIIR P 130 or%%tsot *a@th%rte&'&q)oh%‘st ween

t he pl ane of comon el ectrode of the di aphragm 16 and the pl'ane of the
center andwﬁuh@dwﬁﬂe%nw@ﬁeéw@@udwutmeﬂﬁﬁbtﬂhemn@ﬂﬁo mmumi@ﬂwm$at smal |
changes in the diaphragm deflection can be detected in response to smal

changes ipodsbe fhd {EERM B RS EH Bproh 003 MicVBKbPGorkR R G RabiER) | 7 Lo

make t he manoneter 10 nore sensrtlve for measuring smaller dlfferen i al

pr essur eshd dianheeeandttheelesiodd struchurg withindhrameagosneitas s¢ Aetogiagp ¢heatiaphragm

el ectrod : i

or essur o A hE b LGBty Bub e HERGLLARERK Gl PRI
eIectrodeugepuehapeongsapmheh@el@mﬁkhembﬁeﬁmmO@amgapT&pawuh@glm@mM@ugh it
I S _common (Pm&f:tcla%ealso%etc{egcrfbg ll'll’ISt rl% a X{l Uce e neli’fl ﬁle anol (]l? S |2|'1 t he
el ectrodé® gapy i'ng by T'RE i d% gapp oach, good
control over the eIectrode gap spaci ng prOV|des further enhanced stability
of the sensor output. This is especially inportant when one measures

ext r emel PMIVBHPPEEESU8s enabl ed by the use of narrow el ectrode gaps.
[00032] Wth the current need to neasure snaller and snall er pressures,
current capacitive pressure sensors do not possess the inherent el ectrode
gap stability required for stable neasurement of extremely |ow pressures.
[00033] The present dlsclosure descrlbes a capacrtlve nanoneter |n whi ch

- e Y b1 . o,



086400- 0059- 10 - the signal conditioning electronics capable of providing
a high level dc output - not shown) to require |less electrical gain and
exhi bit |Iwe0almepi cal noise (as a result of |ess el ecciraskoigarisps and
have bett & stability performance !hen conpared to prior art sensors
for neas&géﬁé éﬁ arable full scale pfe sure ranges. And as nentioned, the
sensor is capable of providing | ower pressure range instrunents with | ess
el ectrical noise and better overall zero stability performance, including

but not ted to reduced bar tric pressure sepnsitivity (at zero and at
pressur e)ann?%%m%f‘el&letdéwé&%me i efuadhr SugRert 7o be s RRe e |t P [ 00034]
Prior ef hoidisy {dpa€ firaue cRctfddelisk, alsroeaduﬁéaﬂlteﬁfa& bebyeesm hierabeahd ades and

t he di aphragm i ncl ude making the Pr ring_housing wall sonewhat thinner to
in an at Rt O delpfiverig ﬂteﬁéa@ A ke GaRhragns k4| Tpe Eelﬁf SOf i SHPMMHY 2% WG ng st ep
cl oser ththHg{%Rhﬁ@gqh@QRQQ§Rﬂw§Q%mﬁE§hﬂ&n&ﬂ&n? r£9H§bPQﬂM@£hm£Qhﬂ”er to
bring the step closer to di aphragm support meakens t he sensor housing
(Pr ring apglied)loads|tp dWsSUh’fb‘?eeOfdh%PétCPY%@C@lﬁfihﬁgoYeIﬁé’OW&NW%éhlﬁlrlqaﬁgmérﬂ@?cess and
fur ther WGRKRERR(ENE L bt $heBia AL ERSoufllit) QAbOMnGAUEEG Rl B J O ces

i nduced by t hernal erentla I on, y changes in t e surface

| oads on ppfiavespressore egainge ﬁleb%tctsaarlmuéam chlrs eislgmre distedtts ghgy Peshpesingahnd

mechani ¢ i 0 1ol et ails rj ter
conpar e d%%seht?a}"i:lg CQQSGS [a 1991{%% e rgtatios aﬂoﬁz gthtezl()wg %@ﬂédnno%otfhe I@’Ig] Ratoks(e?ﬁgp%lfglrl r@%}fﬁ,]&e

di aphr ag mpﬁrdxmtedéwmheedhamg@ in thegm@l@ acat 82 frde Figs2)pes Ipheipyedaatboee, o an gtef

poi nt's, ong iof W 618 dNdheal £dy Ao PRre. MheBu3loTd BloJRANSL ddfiged [xed

el ect r odé” EHFOEP I REIOB AT OKR 81T pl ace by P Vannul? di's % cK di sk)
(not shownjo mmpzisle élds aipld doen xpeiewptheanahgearfgeommt tme)oel Aet:molﬁmsesﬁ rnLRJg ar e 64

and held.in he.axial forc ed the. wa rin
oo fprgPhSE 8 o a4t Bl e PR €84 B8 PRt S e Pt ik ot 70,
As seen, rélieeDonsde w@ﬁag@mmehlﬁne&e@hsernﬁb anghe. fEdSrrT&dgebaig\I@ea[S inoemts poi nt

62 where the di ap attached to the r d. the | oi nt 70
wher e t h&o&uglions 03108 ¢ C‘il@e‘ﬁﬁg{}?é’ées?‘& dﬁﬁ%‘h E&Hggﬂgfn‘e‘ih%é%“?eo n%etlﬁdltf—‘t ure in
pl ace. TRiypoRkNGloR hSreSilAMRIAS el Imalindhah@dhe) it @55@1 heigmn fohenaxk& (such
as axis 42 in Fig. 1) of the sensor of the |oci oi nts where the

di aphr agifieF&oderstrietise Redvring s Ghangstin §)suprort ll*f‘éghéa ¢ elpgipodgrdiikigletive axi s.

[ 00036] F@%mﬂ@lﬁﬂﬁﬁg%ﬁnﬁﬁaiﬂﬁ)Hﬁﬁ@ﬁﬂid&ﬂﬁ&@%ﬁhmﬁ&%g%&%ﬂﬁYGQEQMmﬁpmﬁirUCt'ng
and securing the di aphragm and the el ectrodé structure within tHhe nanoneter
so as t o bphedigeofithrencyi gepmety piola AAEHST spanvat soukab e gharges pipthe amlwé@mmy under
the applied & ARG 10Akelu LY TR iffRIEENG JHRf s Gh HRCLupBURGIEh: B OPPOSEd
to a cantilevered (|n Irect) support. The resultTng |npr5Ve gonetry can
al so be desequchéyinpoved clecterslggp ptebitier ns by defining the angle a (see Figs.
2 WD 2011/ 097249PCT/ US2011/ 023384 086400- 0059- 11 - and 3) of the line
drawn frqegeshe Wa@@@}frﬁ@%r@&%ﬂ@l@&s\&h&‘é%ﬁ?&ﬁ&ed@ wale b5l 40LET BIECH QR Rfn the Pr
housi ng suggort for the electrode disk also’at the interface 70 between the
Pr housi ngblamd’is gamey vas dug il chpngpeintempdietuysl ehapgesfin thaavap¢ spie apntiz  The
benefits t i when
changes. ' g iPRECERLYCRRE ol i B il oy BRHAREH AR P Shacen 0T
surface efd thecPugesovdhe wocuwpring ¢ritg dvight thawssulidder deflebteon gfabe Binebvethe out er
di anmet er ,f er r I n size)
for & podhtibURif SUET) Be bt AR hRE N RAE Xh I B0 b AR RS

di storts htieen Iﬁpvhemsmmgveanﬂmetsmalt std:hhty amd@@mer alxrari stiffresy of titiedastrode t he

| ower section of %he Pr mh ch. ﬁFapg@ &i ted(% the ange in
the angl &% 4PPanodxas ﬁ“é 3 SR%C%W% Ehet T Endyand {HiRes é‘?gees HG Teast
one pri orkleatiddergap opmeingthait sSrealuc ab@vititichS in thh & reageasas) thawevedeng 4G designed
so as to increase this angle to a value with a range of about 60 to 90. As
can be s i i for,small .an such as |n rjior art £xampl e (about
45), for ?gdbéﬁgngle‘%f* ﬁmP]i%V%d zsaeﬁ1 S(fr the Cﬂ%?r slsatn? e‘fontsl veeid anIdasre fguerec angl([a0 AYl in
t he hei glpﬂacefhetdﬁaeh&gmpmundarﬂ(at 72 mrfgg 2angkediraty umieothe apldredtclaumﬂngddadof one

oo T inaR o RS BREF R paft A GReripr i ancetdTe * SiRERSRabRe' et gn

for the fixed electrode structure. Reducing this change in the support

hei ght of the electrode disk relative to the diaphragmtranslates into

i nproved el ectrode gap spacing stability. Secondly, the benefits of the new
geonet ry PPRVPUE @48 f er support so that any changes in the applied axial
|l oad at the top of the electrode disk result in smaller changes in the
support hei ght and subsequently inproved el ectrode gap stability. [00037]
Wave spring forces such as those provided by wave spring 40 (of Fig. 1) as
shomn at 68 |n Flg 2 ~may vary due to changes |n tenperature changes in

o o . o o o



(shown at 68) in order to make a nore direct support as opposed to a
cantilevered (indirect) WO 2011/097249PCT/ US2011/ 023384 086400- 0059- 12 -
support. Whis1ihmz24bhe ef fect of increasing the angl e beragars24ihe233so sets

of | oci gﬁ ugég from45 to an angle i%thin a range of angl es that
signific ?ﬁ@' uce the anount of axiaf nmovenent between the di aphragm and

the el ectrode di sk support (housing ring 24 and spacer ring 36 of Fig. 1).
The range of angles that provide the best result are between about 60 up to
90. The actual chojce wthin_this ra a design co rom se befween

mexi mi zi APROHe BNt rBsigAsT SicHBiing { § sk L SrRIEiy §7oars e%{slgcltog points

manuf act yiogh 45?!@%%@1@&1&“5&E@ltggbedng#ésaﬁmrs mca@gerea@dmwaansﬁm& a\fier e the
angle a at 82 (Figs and 3) iIs _about 75. ooowg! One manuf act uri ng

t echni quén%memrl?eﬁ»@a%thﬁ&laph@g@ﬁaﬂ ghejelectroderditkesuppst (Ipwng g APNBAPAET one
(Pr ring n%g)wwm @) reguasd oqlaﬁ'g[@sttﬁﬁt p@@me hb e d QPR LRGNWARE ab e 6Ot LT

(spacer rlng shown in . two parts can be secured together
by wel di g9t Bler@étﬂlals@iolcawélnrfb@m@gema ées;ﬁrwmégnlﬁﬂr@t\ﬁ@@é@%awmgé@mt ry

for the 'efé}éﬁéﬁehgﬂ)s%glh lONGs TRkinasY ¢ Qsiﬁ‘?d”'%a)ﬁuﬂ%ukh% 0%1 ggfmﬁ bechsc dreI ative

to the sensor ing (Pr ring 24 and PX cover
i npr ovenelmphraginat @s doopeonuisadis aMhkrg thoamglei cagit82 4 pige EraniB gjis abow AidWs a pr | or art
approach in which the internal sensor parts are dropped in place and the

raised p [ - -lined up

i v cant oLy BhEnk AU AL ETEE AR ARRL WAEL B InORhY ot b}

manonet epago lohd(Plneingéé)ewinlh ecbdumdehameamdlean tbndiagugdm ami @h oﬂmr (spacki gng 5,

where th er 10 S ouching the interna f th ring
106 at R0 Fodfip dhFimd. iR brd B0 Re R SRS Ry Bl lne QR OBIE & 0
pad) ar e nidasn S]’i’nst fredidés themdchwanyapeemstpy fon the (imehtiahann)lowibr segnsdchdlypor t i on

of the el egtrod str cture at. location 1 i s.gpaced from.the wall 104,
ohi | ot e B SGrPagE BEP R e s 80SUhE0LF 18 Ee3RTOR S08° TR, t ouchi ng the
internal wall 104 of the Pr ring 106 at |ocation 110. [00041] Wth this
m sal i gni@iod0j nAtfoeghgrimprovamentselasotq a winballyt @mpdinatpaer.dr dps asdwshe Pr

ring 106 shrinks f f.ur th r than the el ectrode structu 2, since
[ he2coor ot st HEbRER theikine ol e € wPbp i e I H e nat "ot
t he el ectwhde tidi Sdenpihg loaduae appreahars aalbnistinad np ichathfereagaisonot rddidly
differenti.al raction. creates a Iar radi al ear force at the

Moenti onrifnerie T GRS A he Rt g Ahamp Ry el et Rs)  and
cag exge@ﬁb\{zmﬁa Hig. lsgbvgezafeaie s@&o@ﬂmnﬁ Jlsttll’oﬁﬁnﬂigetﬂ&Wd naE h@uebfe@fmedeﬂﬁg [act ure

112 and the spacer 1 causing the el ectrode di to slip to a new

posi t i on 2t B5dveaten LPhigradretily Chslapag g (¢l éarl%?ﬁma@ gr tppsnaticdy

assenbl edropPmb tWa0O spring (RHt8REWHd Q\scb'e&kthé bartRx RN QNeeSdAtluddient IR force
at point 107 that is in the opposite direction. This force couple distorts

t he sensdf? iy %@é@dcﬁ%ﬂ{ewﬂ\ﬂv@“m@i@r o 7EaomcTiugprBPDomRse oeswndodaso- 13 -

el ect r odg, Qg AMdnEAHBEAI PICTARAL rind 1068 168001 AIM tensi on. These changes
have a detrinental effect on the accuracy of the manoneter.

[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. 5), 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
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[ 00042] The inproved sensor described above utilizes a radially conpliant
spacer ring (118 as shown in Figs. 6 and 7) which is designed so that only
t he radi avol2zotadizag tabs 120 may touch the Pr ring borepCan$24ihe233ad sed
pads (mh%ﬁ‘M@Q® glanping | oads are apph%ed) 122 always have a radial gap to
the Pr ri § ore: So, when tenperature drops, if a radial locating tab 120
is touching the wall of the Pr ring, then the Pr ring drives the |ocating
tab of the spacer radially inward at a |location that is 60 renoved fromthe
rai sed pads ich support the el ectrode disk as shown in the right hand
side of £ 8“%%0%‘11’0 CRHSEWR ﬁwpgeg!n the qiRphrgen JesiEnt S NBF THHBEP HFNC donpl i ant

spacer arggtrinlcl &Rt andlle dRLALILT @b ahhiediyn. easily so that only small |ateral
forces may be applied to the clanped joint (indicated at 140 at the right

side of Fig. 6). This elimnates. any possibility of the occasional. force
count o ailtftazt) she Bt B D RSBl i isgbefarh SR TRet ey o

t he manomBtRwn (49 .8]an&\S7R SN dBkidried so Ghat BRytRTHaalal Yocaigphbsano mpacer 118
i ncludes radi al tabs 120 |ocated so that it centers the spacer when

di sposed 94sh thed e Satet i, theriisedpgdy hehass the shawing lasly areappiedd haeayayno

?part; Tmﬁfggﬁﬁ?ﬁéﬁt@ﬂﬁI?Eﬁgb&%e@Piﬁhﬁﬁ&ﬂﬁﬁgﬁéwﬂﬁkﬁﬁaﬁm&ﬁﬂk?h%hM?ﬂu1ﬁoé the
the. el oot buehiss Flacyill 6f IFGUGHIE 148 “nBrfing rergihe Jocae 4heei4F Pygorpl | ant
orwoen T ha e TS EPeta'BR Fion Wtd B e B S S e o

i s appl i eictrisedigpaceiowmaip the iright brod axideopfathe yedtiondhviehen Pre i nghaad1 at t he
ovever, “nen i OSBRI RPN Rla (L S Tk Tl 0 1)
IocatinbsmabkmaddbmrstmyhegmébénawgpbmmatﬁmhémdkgematV@Hmﬂpewhaﬁde6fee to
oreat 1y FRROEE PhOBAERRY PSSRy oM Bs Bl AR b G TR A e
made to tahdsubslameintwbanigss delciccived) ofitichoutonsteparti ng from t he scope of the
clainms. For exanple, while the enbodi nent described utilizes a dual

el ectrod j : her 2140 onf i t: L ssi b i nct ud
electrodzoﬁkéﬁc aggs%gﬁﬁgg'ﬁﬁP?F%ﬁ%bb%%J%@@:%@#%?#ES§§W%%?ﬁH%J?% i an t:,vo
el ect r odéscateThe thamrb ochitere tite sphey kihen dispdséd nghe mbnongetan d heaeytabs andodo wof
086400- 0059- 14 - yct or s..and, conduct or t.terns be on the el ectrode
i ok e rae PRl s P TBOGR S PRHE LR B R AT TR R Pek Mae v o ned
at si gnal60odr theinekatiars EBX @lose irvtheesxainp ke vhpet taatclaalpifgulohthey apfied goalied can be

active , .M ,11. 1 tt t CG1"t

electrodestructure.

[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] 1t 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 elecivode configurations
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vol tage. and phase match the instataneous voltage and phase of el ectrode.

[ 00046] The conponents, steps, features, objects, benefits and advant ages
whi ch hawsokeamodi4gcussed are nerely illustrative. NonePeofi/ush@mi02338+ t he
discussk& a4r3#§ ing to them are intenged tolimt the scope of protection
in any 3 2\ ous ot her enbodi ments are al so contenpl ated. These incl ude
enbodi nents whi ch have fewer, additional, and/or different conponents,
steps, features, objects, benefits and advantages. These al so incl ude
enbodi nents_in mhych t he conponent s and/ or steps are arranged and/ or
ordered §PPFERENTY GODAFIINTELE OBt HeTThiTsee stiat ed AN FREEEaT BifENt s,

val ues, Rat LRES:ROSHEIANSe IBRENELUARSn: SHEESS AR BlNakerSPREIbicaadii ons

whi ch are set forth in this, speC| |nclud|ng in the clalns Whi ch
fol | ow, AMBMEPPT SXIratebe Fobeexietr Theyvar €t éndettaihave s $edsonabl e
range whigh quonalstent MRt R fUNGLONSt Gawhiehyt ey ralate and with
what is cus nary in the art to which they pertaln [00048] Al artlcles
pat ent s, ¢pateist applications, and other publications which have been cited
in this disclosure are hereby incorporated herein by reference. [00049] The
phrase " s | ai. m,.J ng . e

ot or pr et it s MRS St RaleSi B’ Brlh ARy S hRuR Nt BIRL Sl
have beeralwdmmiarbedre@mdiuithﬁw I\R)qemf/tabmmw theSlisaudsiint yelatinp e tﬂabm,a&re "step for"
when used .in claimis inte uld be inte to enbrace
the cor r cupBiaficntyR e sonsoe Apsye BeBhoatabindun Skt FhERR Tt s ent 0. The
absence ebnttiplaed p]hfeatsiﬁslucilmerﬂoodir@dnmvmlﬁ&rﬂlatvh &dwet,hadicbal rnil/er dicferehint ended to
and shoul d not be int er et be.limited to or respondi ng

2T ot ur EEmDREr e oS EEES Bl deets et e et MRbompeonondi ng

whi ch hasnibegimesit @i@ﬁicl@fhelcbﬂnpl@{ehtafaﬂdoﬂ Sepk BtceRdRgd@hd/Shexdéed fifetchilr pr et ed

to cause a dedication of any conponent, step, feature, object, benefit,

advaﬂt aglqooomn equig%sgj{m@rﬁé @tafemeﬂlpnktabdremerﬁ@gameﬂ gslﬁ%spf)os\fﬁmﬁ hﬂ@ll’gn}tlﬁde%s rﬁci ted
in the clains e SCQ rot.ection LS inmted solely by the

cl ai ms whi“Eh a%%ﬁ?rép?%%at@ﬁaﬁ @%ﬁ%ﬂ farth i hinshecifigatan PRV S b deia pret ed
to be as WHQaBIAS akSa f?%ﬁh’«fté Q0 cxdbtl ThdyRe @Hedildiab %iavd@ reasonable range

2011/ 097249PCT/ US2011/ 023384 086400- 0059- 15 - peani ng of the anguage

whi ch i s Wi@ids pepsisteat withhihefungrens te whish giesrdge ppd W}tlgwhatdﬁ customarsigdls f i cati on
and the RKQS GGl iRY plighory which follows and to enconpass all structural
and functional equivalents.

[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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WD 2011/ 097249PCT/ US2011/ 023384 086400- 0059- 16 - What is clained is:

1. A capacitive manoneter conpri sing: a di aphragmincluding (a) a
common elwotnudw7and (b) an el ectrode structure includi RgTAISC@N2I3I84
electrod§ ?¥%<ﬁ;§ﬁ el ectrode, wherein ige di aphragm i s novabl e between (i)
a zero p g 0 en the pressure on each side of the diaphragmis the sane
and (ii) a maxinumdifferential position when the maxi num neasurabl e
differential pressure is applied to the diaphragm and a support

structure arranged so as to support the di hra m so th t.he diaphragmis
const rai AEANPEPAYE ECHES PR BEE Foliec K St it {dhtebilion of ecs rode

I s spacedpdcifaticihdand @bdeYut®hingfed whichTollde 26€ /S @codpeds &l feicRirf6hd 0des
relative to an alignment axis of the manoneter; wherein the el ectrode
structur@”F§0§%€%¥€ﬂ“$%latlve to the di aphragmat at |east three clanping

| 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 t he point of each clanping location relative to the plane of
t he diaphragmin the zero position is between 60 and 90 so as to reduce
changes in el ectrode di sk support height, enable smaller gaps and i nproved
stability between the di aphragm and el ectrode structure. 2. A
capacitive manonmeter according to claim 1, wherein the support structure

i ncludes a substrate configured to support the el ectrode structure.

3. A capacitive manoneter according to claim2, wherein the support
structure includes a spring configured to secure the substrate relative to
t he di aphragm at the at |east three | ocations. 4. A capacitive
manonet er 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

pl ane of the diaphragmin the zero position.
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5. A capacitive manoneter conprising: a diaphragmincluding (a) a
common el ectrode and (b) an el ectrode structure including a center
el ect r odeweandiwiongoel ect rode, wherein the di aphragmis movaisb@iloeiseen (i)

a zero pasiii0 en the pressure on each side of the diaphragmis the sane
and (ii)?gé%&yg6§2/097249PCT/U82011/022§84 086400- 0059- 17 - naxi num

differential position when the maxi num neasurable differential pressure is
applied to the diaphragm a support structure arranged so as to
support the d phr$%n1so that the comon el ectrode is spaced from and
axiaIIy the center and ring electrodes relative to an

al i gnnment aX|s of the manoneter; a spacer ring including a plurality of

t abs; and : a<£haﬁbn@éﬁﬁﬂgﬁﬂmﬁﬁn@hﬁmp the el ectrode structure to the

spacer ring at | ocation of each of the tabs so as to define a Iurallty
of equi angul a?wi) FE i P AL S RO B A

capaci t i V@ hBdpo4TBd s e&@ﬁ@deounaglﬂg%l&tradmereME @la@hﬂaﬁhﬂ i&hRCAVIOBEwWSE uct ur e
is clanped to the spacer ring at three |ocations spaced apart 120 from one

anot her, (ARcPefhRosipRcEen thaPresHEq oieashesieed thediapiuagin anthigIsape yndcded 120
from one naRek i iffeANHa1RRSIS FREANLERakiFRM hbRuabk AFRANtiE] REREH il HHAII ONS.

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 clectrode 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
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 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
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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.

6. A capacitive manometer according to claim 5, wherein the electrode structure
is clamped to the spacer ring at three locations spaced apart 120° from one another, and the
spacer ring includes three tabs equiangularly spaced 120° from one another, and positioned

60° from the adjacent clamped locations.
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