MONOLITHIC VACUUM MANOMETER UTILIZING ELECTROSTATIC
INTERFERENCE AS A MEANS OF DETECTION CROSS-REFERENCE
TO RELATED APPLICATIONS [0001] This Application for Patent claims
priority from U.S. Provisional Application Serial No, 61/222,184, filed July
1, 2009; the entire teachings of which are incorporated herein by
reference in its entirety. BACKGROUND OF THE INVENTION [0002]
Many industrial processes may only be performed at low pressures. Such
processes include, but are not limited to, semiconductor manufacturing,
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environmental conditions (e.g., temperature and pressure), a manometer,
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ire efpENOMeter. Diaphragm-based manometers are widely used in thé
Serniconductor industry. In part, this is because diaphragm-based

manometers are typieglyReR NSRS HBNENGRERTYSSEIVices of this

industry due to having high accuracy and being resistant to
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measured. The second chamber of the diaphragm-based manometer is
[000 3, Fivr TRy FEEEacts A tie e re TR S A ET E RIS R iesalhyH Ath Dtagtyres
is andtrieaessasiy) evacuated andiseqiecbaia pressureihate issustantially e
semil838hAN ARG MiniHUM. PrassULE Mhe. st Aol aenses &%Qgglté\mdgaﬁﬂ %a%ﬁb wel
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contamination and operate longer without maintenance.

- [0004] A manometer serves as the vacuum/ pressure sensing element and may be used to measure
and/ ot control the pressure within a process chatnber. A diaphragm-based manometer typically has
a housing containing two chambers separated by a circular tensioned diaphragm. The first chamber
is in fluid communication with the process chamber or other assembly in which the pressure is to be
measured. The second chamber of the diaphragm-based manometer is commonly referred to as the
reference chamber and is typically (although not necessarily) evacvated and sealed at a pressure that

i3 substangially less than the minimum pressure the sensor senses.

[0005] A diaphragm, which is generally circular, is tensioned and separates the two chambers within
a housing of the diaphragm-based manometer. The diaphragm is essentially formed of a thin metal

that is mechanicaliy constrained about its periphery. The diaphragm reacts to differential pressures



that is mechanically constrained about its periphery. The diaphragm
reacts to differential pressures | by deforming into a bowed shape with
the periphery remaining stationary. The diaphragm, thereby, serves as a
flexing, grounded electrode. The diaphragm deforms as a reaction to the
pressure difference across it and also interacts with electrostatic fields
such that the deformation of the diaphragm may be resolved through
these electrostatic interactions. [0006] In close proximity to the diaphragm
lies an electrode assembg. This assembly generally includes a stiff
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configuration of the conductive electrodes of conventional diaphragm-
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The measured pressure change may be used for altering the
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deflection of the diaphragm.

[0008] As the diaphragm is displaced, capacitance between the diaphragm and the conductve
elements changes. The changing capacitance causes a change in charge being sensed from the two
conductive elements, thereby providing a measurement to determine a change in pressure n the
process chamber. The measured pressure change may be used for altering the environmental

conditions by a controller of the vacuum chamber.

f0009]  Diaphragm-based manometers are very precise. However, as a result, the manomerers
have components and tolerances that, too, are very precise. Generally speaking, there are a fair
number of components in conventional diaphragrm-based manometers that are used to (i) reduce

temperarure vatiation effects (e.g., thermal expansion and contraction) that impact repeatability of



[0009] Diaphragm-based manometers are very precise. However, as a

result, the manometers have components and tolerances that, too, are

very precise. Generally speaking, there are a fair number of components

in conventional diaphragm-based manometers that are used to (i) reduce

temperature variation effects (e.g., thermal expansion and contraction)

that impact repeatability of 2 the manometer, (ii) reduce stray capacitance

effects on measurement, (iii) reduce alignment variations of the

e COM ontent?_in tge manometer, and so forth. As a result, the cost and
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overcome many of the problems of conventional manometers by (i) using
a monolithic design in which the base serves as the housing, thereby

reducing thermal effects, (i usinaﬂ:a lass coating on which conductive
elements are formedsl'grg?fg‘%% it Mb’r BSes, thereby
[00‘.“?}1 pfﬂ)é/ %&ﬁ&s glfv H%' ;(yégc%lceﬁgc %tc%ug@‘", c;pr::[ee Q%Q ; f;vthg] énp %{grrsxétlg(f conventional

capacitance between'the conductive elements by pﬁragm as

SRS S EEs Arimg ekl e dayTaith e etweE tettohduriniy ehereby
rediglegribatsabeitkthe (ﬁpﬁ@gﬂ@glm@s;g&&%f&sﬁd&@h@ﬁ%% @E@Hﬁﬂne;i using
phoBARGMIGIRr S EIEDY,INGICASING SEN SV 10 qé%s grgocsggga%esihggg ) i
ag.roundln_g a sensor circuit'to the housing, there reéucmg stray

PatRs SRS CIERTE A FRAYERTG EEmTRkT RSt SitRbisah Gmepes®yUminguring

chatpese gtrsttorabarvd el eotioalconfigiuninnm e aitbiiRaadasivingerformed

by BEIGERRESAM BARRLIAGHE, NG LoAROMEIEL, the manomeler @%ﬁ% ) grounding
significantly less complex and less costly to’oproP(’:Iuce, be cdpable ‘fk%lng

* SRBAUCAT TS TSRS Bt I Arurna s rotes, St vedesd ssrrampletey of
the envirorimental changes, thereby beinganmoiedeifigatalle, oivardinee Al facruring
proc@%’é@gcj ERRuEXRENHY %ﬁo%@@gf@&%gomcter may be significantly less complex and less

costly to produce, be capable of being produced in 2 large scale manufacturing process, and be less
sensitive to environmental changes, thereby being more repeatable over time and being less

expensive to manufacture.

[0011} Onpe embodiment of a vacuum manometer may include a ‘base including 2 side wall
extending higher than a center portion including a top surface and a bottom surface. Multiple
conductors may extend through openings defined by the center portion of the base, A glass coating
may be attached to at least a portion of the top surface of the base. Conductive elements may be
disposed or the glass coating and in electrical communication with said electrical conductors. A

diaphragm may be connected to the side wall and extend over the conductive elements.



[0011] One embodiment of a vacuum manometer may include a base
including a side wall extending higher than a center portion including a
top surface and a bottom surface. Multiple conductors may extend
through openings defined by the center portion of the base. A glass
coating may be attached to at least a portion of the top surface of the
base. Conductive elements may be disposed on the glass coating and in
electrical communication with said electrical conductors. A diaphragm
may be connected to the side wall and extend over the conductive -
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[0015] One embodiment of a method of manufacturing 2 vacuum manomerer may include

~ receiving 2 base having a top surface including multiple conduactors extending through the base and

above the top surface of the base. A glass coating may be applied onto the top surface of the base.
The glass coating may be flattened to form =z flar glass surface. The flattening may cause the
conductors to be altered such that respective exposed portions of the conductors are substandally
co-planar with the flat glass surface. Multiple conductive elements may be applied onto the flat glass

surface, the conductors being connected to respective conductors.



receiving a base having a top surface including multiple conductors

extending through the base and above the top surface of the base. A

glass coating may be applied onto the top surface of the base. The glass

coating may be flattened to form a flat glass surface. The flattening may

cause the conductors to be altered such that respective exposed portions

of the conductors are substantially co-planar with the flat glass surface.

Multiple conductive elements may be applied onto the flat glass surface,

the conductors being connected to respective conductors. 4 BRIEF

DESCRIPTION OF THE DRAWINGS [0016] A more complete

understanding ofRREEFBESTRIPTIGHN oS Ot ©RIUREIRIES Of the present

Hp/entl ined.by reference to the following Detailed
o R B e R B P DA
AT e O 19 st Prstafsnnsstratidn flarriti Shestied Wsuimion when taken in
comvarsmeidr bonfiguredvitpIonstpressie changes in a vacuum chamber

utilizing parasitic capacitive coupling; [0018] FIG. 2 is an illustration of an
i“‘%ﬁﬁs?é%vielbagélwaem@ ebrrlifesveistermnts tisposed thefigonrd andnse pressure
changuiingepatasificheapaaitiiengoapling Asiwsantigicpnductive elements;
0019] FIG. 3 is a block diagram of illustrative circuitry in communication
PO o e Fpreaieryo o Blsitiadepaettintegcoupling d e rehetiierngd thereon,
and BRG] Pabind ispan-isimlioneHusrive £RAAUSIAL Slements for use in
sensing changes in pressure in a vacuum chamber; [0021] FIG. 5 is an
[0043 diffeat schnvhtibeatarrfiletrative Giroit Usedhimatiing antl SQARIARGS having
parfenCtiphaitale MRPS, skekhas.dhgse shown in FIG. 4, for sensing pressure
changes by a diaphragm- based manometer; [0022] FIG. 6 is an

1003 SP&ridh-otailtiitstrativt insmoimetendhowisgpartidas ot SeRsRing changes in

preftELIHTY rabase cignghgonductive elements for use in sensing changes in
pressure by the manometer, [0023] FIG. 7 is a signal diagram showing

[00RRiST&tive dryerebigrials seivdnmieastre disignalbasei0tdiapiagiR and sensing

conasitionetadiaphragmsbasad, manemeter. in accordance with the

basg inci Iegteof the present inventri%n; [OO}.%EE])rI F%é%s, IK%%?C%@%??V%W I@I;’G’Qakf’tagm ]
c; are Mustrations of different stages of manufacturing a

[0022] FIG. 6 is an fliustration of 2n illustrative manometer showing pos:tioﬁs of sensor drcuitry,

base, and conductve elements for use in sensing changes in pressure by the manometer;

{0023] FIG. 7 is a signal disgram showing illustrative dryer siguals and measured signal based on
- diaphragm position of a diaphragm-based manometer in accordance with the principles of the

present invention;

[6624] FIGS. 8A-8E (collectively FIG. 8) are illustrations of different stages of manufactaring a

diaphragm-based manometer in accordance with the panciples of the present invention; and

[0025}] FIG. 9 is 2 flow diagram of an illustrative process for operation of a diaphragm-based

manometer for sensing pressure changes in accordance with the principles of the present invention.



diaphragm-based manometer in accordance with the principles of the
present invention; and [0025] FIG. 9 is a flow diagram of an illustrative
process for operation of a diaphragm-based manometer for sensing
pressure changes in accordance with the principles of the present
invention. 5 DETAILED DESCRIPTION OF THE DRAWINGS [0026] With
regard to FIG. 1, an illustration of an illustrative manometer 100 is shown
to include a machined base 102 and cover 104. The machined base 102
may be a metallic base that is formed of a pure metal or composite alloy.

In one embodifierft e RAERTTIE TEN 1B THE DRANRIGRal coefficient

- of expansion. The machined base 102 may use a metal alloy, such as
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maprobleprssas conventional Ron-FeRaiC MARAIMETEES: 1007 IR sents of the

mmgﬂipg{;ihb@%etﬂ@% mayinglude a mesa section 106 that has a top .
surface 107. A diaphragm 108 may alzz’?)b e Tormed of & mets BPiraesr 100 i

congifigiyd o b BMAESIcel Broaes Besnenetsi Ot seribethive foirrabomee A0 has
sigrifiemsiicolated, insulaiing layer iQ.may be-dispesed omthe 1R SUEACE 10 F
mafdntbie.mesa 106 of the base 102. The glass coating 110 may be

connected to the top surface 107 and may have conductive elements or
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di itiQ Qtalithogr ocesses, as understood inthe art.
*0028] G,lgns%sp’fgesgg-tﬁ?aﬁgﬁé’?ﬂ%%- .34’3‘2%0%%\78@ filti‘)"?ﬁ BECEAETITEgUsly

des P LB AT g £ BRAeRr By e atredar 106 Gt bdiseot @ herglassface 107

of theaubthto6ighed i:ésérmﬂmdm@si?seigﬁ%ntselé%ablkéﬁn%c@ﬂ%ﬂy@lxﬁﬂéu@%ce 107
et coosiio Va o iR IR T ot e T
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{ooz%ﬁh@mé%?eégﬂ%@hg 'ﬁ%%-ﬁrﬂz% i(@oﬁﬂ?ﬁ%;@ mqgr%a;rr Qee extended through openings defined
by the mesa 106 of the base 102. The glass feed-throughs 114 include glass elements 116a-116¢c
(collectively 116) and conductors 1182-118¢ (collectively 118) that extend through the mesa section
106 of the base 102. In one embodiment, the glass feed-throughs are created using a powdered
form of glass and processed by heating or otherwise to form glass frits in the openings. The

conductors 118 may be used to connect conductive elements 112 to sensor circuitry (see, FIG. 5).

10629] The base 102 also includes sidewall 119 that exrends higher than the mesa secton 106 to
enable the diaphragm 108 to be connected thereto and pass over the conductors 112 supported by
the mesa section 106. A canted ring 120 may be disposed above the sidewall 119 and enable the
diaphragm 108 to be connected and sandwiched between the canted ring 120 and sidewall 119 at



conductors 118 may be used to connect conductive elements 112 to

sensor circuitry (see, FIG. 5). [0029] The base 102 also includes sidewall

119 that extends higher than the mesa section 106 to enable the

diaphragm 108 to be connected thereto and pass over the conductors 112

supported by the mesa section 106. A canted ring 120 may be disposed

above the sidewall 119 and enable the diaphragm 108 to be connected

and sandwiched between the canted ring 120 and sidewall 119 at 6

connection Point 122, In one embodiment, the manometer 100 has a
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Oﬁ%ﬁgand to FIG. 2, an illustration of an illustrative portion 200 of a _
10030%, Rarh et ISR 0 HRSERRDR 4 gR iR B tPredr Réheé feraorogse: is shown
o durfhcoRtRiof of basedsehown Aodaclude-a Pass : CAaiRGRA3 Habifide 2 glass
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capR@ASiticpicRPagitive Carplings2AG e ba nteriered with-inthe center of the
conductive elements 204. [0031] Conductors lines 212a and 212b may
{0037 eondptraseliand2! phase ignalsyaipplied ithikeagdnditatorsines 2h2d to the
con@Ah2 120, FESRREBYBY R RNk, signalisshgwn,to be on conductor .
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region of the condyctor
clemenh DL Lo €Cts arlugner number of charges from the - phase signal when the pressure 210

increases on the diaphragm 208,

[0032} With regard to FIG. 3, 2 schematic block diagram of illustrative sensor crcuitry that includes
both drive circuitty and sense circuitry is shown, In addition, a first conductive element 302a,
second conductive element 302b, and third conductve element 302¢ are shown. Each of
conductive elements 302a are different parts of a single conductive element. The samne holds true
for conductive elements 302b and 302c. Parasitic capacitive coupling 304a and 304b are shown

between the first conductive element 3022 and conductive element 302¢ and the. second conductive



elements 204 collects a higher number of charges from the - phase signal
when the pressure 210 increases on the diaphragm 208. [0032] With
regard to FIG. 3, a schematic block diagram of illustrative sensor circuitry
that includes both drive circuitry and sense circuitry is shown. In addition,
a first conductive element 302a, second conductive element 302b, and
third conductive element 302c are shown. Each of conductive elements
302a are different parts of a single conductive element. The same holds
true for conductive elements 302b and 302c. Parasitic capacitive coupling
clem e o0 ST SO ABPARETEN SR dhe e T i ird toooRendictivismbamit 30Rewiptated
witgonglictiveeiemennt3a 50 the,sacongl conductive 7 element 302b and
conductive element 302c. The third conductive element 302c is
(%6 e i gitatate Wi comdatd coatermrermeBogdland S92 (Sbes FlGuat) wave. An
osc{l933}hnal asCjllatinn 306 ili }QQEH‘@_#&QQ iEchﬁﬂﬁl 3@§%t@c{1]¢;§&i!!@ft@mhﬁ'%@ls1z. The
re wave. An_oscillator si 0, which is a + phase, ,
o 28 RSt I, 00 Tonlh 8 el igor s
or 3RYE S98E o imarfeatatPidinnil e BOguewrdhalislie snafeiniel teghmunication
wmswws@mmzmasena@w]&mmt?];pam#a&IQaﬂﬁlﬁﬁéﬁo%ﬂgu&ﬁ%ﬁcm
' iS4 ' munigation , with conductive element 302a an
e ot I e e GHUR -l s
andosfeRed IR IERHST finer s LB sher are crlteardorm iharsmation witbreon Alistiven te
pargigmept 802 couplich CO#f i@iﬂh&dﬂ&flﬁﬁee ?}l&ﬁ‘dﬂﬁ@% %@Eﬁ%@&ﬁs@hi@éﬁ%mh is
j ment 302¢ the parasitic capacitive coupling
B oith cor i Slomen CIBULA S CaL Al <oy B0 e, 91 s
maiRHePAIET B theTeHar st B reed| srdiearmphiande Sihnalthenitg the paraside
capparertechpisebtor signal 314 and matches phase and frequency of the
inverted oscillation signal 314 as a result of the parasitic capacitive :
(03 b R SORBITOTE 479K Ketradieeipdun S2an die déffersnfig simdl 2 Poeiwecessing
andtherslifferential:signal 325 lafPE0CRESIAG AR, OLRMLIREL BR-AUIPH SRR circui
32432@9%@100&%%Q% L%%ﬁtlg one er gcment, the é?J%g%sor c%llrcgélt, 324 is

configtired to generate the output signal at a full scaie preSSHr& fEgpyeponse to
A RIGRS T PEG8 SRR d6° FsRpRms P resser sitaing raymotiedttohthdiaphragm being
at adialpt_ma'gm &hdlrmeﬁi@ﬁa.dz el eSPORSE i@dh&mﬁm@%@jn%@g&m lignat 326
maPOSIOR SR RTESHIS i) m%nm%ymo'éaeag ?9&‘%?&%%@%”& e

a.2utput signal 326 may be communicated and used by a CORTRffer HbE 2 mass
OSSR Bf GVAE SRR ERATIB &F, iR AP S Hipaental parameters (e.g., temperature and

pressure) in the vacuum chamber being sensed by the manomerer.

[0035] With regard to FIG. 4, an illustrative set of conductive elements 400 is shown, In this
embodiment, three conductive elements are used. A - phase feed-through conductor 402, + phase
feed-through conductor 404, and sense line feed-through conductor 406 are shown to be connected
to three different conductive elements or trace lines. The traces lines include - phase conductive
element 408 that includes 2 linear pordon extending radially inward from the - phase feed-through
conductor 402 and curved portions 408a-408n that extend from the linear portion of the - phase
conductive element 408. A + phase conductive element 410 has a linear porton that extends
radially outward from the + phase feed-through conductor 404 in the center of the conductve
elements 400 and has curved portions 410a-410n that extend from the linear portion of the + phase

conductive element 410. A sense line conductive element 412 has 2 linear porton that extends



flow controller, for use in maintaining or adjusting environmental
parameters (e.g., temperature and pressure) in the vacuum chamber
being sensed by the manometer. [00351 With regard to FIG. 4, an
illustrative set of conductive elements 400 is shown. In this embodiment,
three conductive elements are used. A - phase feed-through conductor
402, + phase feed-through conductor 404, and sense line feed-through
conductor 406 are shown to be connected to three different conductive
.elements or trace lines. The traces lines include - phase conductive
BAALIREHE F58 s crtkdie fetiteseh 6PRErCEER A0 uIng ketdiainyd Parsiedrif-412n
thatthreeadhaseticied:thratigh ohaekictamd Q2 mnekicy ruad pations 408a-408n
that extend from the linear portion of the - phase conductive element 408.
[0038]. Th meg g1atacs e ariPremen o psstizirehmisoriontiairexiendtd8a-408n of
the Fagliadycodwaird Hlem:theos Plhﬁs&:faegdh{%ur?h&pm(g&@%% Bhatg}econducnive
el oHfk lye ents 400 an curved portions 41 Qa-41
e o, R A R o il =0
M2 PRy dandis e tarEve sRploa rroera S aiine Ak riofumiat clement 408
and exterids Buadialyciamard fromdhie senseline fesdithroughcontigaiardQb n.
condiifl-DaRALIVEM PRUIQNS Gla:dhaN (halextend fom e linear portion of. .
& the sense line conductive element 412. 0036] he Earve portions ™
© PPIETEAREAY BL B eptshEinPhe Confserporifors 408 aieendphmgm
(nottheowphasédipbrelictivediémentiod - anttaurve dDOHIGRS 44Qa4L0n fdhe b,
conduRhRSELORAuSIIVE, Slement 410, Thisipterdiaitization ofithe curved
40 pogtlons %Igthe conductive elements 405, 4g10, an iZI rovides for thé -
BRTSIE B SRRVETRD S5MTg e Rve STl thskriscreising bt raretimespacitive
coupli8 bemdesahse bheconductiveietemetitidhd, samd (i) Hedhdpha88nent 412 to be
_ redubQNOHELY€:E |§£}l§9£ é:;]pgcﬁ:@g &%ﬂﬁ&g'%& Qngklagg\égn%%%%%eﬁn]é% 4 % Elrxll S:I:'tnse
in ?h se co ductive element 410 is positioned toward the center pf the
¢ CORATERVE B Erds HotrttidhyaspedrtrtRE i sererdn et s lmpre sharges
fromB8; Whencardigphr sigmen(408 shoiminishdisplaseddeware teneanductive
003 Ievrgfj nts 400 in the center region above the conductive elements 400,
[0034) ook SR8 LRpaGitive CoRT Betiverritie rishrsa EopiListheelemesiude
excitdd@ amdusen$ellinectopd uctiveelEmentsddRismdistuepech: thereby: GRHSING et
circrh ragitic.capagcitive. ; [ e .+ phase conductive elemen
4%?0521%1 gﬂ g%se line %%%%%%egjegfgﬁ%m%ﬁ% t%hger %ﬁﬁcgﬁg\;\gﬁte%%%ngm ©
B AR R LB B B+ iaa BORGUH e LR IPLD armdrac
+ pheerrigmaliplet eoh dpictiveisie Hént=dZiskeduced, the sense line conductive

glement 412 receives more charges
[0038] The charge amplifier 504 may include an op amp 518 and capacitor 520, which combine to

operate as an integrator 1o integrate or sum current or charges being applied to the op amp 518. A
DC feedback path 522 may be confipured to maintain a2 DC portion of the feedback stable to
prevent the op amp 518 from becoming saturated in either 2 positive or negative side. A ground
line 524 connected to the positive input terminal of the op amp 518 may be used to eliminate or
reduce shielding from a substrate of the sensor from stray capacitance. In one embodiment, the

ground line 524 is connected to the base of the manometer, as shown in FIG. 6.

[0035] The synchronous detector 504 may include 2 multiplier 526 and sample and hold component
528 to synchronize the excitadon (+ phase signal 514) and ousput signal 530 from the charge amp



from the - phase conductive element 408 than from the + phase

conductive element 410. [0037] With regard to FIG. 5, a schematic of

illustrative sense circuitry 500 is shown to include excitation circuitry 502,

a charge collector 504, a synchronous detector 506, and sensor offset

circuitry 508. The excitation circuitry 502 may include an oscillator (not

shown) that is configured to generate an oscillatory signal, such as a

square wave, and a buffer 510 and inverter 512 to generate a + phase

signal 514 and -.phase signal 516, ectively. [0038].The charge
S0 e e ot or G iy semple
holdcenmipientos 28 etaiesas e imbg reft dretsare Brate38 ne garctrre mrepure signal or

ourpaPagge s engmapniedde-thegn-ampe k8 A DC feedback path 522 may
be configured to maintain a DC portion of the feedback stable to prevent

[004icTop wrapr S1Befronsirscoihingrsatindtedpirreaitheerrpdsitive oraedstivd to be
adjuSideoAgEang. lingra24eannested tg:the:Rositiva inputieaninglal the aly be
1, 2mp 51l)8 ma%i]be sed to Eli in?te or reduc% shielding f Oé’r'l atgubstrate of
utihz O sUuDsia; requce amplitide of g8 5t stage OIlfset 1%13?%4% (a)an} e ﬁem:mmetex

tﬁe sSensor I’OH‘I stray Ca acltance. In on§ empodiment, the grour‘?éa ne
538 bpaceyrpiepherierd agnifiseofeie v rsaRcterza sitovenadP EIPByaeducing the

mapt3O}ihersynelyoniis atestor:504. may Snchisesa duikiplesa26ia0dy large
emg,%nzgle %nd Qegldac%n onent 528 to S:Xn‘Chrtof"Zl% thigoezhgcn tog) (;r h@Sf} Laoe
Signaf514) and dutput sig al 53 fiom the Chiarge™amp 5 504, Which, aSa ¢
capa@apft afdfelirarertEarop et Bt S beir UseBeskshositive sepiadise 43 hi second
sragSARPI S ARG M depm pRRERE 528 ay e asuEeBMalHeof dha senseinaignal
548 5%2: to &EQ&%%E%% &reﬁssur% ignal or output signal 534 that may be
filtlered using capacforqéoé .?0040] The sensor offset circuitry 508 may
[podfiClvde Rpetentiametend 3B dhakis sonfiguiss tacbsr @M@Q{;@ Ralange The
the ase signal 514 and - phase signal 516. A volt divider 540 may.
PO i ety TR e BRATE S S Ll 8 BTt g o
figusa 2ofreiaEp GroxtiorAiETer! 538 hinemstipie efcordmss ofitnabnityderies of the
pres@@f¥alena secandstageneiisel signaked durBy.reohiniog: thaMAGRINgILQ04 is
shovtv?letfy%sét Ec’(} 2 %teoéf%? ta Ssllgg‘%llf é%%’ (?B%%p&%gog{]g‘]' m%g%@%qgsfg %Jorotv?’i%ed and is
significantly large enough (e.g., between approximately and
showim 5 G el L plER Fafa dePdec Fe v dea kil Ot p atimpiia cand 6122-612n,
wheleakag el eptsibatnuehatitonisenhe passed ime He.srnsedine:b3Ritated
A second_stage offset signal 544 is output from the voltage divider. 5
“6n 925000, Stage offset sianal 24 , :
R R e s e e t0oe. oo
612%gb’ﬁdférﬂgaggﬁve in that the actual conductve elements would be disposed on the top

surface 603 of the base G602 in a format as illustrated in FIG. 4, for example. Berween the
conductive elements 6082-608n and 612a are parasitic capacitive couplings 614a-614n that allow
charges from the conductve elements 608a-608n 1o be collected by the conductve element 612z
Simitarly, conductive elements 610a-610n and 612n have parasitic capacitive couplings 616a-616n
thercbetween to enable the conductive eiement 612n to receive charges from the conductve

elements 6102-610n when a signal is applied thereto (e.g., oscillating signal).

[0042] In operatdon, oscillator 618 generates an oscillating signal 620 and inverter 622, which is
connected to the oscilator 618, causes the oscillating signal 620 to be inverted to become an
inverted oscillating signal 624. Conductor line 626 is connected to conductive elements 610a-610n
to apply the oscillating signat 620 thereto, and conductor line 628 is in electrical communication with

10



[0041] With regard to FIG. 6, an illustration of a portion 600 of a
manometer is shown. The portion 600 of the manometer is shown to
combine multiple aspects of the portions from previous figures to
summarize functionality of the manometer in accordance with the
principles of the present invention. A base 602 is shown to have a top
surface 603 above which a diaphragm 604 is shown to be connected to a
sidewall 605 of the base 602. Circuitry 606 is also provided and is shown
cond be in commél&ication with conductive elements 608a-608n, 610a-610n,
COHEE 1TRE TR PR B AR D EETRALIEHT B8 Hemis G0 8aB0aMmled to the
congu@ze BikOnneift-cBa -Gl freliniengigitindsfingersi-alise speciy te base 602
o andustiaalements. 16 caNduClYa.€IGMall 80880000, 0.0 00 s, e

o0 Wi
e e?ements

d m%l;]l(tzl 5@1%)2%1 12n are illystrative in that the actual con ' .
W7o tIa Bt e B He-151P St e Boxidiate bazeiens iina féPniticsis in

clecitigdtreronhcfi@, Wi orekanpléoBetwetn-then eonguctive elem@Nsih, receives
<ha08es6@8N:800:6122.35¢ RAtAsIiBEaRagive Gouplings 614a:614n that i e
y

sen oW u(lztpvaggoes from ]ghe conductive elements 608a-608n to be collected |
the Conguctva SIEMBRE 612a “&iiarkF L SREATEIRS &l G1Dhegnodn any

systemcP G TRtV frasitiv bapacitivercouplings.0 16a-616n Hyerbhabyerndeline
638 eable e CaRdHCUVe-RISMQALH l&%&ﬁ&&%%ﬁu%ﬁ%&?%ﬁ@aﬁ@?& y capacitance

frm(}:?lgducti\r/geavseul‘reement 610a-610n when a signal is applied thereto (e.g.,
oscﬁfgﬁ%g.agnéﬂ? AT EPEPSID B IGIRBRETS JRtierates Aiguiny 636 may
ourys éitrativigistghEe 0 amdt ineeftér 622, which is connected to the

illator 618, ses the oscillating signal 620 to be inverted to become
m"%ﬁ‘g& i %?i%uﬁ*@ Sighesr aon! QG AR CRH i BB T baNPEched s hronized

_ INVErted oscll
vittcppritictive: elerdiepits 82 Qa6 kOncuocapyisthi Oseilating sigRal 628 diaphragm
posiiarela. aodiconshctoring 628 is melestisel.communication,with .1
AZSI ondcliug[tive ellements d6,08a—608n to aleénw the iﬁ)%rtedeégéﬁ aﬁ%_éos%n%%ﬁ%m

| ?tcl)e seapphied (8 HELIARTEIIE SEme B Restsngh, prassbegehralghts the
diapmes. 630t preex endediirodgh hé batert82utope skl evtiehcorALIC ks ured
signliies 626.and S28-e-Pe nislactical commuynicatian with conduct
the erIgS@entgdg%SQaﬁ%Oréia%{éﬁGOB -608n, respectively. Icn a%dd%gg%fy ag ét/on eug%OrAS

ine 632, WhICH is 1" electical S MR e S PR e N G ctivhosTe FRafin 1o

null gresws RN B2g i shfedetiho nhr 680 b greCEiv esbeharges:6ia4 fr input

[00 [ t%tgrlgoarrgitrg Itr 6%2.; %round line 638 may also be connected to the

%Lnsor cﬁcwtry%&%sa {6 bASE BEI AL SARHISTAY ¢ Attt ® apoess and
mangihfe fSriftyeresTt in Gnynasydiemingutpartictigr htd elevantWiithregard to FIG. 84,
the ﬁ&%m&%@ﬁﬁs@ mitigated in.itgcHect. 5@’0&'%@&&@(&9 r’?ﬁi@rgmlci:ggcd base 800z may
be the base itself or be 2 base that has some amount of processing already performed. The
machined base 8002 may be metallic or metal alloy. By being machined, cost may be reduced as
compared to altemnative base materials, such as cetamic. The machined base 800z is shown to have
glass feed-throughs 802a-802¢ installed at step B. The glass feed-throughs 8022-802c may include
conductors 804a-804c, rcspecﬁvelﬁr. The glass feed-throughs 802a-802¢ extend through openings
defined by a mesa 806 of the machined base 800z, In one embodiment, the glass feed-throughs are
applied to the base 800a after receiving, At step C, the machined base 800a may be fired or heated
such that microscopic crystals in the machined base 8002 are released, which reduces deformation

due to heating and cooling cycles when operating in a manometer,

I



638, coaxial cables that are generally used in conventional manometers to
prevent stray capacitance from affecting measurements by the
manometer may be eliminated. The sensor circuitry 636 may output a
sensor signal 642 on output line 644. [0043] With regard to FIG. 7, a +
phase signal 702 and - phase signal are shown to be synchronized with
one another. A diaphragm position curve 706 is also shown. At time TO,
the diaphragm position curve 706 is shown to move from a null position
essure is lied to the diaphragm.. As the diaphragm is increased in
100 R TR 8 FT Psiieer by, pAASSATA B A RUE 1 HED avpfi g, mes
806theddti apten EregitsathrrienBbiosa hulkspalé sorespurespasitionl whiehx of glass
in CAUSCRAMRASHAE SIgRAl L0810 48ach AMGMMMARPHINGAC Al induding
espond%ﬂp the - phase signal at time T1, As the pressure reduces

._Cor .
hqw&)ér)1g T B AS R ThE BT R AR PSSO FPRTR2 718 B shown to return to

0046 md'thE S @i@”&:@s\é\é i.(ﬁ,] ga JE' r | | & 1c 0
Iim%o]zer afggt%?r#e 3 %044 WitE u%%%FIG lmggfﬁ Eg,gagifjlcgglvgc%gﬁ é%ngnﬂat j

. [0044] regard 10 8A
iH7S & AfiE SR B ARG tﬁ?&’@é%g%gﬁdwfﬁé%m%%ﬁé@F‘éﬁéﬂsa’ihﬁ%“s feed-
thrgygn $Retéiingrp rboassusthgh ardishawhn: Withregadt4osM46 rd@Ardheound such
th2tHRGERS SIS aisStaRA=Whare.aaehined Rase S80S ISR s0 N e come

copmac ined base 800a may be the base itself or be a base that has some
Pamount of processing already performed. The machined base 800a may

[0 weialic.armetalallqy Bybeing.machipad. cost May.pesducad as o 805"

compared to alternative base materials, such as ceramic. The machin

Tho e 6% SHEVRR F5PREtY GBS MERAEATBRRIRS SasBOothins Cifetedin the
progeprB oTiverglagscieedithrotig s 802a1802di tmayairtdtutdeceondy bkosscformed to
pro&%aﬁg%(ﬁnggscﬁﬁcwlyonﬁt}&géaﬁggg; tl&"!og&tﬁbgg) %&i@gzge%xg%@g 4. The
W th[&u h Qpenings defl,neld by a mesa 806 of the machined base 800a.’In
PhogHE BRBOIRRETT: TRE HtE8E TSt O R R PO C 167t p AR 8 BeRguction
of saftesprdeaiviAgpsitssteg-GrotieimthehinetiHase8D0arimay-befiréd-abdieatBis.

allo®Yeh: that micrescopiceiysialedn he, machined baseR00a are releasad. biaced

i wrilrilcp rgaduc%s deformation. due to hearing and cooling cycles when
 foperating iffa MarSHEtEr ¥ [(UFsr Wit TebaRFIo TG, ¥B4t slegenapetes
simgtargoesiiating 808 is applied to a top surface of the mesa 806 of the base

. The glass_coating 808 may be applied as a tape casting, which is a
f““‘*sr?g)%%fhgfs%ﬂg R A%k |§ry”f ?ﬁ’ﬁﬁﬁf%%ﬁ&&ﬁm@mﬁ%‘feaw%ﬁﬁea IREEEPn of =
mangjreeeds '@tk@f{rﬁbmtsvo&gﬂhsg;im&ding&itqpﬁ@hgiasﬁmﬁamysaﬁmmglas&fqrmz, a
chakB&¥h l@@rﬁ&ﬁ'@ﬁac%esmmghg@e@gmasiﬁc capacitive coupled conductive elements in

response to 2 diaphragm disturbing the parasitic capacitance coupling between the conductive

elements may be sensed In disturbing the parasitic capacitance coupling, an electrostatic field that
creates the parasific capacitance coupling may be altered by the diaphragm entering the field. The
sensing may cause charges to be sensed from a sense line by 2 sense circuit. At step 904, a signal

representative in the change in parasitic capacitive coupling may be output from the manometer.

[6649] it shouid be understood that the description and drawings are llustrative and that alternative
structure and ‘processes may be udlized to perform the same or analogous functionality in
accordance with the principles of the present invendon. For example, alternative circuitry may be

utilized to change phase or types of signals, but result in the same output. Still yet, different trace
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[0046] With regard to FIG. 8C, at step E, the applied glass may be ground
to become flat to produce a flat glass surface 808' on the base 800c. With
the grinding of the glass 808, the glass feed- throughs 802a-802c are also
ground. In addition, the conductors 804a-804c, too, are ground such that
the glass coating 808', glass feed-through or flit 802a-802c, and
conductors 804a-804c become coplanar. [0047] With regard to FIG. 8D,
at step F, a metal layer 810 may be applied over the glass layer 808". The
metal layer 810 may be deposited using a vapor deposition process, such

ine coniiRurtioRt Th e IHTE R BT MTCoilEedrehipsisebtepr@pensated for by
the ﬂhﬁhﬁ*tthOmaﬁmﬁmahe&ﬁmwbﬁ:%efgarf{p@d@sdag%aér@%w% thRdkuce a
: cond nt escr. erein (s .4)..The .

dmp%%%toiith %%ﬁ%%&é%fﬁ%%ﬁéﬁ% gmﬁéggn%‘% Ieésf%rlggeesué?ené that

[00stle isqdnothelpidunkanohSeT CRI0MEEBE ChIRE RS MBS 100G InthBn, the

invd¥od NS DANMACWING,Process descriped in FIS 8, allows formags
production of manometers, &s each of the Bases of e mandmatas may e

the FeBrasatr Taaiimyiect 2y malsnretinirsetainy Sheretiorbn g tsedescribed in

detgiierfoerdidvy ruitiple MANaMEetes Simuiapeaunsly: [POAS]With#eaalddowin
gredidGnihcAfQ diagram 900 of an illustrative process for operation of a
manometer’in accordance with the principles of the present invention is
shown. At step 902, a change in parasitic capacitive coupling between
parasitic capacitive coupled conductive elements in response to a
diaphragm disturbing the parasitic capacitance coupling between the
conductive elements may be sensed. In disturbing the parasitic
capacitance coupling, an electrostatic field that creates the parasitic
capacitance coupling may be altered by the diaphragm entering the field.
The sensing may cause charges to be sensed from a sense line by a
sense circuit. At step 904, a signal representative in the change in
parasitic capacitive coupling may be output from the manometer. [0049] It
should be understood that the description and drawings are illustrative
and that alternative structure and processes may be utilized to perform
the same or analogous functionality in accordance with the principles of
the present invention. For example, alternative circuitry may be utilized to
change phase or types of signals, but result in the same output. Still yet,
different trace 12 line configurations of the conductive elements may be
utilized and, optionally, compensated for by
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the circuitry. In addition, alternative manufacturing processes may be
utilized to produce a diaphragm-based manometer in accordance with the
principles of the present invention. [0050] The previous detailed
description of a small number of embodiments for implementing the
invention is not intended to be limiting in scope. One of skill in this art will
immediately envisage the methods and variations used to implement this
invention in other areas than those described in detail. The following
claims set forth a number of the embodiments of the invention disclosed
greater particularity. 13 CLAIMS What is claimed: 1. A vacuum
mangmeter, comprising: a base including a side wall extending higher

What is

[%3]

4. The vactRIFHARSITTE o RAiFG
there are ﬂkﬁﬁﬁé@iﬁ@lﬂﬁ@k&@nﬁﬂﬁﬁ@r&de wall and extending over said conductive

an a center portion including a top surface and a bottom surface; a
plurality of conductors extending through openings defined by the center
portiofeF s bHEee s (1489 éBaging attached to at least a portion of the

top surfaeesofsaidibase: @ pldralibeaficgnsuctive slements disposed ORiing a

said glass coating and ‘Ln lectrical communication with said electrical
conductord?BAY 4 GidPhtaghi CdRHetiEd to the side wall and extending

over saidp¢antiyctiVecaldrments:x2enfhe vaeuum manoimetefiacddrdirg: toenter

claim 1, Whergin s§id .ﬁ%ndu_ctive elements are vapor deposition deposits
. OIHon or sal aA80) . .

on said gIans coating. 3. The vacuum manometer according to claims 1 or

2, furthezbensprishag e pledalityt dfagmpsteadofiihsughsweonnettitg kese:

inside %ﬁ?é&%&v%@%@&%@@&&ﬁ@ﬁ%&@p\%@%é@éﬁi QQQ%QHME SNGUGIrSCa)

respectively pass, the glass feed-thro%%hs providing vacuum tight seals.

SHRABAHETSFERims 1 to 3, wherein

elements.

The vacuum manometer according to claim 1, wherein said conductive elements are

vapor deposition deposits on said glass coating.

The vacuum manotneter according to claims 1 or 2, further comprising a plurality of
glass feed-throughs connecting to inside surfaces of the openings through which said

conductive conductots respectively pass, the glass feed-throughs providing vacuum

tight seals.

The vacuum manometer according to any one of claims 1 to 3, wherein there are

three electrical conductots.

The vacuum manometer according to claim 4, further comprising circuitry in
electtical communication with said three conductors, sald circuitry configured to (3)
drive two of said conductors with respective alternating electrical signals that are

opposite in phase and have substantially the same amplitude, and (i) receive a net

charge induction signal in response to said diaphragm moving,
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10.

5. The vacuum manometer according to claim 4, further comprising

circuitry in electrical communication with said three conductors, said
circuitry configured to (i) drive two of said conductors with respective
alternating electrical signals that are opposite in phase and have
substantially the same amplitude, and (ii) receive a net charge induction
signal in response to said diaphragm moving. 14 6. The vacuum

manometer according to claim 5, wherein said circuitry is configured to
collect charge in response to said diaphragm interfering with parasiti
capdCitiveT LB BIG BERRAER TR 5P tHEBohdiciva B e TaE AR
comysiicaliiapewihrethedwocoadudigis-aammniefdhealte ating éleetpicadve
sianals are helng. driven, 7, The yacuum. manometey. aceqrding.tg laim. Sy,
wheTein said conductive elements” include three mteréfgltate conductive
elementse 8oTihe vacoumbmatomiterdceotdingtosighealnave bevardinea first
interdigitated conductive element extends in substantially circular
diregtiens:fiem afirshlinearcondustive siip extending (adiallydoward framn:s
a first one of said conductors extending through said base; a second

intettf g&“"@dﬁﬁﬁ%ﬁ% éﬂ?é{?‘?ftég&gﬁaﬁlﬁswbstantially circular

directions from a second linear conductive strip extending radially outward
fromlhesecona: oheehgaidcendoctordaxténdlimgetirough said base; and a
third intz?r%g@aﬁgrg%ﬂgﬁégti\é%rﬁigmept axtends éQtéHQStﬁntl&%Mt%@iﬁlﬁf circular
directions from a third linear conductive strip extending radially inward

from a third"6FHE BT 858 &dtiUttETs EREHETG PG Sapaaly & pfe from
vacuum mafemeter-achardinguiacelaime8awhereinpradbihe two

conductors Witep alter&'lglate electri%al sign Is is connected to tfg}e firstHT eul
interdightated Conatctie Efe FEHt The ofierBf the' o BndUSHdrs With™
alternate eléciricalssigmals isccodrneeteddoithevsegond-inteddigitatedy outward
conductive glgmant, Aad. Ine g canduelor. s cannasiedia g birdog
mterdlgltateé) conductive element. 10. The vacuum manometer according

to any anehoicclditpstigitoeg, werkeihvsaigidnzases jgxtends in substantally circular

directions from a third linear conductive sttip extending radially inward from

a third one of said conductors extending through said base.

The vacuum manometer according to claim 8, wherein one of the two conductors
with alternate electrical sighals is connected to the first interdigitated conductive
element, the other of the two conductors with alternate electrical signals 1s connected
to the second interdigitated conductive element, and the third conductor is

connected to the third interdigitated conductive element.

The vacuum manometer according to any one of claims 1 to 9, wherein said base is

metallic.
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11.

12.

13.

14.

15,

metallic. 15 11. A method of sensing pressure changes, said method
comprising: sensing a change in parasitic capacitive coupling between a
plurality of parasitic capacitive coupled conductive elements in response
to a diaphragm disturbing the parasitic capacitive coupling between the
conductive elements; and outputting a signal representative of the sensed
change in parasitic capacitive coupling. 12. The method according to
claim 11, wherein sensing includes collecting a differential charge in
response to the diaphragm crossing an electrostatic field that provides for

the parasits capaciive, coupling between the.candusiive, lements. 13,
The metho accordlr%gpto"c aims 11 dr?g, wherein sgnsm% includes
sensingeasdifferdntiat thangstn theeparasitivdagdeitve touphing hetoeritc
(i) a first signalline %@&?ﬁ@éemﬂa%@ngé%ﬁ@eﬁmg@m@ lipe and 108, om
sense line. 14. The method according to any one of claims 11 to 13,

further coniSFERIGEOTECRT StaP CHPAG taREakF IEAY B gfoui fivfectements:
circuitry cogfigured to perform said sensing. 15. The method according to
any one of claims 11 t0114, further. comfprisin%: a pl)éing a first oscillating iy
signal S8 AR Rt CHUE SRR ISt Of the “KBNGUAtRIS elBrRaHaic capacitve
applying asegding oscillating signal onto a second conductive element of
the conductive elements, the second oscillating signal being 180 degrees

out of,phase fromthe. first aaclliating,signal. and Whekein sansing nghides:a
collecting charge as a result of more positive parasitic capacitive coupling
beirfgi HtdRIEPAR HeGa it PARR T CHISRHIVE ESHmES 4 ghar provides for

the parasitic capacitive coupling between the conductive elements.

The method according to claims 11 or 12, wherein sensing includes sensing a
differential change in the parasitic capacitive couphng between (1) a first signal line

and a sense hine and (1f) a second signal line and the sense line.

The method according to any one of claims 11 to 13, further comprising blocking
stray capacitance by using a ground line for circuitry configured to perform said

sensmg.

The method according to any one of claims 11 to 14, further comprising:

applying a first oscillating signal onto a first conductive element of the
conductve elements;

applying a second oscillating signal onto a second conductive element of the
conductive eiements, the second oscillating signal being 180 degrees out of
phase from the first oscillating signal; and

wherein sensing includes collecting charge as a result of more positive parasitic
capacitive coupling being disturbed than negative parasitic capacitive

coupling.
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16.

17.

18.

19.

16. A vacuum manometer, comprising: a monolithic base having a top
surface and side wall extending higher than the top surface; a plurality of
conductive elements supported by the top surface of said base; a
diaphragm connected to the side wall of said monolithic base and
positioned above said conductive elements with respect to the top
surface of said monolithic base; and an enclosure configured to cover
said base above said diaphragm. 17. The vacuum manometer according
to claim 16, further comprising a glass layer connected to said monolithic
basg, and wherein said conduetive elements are connected to said glass

vaéuu anometer, Cotn nt% i X
layer. 18. The vacuum manometér according to claims 16 or 17, further

comprisifypemiteiebriedlacirauit ConTeErdnst siid vehducidaeleientdan the
and configgg,liegl;@lée’nse a change in parasitic capacitive coupling

between conductive elements in response to said diaphragm moving in
respond&® WAHERANGRN eSS 9PPRE AR RRaBHEIer SiCEPting

to claim 1&,whete dorsatdemenglihiadask is eanfiguredio Brableispididoned
electrical cifelt to groduge the sybstantially same measyrement when,: ;g
said base is %vai\i}aén t%?ﬂp%crﬁtﬁr% after one or more thermal c?ycles. 17 50".

An electricaboirbtitcforsmeasuring pressure changes on a vacuum

manometer, 5ald. eleariaalicl cull.comprising: An o8¢ Aty generating an

&

oscillating signal; an inverter electrically connected to said oscillator, and
configured to invert the oscillating signal _being enerated by said

oscillfor 8Pt BARARIEHE BIRINER Th BRbCrichl BEMh RIBRHSRIWF aid™ v o
oscilatarcthe oseiltatingrsighal beiag apphddicsaidfirsirchatictilenents are

element; a sdecond c?ndyqtive element in electrical communication with
connecte ass ayer.

. do
said mverter,tt?u%:'m G

The vacuum manometer according to claims 16 or 17, further comprising an
electrical circuit connected to said conductive elements and configured to sense a
change in parasitic capacitive coupling berween conductive elements in response to

sald diaphragm moving in response to a change in pressure.

The vacuum manometer according to claim 18, where in said monolithic base is
configured to enable said electrical circuit to produce the substantially same
measurement when said base is a given temperature after one or more thermal

cycles.
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20,

21.

22,

inverted oscillating signal being applied to said second conductive
element; a third conductive element being in parasitic capacitive coupling
with said first and second conductive elements; and sensor circuitry in
electrical communication with said third conductive element, and
configured to measure charge on said third conductive element. 21. The
electrical circuit according to claim 20, wherein said sensor circuitry
includes a charge amplifier circuit configured to generate a voltage in
response to receiving charges from said third conductive element. 22.
The glestrical circuit according 1o, claims, 20,01 21, whereln said sensor., ..iq
circal?ry IS grounﬁe(ﬁ% a base of the vacuum manometer, and wherein
said-kemsaraircuityistigagrded from stray capacitance by the ground. 18
23. Thg@@gﬁ%@g} &Q&Ltﬁﬂg%ﬁrﬁﬁﬂa@@&%ﬁﬂe of claims 20 to 22, wherein

said sensor circuitry includes sensor offSet circuitry in electrical _
commutidatFFiter satvosEnatsdfdeiasiasre rrdrie pBRTGH fed oot the

receive the.esGillalingsignahascatirall inputsigeahand the inverted

oscillating signal as a second in ulfsign l, said sensor offset ci cuitrﬁ/ - the
includirfgh 3 Vafibre sy ﬁi%?%ﬁ%tn*e?cf Eiit TR et & to Bhabid g™ "
user to variabiliacadjtistdhebireenthielficstadhfl-secorddtputisignals to
generate a first stage offset sianal: & voltage divider configured fo.reduce
signal level of the first stage offset signal to generate a seconcfstage '
offset signalyeid ascapbeitivenel bavamiralecdrie s cormecteniy saidlement

voltage divider ang crafigured: Bei @ﬁﬁé&@ﬂﬁti%zﬁlﬁm%ﬁgiﬁg%ﬂﬁ? hatsr:
a third stage offset signal is of appropriate phase, the third stage offset

signal beirtFapined (O HBUEI IR AR of said sensor circuitry

connecteskte saidithind erpgictivenelementoR4vitheialeciicaltiteulte clement,
according to ggg/n%ge of claims 20 tﬁ) 23,Ov1§/k;§irc?{gjl§£égl§§nsor ircuitry

. Zan ured to measure charge ucave element.
includes:
The electrical circuit according to claim 20, wherein said sensor circuitry includes a
charge amplifier circuit configured to generate a volage in response to recerving

charges from said third conductive element.

The electrical circuit according to claims 20 or 21, wherein said sensor circuitry is
grounded to a base of the vacuum manometer, and wherein said sensor circuitry is

guarded from stray capacitance by the ground.
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23,

24,

a synchronous detected circuit including a multiplier having a first input

line and a second input line, the first input line receiving a charge voltage
signal from a charge collector circuit of said sensor circuitry and the

second input line receiving the oscillating signal from said oscillator, the
multiplier multiplying the charge voltage signal and oscillating signal to
generate a synchronous detected signal; and a sample and hold circuit
configured to generate a detected si nal representative of a pressure
change at the manometer. 19 25. A method of manufacturing a vacuum
mangmefet s method comprising: [ecaing. 5ase BAVINAAI0BiA sensor
surface and a plurality of conductors extending through. the base an
aboviectitey topchfacevbthebasesirapilying dagiass coatimyrotécthevigp sad
surfacenaf the. basg:flattening the glass c0atingiQ 1M AiflatQlassal as a first

surface, the flattening causing the conductors to be altered such that
respRREVEaHEEE hOrIBIE IR a8 ritTators arecshb Rt AR Lophngr ot
withtise flat-glassnsurdage; and applying a plurality of conductive elements
onto the flat Ilass surface, the .co)rllpluctive elf_?metgts being connectedto. .
respeciivE ERGIABFETSE. THE | SETM manomater AcEsrding BI&im 2B
further comgirising flattening fthe top surfaterpfithéchdseqporcterapplmgtage

the glass coating. a71 The vacuum manometer according to claims 25 or

26, wherein applyingthe glass coating includes: placing a glass material

onto the tepesarfacecottné e randlirsaiigny e Paselsndrylassermatstianal

to cause the glass.materialde.flowrand;£aoling the glass. 28. The
vacuum manometer according to any one of claims 25 to 27, wherein

applying “tHE EBRALTCHSRS BRTE L RAPGRAES SOt HieRTcg Isingieronhansed
photolithographitipracess qteidaline:iracailines.of g onapCtarsst signal is of

appropriate phase, the third stage offset signal being applied to an input

signal line of said sensor circuitry connected to said third conductive element.

The electrical circuit according to any one of claims 20 to 23, wherein said sensor
circuitry inclades:

2 synchronous detected circuit including a multiplier having a first input line and

2 second input line, the first input line receiving a charge voltage signal from

a charge collector circuit of said sensor drcuitry and the second input line

receiving the oscillating signal from said oscillator, the muldplier multiplying

the charge voltage signal and oscillating signal to generate a synchronous
detected signal; and

- a sample and hold circuit configured to generate a derected signal representative

of a pressure change at the manometer.
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20.

27,

28,

29.

30.

29. The vacuum manometer according to any one of claims 25 to 28,
wherein applying the conductors includes applying three, interdigitated
conductors to the flat glass surface. 30. The vacuum manometer
according to any one of claims 25 to 29, further comprising assembling
glass feed-throughs including the conductors extending, and wherein
flattening the glass coating includes flattening at least a portion of the
glass feed- throughs to cause top surfaces of the glass feed-throughs to
be substantially co- planar with the flat glass surface. 20

A method of manufacturing a vacuum manometer, said method comprising:

receiving a base having a top surface and a plurality of conductors extending
through the base and above the top surface of the base;

applying a glass coating onto the top surface of the base;

flattening the glass coating to form a flat glass surface, the flattening causing the
conductors to be altered such that respectve exposed portions of the
conductors are substantially co-planar with the flat glass surface; and

applying a plurality of conductive elements onto the flat glass surface, the

conductive elements being connected to respective conductors.

The vacuum manometer according to claim 25, further comprising flattening the top

surface of the base prior to applying the glass coating,

The vacuum manometer according to claims 25 or 26, wherein applying the glass
coating includes:

placing a glass material onto the top surface of the base; and

heating the base and glass material to cause the glass material to flow; and

cooling the glass.

The vacuum manometer according to any one of claims 25 to 27, wherein applying
the conductors onto the flat glass surface includes using a photolithographic process

to define trace kines of the conductors.

The vacuum manometer according to any one of claims 25 to 28, wherein applying
the conductors includes applying three, interdigitated conductors to the flat glass

surface.

The vacuum manometer according to any one of claims 25 to 29, further comprising
assembling glass feed-throughs including the conductors extending, and wherein
flattening the glass coating includes flattening at least a portion of the glass feed-
throughs to cause top surfaces of the glass feed-throughs to be substandally co-

planar with the flat glass surface.
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