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, micro
machining, vacuum deposition, and specialized coatings. In many such processes, pressure regulation
is critical in order to maintain environmental conditions (e g., temperature and pressure), a manometer,
which is a type PlGRRSE¥IEIRERAQEUTRY AN BIESr R PAIRSICE IS Rfiguad g sense pressure

a

: ig
changes in a process chamkerRetResdeduces eSS EISPTEPRedYPE O manometer that is
sensitive enough to measure pressures as such low pressures is a diaphragm-based manometer.

Diaphragm-based manometers are widely used in the semiconductor industry. In part, this is because
diaphragm-based manorkB@ES-RERGHEMNEVEDP REBA T 4 BBHICHIEQNR/ices of this industry due to

having higboegjcuracy suid-being.r esisiantle contaminakon: 1 RaticHar diapiagu-hased

manometey z%qggfitﬁncp C Sistance to contamination and operate Ionger. without maintenance.
[0004] A mznqmetér seef/ug’s%%d@?e%%%%ﬁﬁfﬁreéus 2 TEHIAT BEREr T IE HeRtt t6 measure
and/or coltr81H58 pressure within a process chamber. A diaphragm-based manometer typically has a

housing containing two chamb r @g@y ircular tensioned diaphragm. The first chamber is in
fluid communication with the p%c%éésﬁsﬁgg b r%%gq%g‘f’ ggé@‘%%%qwhich the pressure is to be
second chamber of the diaphragm-based manometer is commonly referred to as the

measured, T

referencﬂ%ﬁgﬁ%{ﬁ%mﬁ%ﬁ?ﬁ?ﬁlfﬁﬁm R6PREeERh )y enseEte Safiseates ithidoressure that
is substariatiyeless livémdie minouincpresatiué theisensprsensasinf)0aahA daphirrgmawhich is
generally Siaulals is,ie080n6d-and SEPABIES NG MQ.ENAMBELS WIthID 1 &1 order 1o mainwin

environmental conditions (e.g., temperature and pressute), 2 manometer, which is 2 type of pressure

sensor, may be utlized. The manometer is configured to sense pressure changes in 2 process

chamber that has reduced pressure.

{0003] One type of manometer that is sensitive enough to measure pressuzes as such low pressuies
is 2 diaphragm-based manometer. Diaphragm-based manometers are widely used in the
semiconductor industry. In part, this is because diaphragm-based manometers are typically wel}
suited to the corrosive services of this industry due to having high accuracy and being resistant to
contamination. In particular, diaphragm-based manometers exhibit enhanced resistance to

contamination and operate longer without maintenance.

- [0004] A manomerer serves as the vacuum/pressure sensing element and may be used to measure
and/or control the pressure within a process chamber. A diaphragm-based manometer typicaﬂy. 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) evacuated and sezaled at a pressure that

is substansally 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 mechanically constrained about its periphery. The diaphragm reacts to differential pressures



a housing of the diaphragm-based manometer. The diaphragm is essentially formed of a thin metal
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 dose proximity to the
diaphragm lies an electrode assembly. This assembly generally includes a stiff platform with a
polished, electrically insulating surface that bears two conductive electrodes. The conductive

electrode$wdeftypioaliycsilkaorbenmpaintetanitotee suraceg whishais. ofteruaeiamicbase. The
configuratigr.of.the g&g@yg{g@ﬁ@g@%_ofﬁgn tiotgr%lql gMagn;-%%sﬁeo% rpaphometers generally
' irc%es e ircle. Ctrot

includes ap.inner, solid circle and a ring that enc inner circ e electrduE 8858 mbly is

mechanicafy constratiet] A% RERRESHBH PR feldn riringath i deforrenoof ehehdiaphragm so
that the efsthogesrzacbyenpichdsbrtogheaiaphragm<i00hida). and run parallel to the surface of the
diaphraggb. Fé xure of the diaphragm, due to applied pressure, can easily be computed by measuring
the capa e Bo PSR B AeHTA HAPHEEA G Sibflefctndy aventhiea e mewiffpgeramdisher [0007]
Modem diegirtegnr:iiasedamandineteskshiilz edwirale cirodes  to.raeniter: the.flexyre,ofthe diaphragm.
The capagga;_&gstoﬂpgg}@&%@g@@g@ogjﬂg%%o%ﬁaﬁ}pg rpoglc}}mg%%%g%%c%nce varies with flexure of

the diaphg%%m, but al]so changes with movenient of the electrode assem y.sglﬁccﬁ’r‘ﬁ%\'?grﬁent occurs

with temparatirETTERGES, (ERA SePAREPRARS A SHe RS cdranrsal dbemiveimeladaybmments using the
differencéreé apacitarcegeithlly tnduglatesifrdiffeieheeceapacitances) aremerasiahlesince they reject

motions beiwaerthe Llaphtagm.and:elpcindes and instead reflect the deflection of the diaphragm.
[0008] As the diapélglrxﬁg%%] 5(EJTlispIeaced,‘g’&lcﬁéz:pacitance betv&eg}llsﬁné:e |§ghra%ﬁ{1&%en%°fﬁaémé1§ntaﬁctive
e

elements"SARAGE : Gociphtitafreads e AT Ry R ik Hargedrity) §ehsedddom the two
conductivereterdihts ttherdiy pfdviding.ame&uemanhicidginpminpachiioe japrassye in the
process chambetotbedneasedRiessWs.change may. be used f crcalt rin tsh environmental
conditions by a coontr?;?ller o?f the vacéuum c%aamber. TO%%%ﬁggpeﬁ?qéggm%%ea m%%%arﬁné’t%%l re very

. urement
precise. However: a8 %n}ég?fﬁ?rthe manometers have components and tolerances that, too, are very

precise. (ﬁﬁﬂﬂrQ\Hé/d%eé}a&m&g{'ilﬂ&@%go@&ers utilize two electrodes to monitor the flexure of the
- diaphragm. The capacitance to ground of the two electrodes (“common-mode capacitance”) varies
with flexure of the diaphragm, but also changes with movement of the electrode assembly, Such
movement occurs with temperature changes, temperature transients, and mechanical loading.
Measurements using the difference in capacitance of the two platés (“difference capacitance™) are

more stable since they reject motions between the diaphragm and electrodes and instead reflect the
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 2 change in pressure in the
process chamber. The measured pressure change may be used for altering the environmental

conditions by a controller of the vacuum chamber.

[0009]  Diaphragm-based manometers are very precise. However, 2s 2 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 vanation effects {e.g., thermal expansion and contraction) that impact repeatability of



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 the
manometer, (ii) reduce stray capacitance effects on measurement, (iii) reduce alignment variations of
the components in the manometer, and so forth. As a result, the cost and production of the
manometers are challenges that have plagued manufacturers for years. As an example, as thermal
effects cause expansion and contraction of materials of the manometer, such as a metal housing and
support hardware for the ceramic base, thermal cycles cause different readings at the same
temperature on different sides of the thermal cycles as the materials themselves are slightly
repositionelewnppesproctifo whAvcarvtye capasmikicfikes ohtheaareasanat@ateglise tagharmal

conductivitkiaessweteiasentical sdsunslaratoad: 85 Atesylt otihg, Rreduction and repeatability
iIssues, ma T%Cturing‘ diaphragm-base manometers is labor intensiveé anoT cos y??ﬁ’ RY OF
THE INVERITTOREIE0TET TR HIREHISEFTE Hreh mrRtigA D (e dentie Afathy Bt problems of

conventiorthtrma ridiaseterssh pxirminpad monokithic de sigrdiswdiich thedbase Seesas thedhousing,
thereby reduaing ihesngbaiaris.likisinga-alasscoaipg.onhich sanduelye elementsare formed

using photglithographic processes, thereby jmproving sensitivity, (iii) electrostatica fsm'ter ering with
parasitic caaﬁnéeqﬁ%nr?c?éa tt‘?ltet\?v%(‘a(%r1?%5?-51%%“rg\}‘3 u?:%t/i% 5 fElsy thehaigpiFRg PR GIsp6¥etigeimeasuring
changes irfeeapaeteanetretpese totireccormderctivese [Enfenisdanitittaeseon e alemnmems-as performed

by conventigimativanemelarsliddIREaly.inHeasing SEDS LY heie HERSHIR.Eanges;and. (iy) grounding a
sensor Cir%‘éﬂe'éo theuagusin%mt ereby reducing stray capacitance effects and re ug?ng complexity of
the manometer. By Using these Siractara manaéggi% AT RB HGBREBPACAAY other manufacturing

processes to manufacture the manometer, the manometer may be significantly less complex and less
costly to produce, be capable of being produced in a large scale manufacturing process, and be less

sensitive to environmental changeSUMMARY OHTHBEEN vVEPeatalte over time and being-less
expensive to manufacture. [0011] One embodiment of a vacuum manometer may include a base

including 4 e WHIPERARRSIRE Wiy REF tRaiTERseneT ermsrrirsl ity amdirsartéceranttiandottom
surface. Muitipteeconbiu Glorsiap ayeodelidithdesighiopaiagsdeiiaed by the cenierporign.of the base. A
olass coatog aakhialaaled 9 aLleasia aen ol hedon surface ofthe base, Conduclve clemens

may be disposed on the glass coating and In e ectrical communication wi i salﬁfgfg’éf}iﬁﬁ?%onductors.

A diaphra@ﬁ? BB PRREt S o P M e atiagn erestisin ik reitreewidelistivaekaimevish [0012] One

embodimentasfia methoddisensinb: prestutc.cangesH ay W%ﬁgﬂ%@%@n@m%@@arasitic

capacitivessayplipcchetueersnulinle pecasiiacanadively.counled conductive elements I response to
e

a diaphra%m isturping an electrostatic field between the parasitic capaci ﬁ/%?)’/tscabstpp Fehductive

elements. A SEHAF AR RERMSIRE: SRFLTCBREATrE AEEim P arssite chanaritives dolplimgdingy be output.

a sensor circuit to the housing, thereby reducing stray capacitance effects and reducing complexity of
the manometer. By using these structural and electrical configurations, and other manufacturing
processes to manufacture the manometer, the manometer may be significantly less complex and less
costly to produce, be capable of being produced in a large scale manufactuning process, and be less
sensitive to environmental changes, thereby being more repeatable over time and being ess

expensive to manufacture.

E(}011] One embodiment of a vacuum manometer may include a ‘base including a side wall
extending higher than 2 center portion including a top surface and 2 botrom surface. Muluple
conductors may extend through openings defined by the center portion of the base. A plass coatng
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 elecmical communication with said electrical conductors, A

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



[0013] Another embodiment of a vacuum manometer may include a monolithic base including a top
surface and side wall extending higher than the top surface. Multiple conductive elements may be
supported by the top surface of the base. A diaphragm may be connected to the side wall of the
monolithic base and pasitioned above the conductive elements with respect to the top surface of the
monollifiZhddee AnhaieEtiralm BB CHRGHTEE RS CHEr WM E s aBYEth & Bt £GATE0814] One
embodiment-ahan-glecticplisauitferMmeasiing press uip Lhangesoplalasiuniranomeatemmay
include an oscillator generating an oscillating signal. inverter may be electrically connected to the
oscill R U EohiGReads VEIHIRE BREAHH ﬂs‘?@r{%ﬂbgﬁ%&e@@nr%‘?a%aamﬁé%g listof  #Pifibt
condugsivéelemeBiimelectrigah sloprusacatianodithe thexascilatar: thepaseitiating.signalbejtigapplied
to the first conductive element. A second conductive element may be in electrical communication with
the invBHer WHEI the inverted oscillating signal may be applied to the second conductive element. A
third c tive element may be in parasitic capacitive coupling with the first and second conductive
eleme o
be configuretito méasredhergednghigtiairtheonbictiveveferne Al o050 decemsbdirrentola

method of manufactuking a v nemete i A Iving. ' rface
od.qf g%_r&l'acf‘fi 9B YAEHHM, MANRIEEL H%%Mgglgiéldgﬁ éﬁ?@kdﬂﬂ a:DARe Naving &,1OprSHI

including maltiple conductors extending through t above the top surface of the base. A

glass cwatinighindysbesbplistoontbattie topesirideetor tHermse Wthaqghess ‘eoatngPmasiase flaened to
form aflgf glassuiiase: hedalisnipgeaxmause e condueiars 49,be dliergchsieh that respective

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

condupie elemenisinay.ba anplied-potacthe-flatiolass sesfasathe-canduginisebeing.connreted to
respective conductors. BRIEF DESCRIPTION OF THE DRAWINGS [0016] A more complete

underSPARBIRG SR B8N AR NEHSHE B HHE BHAMDIE SRR bre kit MtEMIBhn &y Becdbtained
by referaneerta thediollowingdDetaiad pseriptionmwhenHakealincegniwnationinvith-the.accompanying
Drawings wherein: [0017] FIG. 1 hjs an illust atio,nerf an illustrative vacuum m ntom%'ger CO, fi%ued to
sense Praddiie CHERGEE P E VAT EHAHBEF GRIIRGAIALIHE cABalitva CoUBing T00TE e, 2 is
an illusigatiobeafanpiflistrative odise Ravihgvanduaiie. elamentadispadedithereorpanthihdying
paraSlgl%c%%Pﬁ ‘i'gr\ﬁgn%ﬁ)#ﬁ!ﬁgg ggzﬁlvguec:nirtlgeer&?,nggg}év ee lﬁ%grla%{%t(?;oscﬂlaténg signal may be applied to

the second conductive element. A third conductive element may be in parasitic capacitive coupling

with the first and second conductive elements. Sensor circuitry may be in electrical communication

with the third conductive element, and be configured to measure charge on the third conductive

element.

[0015] One embodiment of a method of manufacturing a vacuum manometer may include
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

sutface, the conductors being connected to respective conductors.



[0019] FIG. 3 is a block diagram of illustrative circuitry in communication with conductors having
parasitic capacitance coupling therebetween; [0020] FIG. 4 is an illustration of illustrative conductor
elements for use in sensing changes in pressure in a vacuum chamber; [0021] FIG. 5 is an electrical
schematic of an illustrative circuit used in driving and sensing conductor elements, such as those
shown in FIG. 4, for sensing pressure changes by a diaphragm-based manometer; [0022] FIG. 6 is an
illustration of an illustrative manometer showing portions of sensor circuitry, base, and conductive
elements for use in sensing changes in pressure by the manometer, [0023] FIG. 7 is a signal diagram
showing illustrative dryer signals and measured signal based on diaphragm position of a
diaphragm-based manometer in accordance with the principles of the present invention; [0024] FIGS.

8A-8E (collectively FIG. 8) aredlpisteal] M LQ%@? manufacturing a diaphragm-based
manometeréﬁ accordance with the g?ﬁ%g&es 0 t%ﬁsrééﬁsen Wﬁﬁd [0025] FIG. 9 is a flow

diagram of %%&Wém&%%émmwm@maseﬂmm&mbmwg pressure
changes iniecoordance withihngribeipRe-akthe BresaiJneHiion.q Descdption when taken in

conjunction with the accompanying Drawings wherein:
[0017] FIG. 1 is an illustration of an illustrative vacuum manometer configured to sense pressure

changes in a vacuum chamber utilizing parasitic capacitive coupling;

[0018] FIG. 2 is an illustration of an Hlustrative base having conductive elements disposed thereon,

and having parasitic capaditive coupling between the conductive elements;

0019] FIG. 3 is a block diagram of Hlustrative cireuitry in comrmunication with conductors having

parasitic capacitance coupling thereberween;

[06020] FIG. 4 is an illustration of illustrative conductor elements for use In sensing changes in

pressure in 3 vacuum chamber;

[0021] FIG. 5 is an electrical schematic of an illustrative circuit used in drving and sensing
conductor elements, such as those shown in FIG. 4, for sensing pressure changes by 2 diaphragm-

based manomerter,

[0022] FIG. 6 is an illustration of an illustrative manometer showing porrioﬁs of sensor circuitry,

base, and conductive elements for use in sensing changes in p;:essum by the manometer;

f0623] FIG. 7is a signal diagram showing illustrative dryer signals and measured signal based on
- diaphragm position of 2 diaphragm-based manometer in accordance with the principles of the

present invention;

[0024] .FIGS. 8A-8E (collectively FIG. 8) are illustrations of different stages of manufacruring a

diaphragm-based manometer in accordance with the prnciples 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 praciples of the present invention.



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
embodiment, the machined base 102 has a low thermal coefficient of expansion. The machined base
102 may use a metal alloy, such as Inconel(r) alloy produced by Special Metals Corporation of New
Hartford, New York. The cover may be metallic and, also, may be Inconel(r) alloy material. The cover
104 is shown to include a tube 105 to which another tube or other element may be connected to a
vacuum chamber so that the manometer 100 may sense pressure changes in the vacuum chamber.
By having each of the comDBEAELEDIBEBERIPTS B IOF A HIa MAsecL02 and cover 104, be the
same material, the manometer 100 is considered to be monolithic. Because the manometer 100 is

monolithic, MMmgien&@@@a.s ﬁ%@&ﬂ@a@%ﬂ?ﬁ&%ﬁ@tﬁ%ﬁé% % grational pr%%%gs as
As6 1 esa

conventiongl non mon | mano 27] The machin may ncrud

section 106gsh%1ltnhas a%(g% surfa T@% 5—?’8%5% gheEeddhmpdes mesbirhed drtisfetadormetal alloy,
such as InCoPiBR oy, @@B@@WG&QW des%mbeubhéramtabﬁ\mao&gdasdiseqalmksIQW&Hanggyer 110
may be dlspﬁsﬁkﬁﬂbﬁ&ﬁﬁﬁ&urfaﬁ@ &&Q@mgp@@ I]:Qplggtpglg%sslloz %lass (@o%i ng 110 may

be connect&gc;gcm%t rf\% 7 and mag ve_conductive elements or con ctors £1%a-112¢
e ere

(coIIectlver 112) to de osit noﬁasm’bv “’?E‘éﬂ%ﬁfﬁ OHFENPPhotBRtPRTeT apPprodises, as
understood¥ft #H:dre7 PodemreaRsicomaretizh firs-otetamlid el ecibmiyel4)may Le.gxiended

through operingstefitethby.lhe-mess LO6LhhePase 1027 e glass feed: hrgy_gfhs 114 wclude

glass ele S, -1d6¢ (collective ductors 118a-118c (collectively Rk q at extend
through t?ég?nl}eéa% c%sl%)u?l 106 BY tﬁ%%}gseci? %”’Sggze MbATHe St ﬁ%&ewwm are
created ustferisBhdeiedmihs SriidS3 andl procd§detichinheatingroenihamisaiafermalass fits in the

openings. E&mx@aﬁtﬁt&bﬂﬁ%&ﬂﬂlﬁﬂl&%dﬁ%ﬁ%@ﬁ qg@@su&%\éghﬂ?”}gms 112 10 sgasor circuitry
(see, FIG. %] 'Eg;erbaf alsm cludes sidewall 119 that exte| Ig er'ﬁ"rlan thé mesa

section 106 to enable the dia rag to%’e SRR RS et SAEFFRsEd v eptecepitiactors 112
supported BFffecffesa section 106. A canted ring 120 may be disposed above the sidewall 119 and

enable the 96 h@gm 1lef bf-?ec1 Enecte r&d sandwiched between the canted ring 120 and sidewall
119 at conne ion point 55 PR ohe &R o HiEt, e iraremide theo & s tapcirefarar 93564102 that

uses a circHBrarEpHIGEA. ah%*@afmdwéy betd wetdinlatkire etiyh conneaiim 4y, hase-d02iand cover

104. described herein above. A glass-coated, insulating layer 110 may be disposed on the top sutface 107
of the mesa 106 of the base 102. The glass coating 110 may be. connected to the top surface 107

-and may have conductive elements or conductors 112a-112¢ (coliectively 112) to deposited thereon

using vapor deposition and -phbtolitbogmphy processes, as understood in the art.

[0028] Glass feed-throughs 114a-114c¢ (collectively 114) may be extended through openings defined
by the mesa 106 of the base 102. The glass feed-throughs 114 include giass elements 116a-116¢
{collectively 116) and conductors 118a-118¢ (coliectively 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 arcuitry (see, FIG. 5).

[0028] The base 102 aiso 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



[0030] With regard to FIG. 2, an illustration of an illustrative portion 200 of a manpgmeter is shown to
describe operation of the manometer. A top surface 202 of a base is shown to include a glass coating
203 that is connected to the top surface 202. It should be understood that a coating other than a glass
coating that is capable of being smoothed to a flatness that meet specifications for a diaphragm-based
manometer may be utiliaed to provide for the principles of the present invention. Conductive elements
204 may be utilized to provide pressure sensing capabilities by having parasitic capacitive couplings
206a-206n (collectively 206) between the conductive elements 204, as further describe herein. The
parasitic capacitive couplings 206 provide for electrostatic interference between the conductive
elements 2OERSAECRIPHROEEUIES It theetipitatm2e8metictit dusesiprbssuse WPQiamise diaphragm
208, the d@hmg@%wﬁ@@%w@%@%@@g@%m@rﬂgmg fHiaphragm, 208, is deflected in
the center in a parabolic manner, thereby causing the parasitic capacitive couplings 206 to be
interfered WfInYib wentoe dthe coriliusotivensliémahits-264: P03 20 endueiassdings 2i2a and 212b

may have  phiass. apsdhase.sinals-anpliocin hieganiaier 18I 2133.000 242h. Sgspectively
The + phasezﬁ__ijgr%ﬁg iésdzsthown to bg: orghconduct% Ii£1e 212a, which may be connected to tonductor
elements 904 1 the canter or the pRase TREEI6u 2 Wh e ReaiP R SEiFrEs o0 HatreeBE didBlaces the
diaphragnt208 izt secrgehufiitmanebladd Gt eterndnts R04koreaude: cantamnpafiasitics Gapacitive
couplings mpisglesiasiatssliviaterieedaita @ sepse Inedidkinalis sansaled ig.ane.of the
Conductivecg,g%{pepgséggé}l ;[Sh% 4ils?§) rasiéjlr;ayy capagcitively coupled with both the conductive element
that has thé + phase Signal appiad thereto IR The CerBr Srieuon taetdise Shbatieszo®msdf - phase
signal in tifepesitas repirgs LOte 206n dertioredis Aen tbe20dc oble cts duhigheemtimlaon, ok charges from the -
phase sigasicahieRdiam Pressupe:R4 IRGRRSE S OiiRe-JiRRNLAgIR.208. JA03al With [egard.to FIG. 3, a
schematicblé)log‘l:(nd'$ E%rg of.l!luatrativte E&psor circuitrz that includes both drive circuitry and sense
circuitry is Shown. 1n addition. & FREEoRductve SIS FESH 2%, 108 BIRIEEA ATBvetche ATt 302b, and
third condieEvEecithrertbadzehmmrnsituihe Eatrehdtiiidwbivielelaments:8QRinaeddifterenbparts of a
single conglucti-ejemmeet iThasame haldsdruefor sonductive slerents 302k and %%giﬁ?arasmc
capacitive co%pt!‘irQQOBMa %%%qn%crg st}iowgx ]tI)le ween the first conducive element 302a and

n

conductivé element B A0 thas Sieriensd s the Contrx O IRT SOPSHOAREBIAE e element 302¢. The
third condugizve elament302s is nterdigitated with.conducti el Qg@ 2 ang.3p2b (See, FIG. 4).
[0033] An Egztéﬁato .30% { cogf'ﬁ%ed to ener;ﬁtle an osc(%%té{)?%i nr%%%iu h asgg}gsl(?ﬁgre?gwave. An
oscillator §f’gnn5fT§iB??fv |§?13|“§1 A PHARS STl ,%ec%rﬂ}?ﬁ?frﬁlgafiﬁ MARRGPIFEIS1EneT he
oscillator Sigra3ED B350 commeierh rcateehitoti\anemB03)anhidie appesfahdmpiestathaspiator signal or
- phase signizh 334 gelaconductarding 38Lconduatoning 333 is in.elegiical gommunication with

conductiv%eleme%4302a and conductor line 316 is in electrical communication with conductive

element 303D A conducior line 31 Ta T STRRTTal SRR Riisl RRTRE B RS SAvtt 302¢, and
configured@tsvdesivdcHatgescoRTthdt wrerolié dled tpdhaivonrtiuetive 28k menis3pesfieny the parasitic
capacitive-gauiiay aaghavii senducivesslement302b. Adifferential sianal 322, which js generated
by the ch??%gng%fi%a Ion eram Iituq;e ﬁﬂ%na t_hq%the inverted oscillator sighal 314 and matches
phase and fréquency of the Inverted oacilation SigRA S1Fa4 e SHIFoFRE FARSIfRIEAFHritive
coupling 35asn034pkese adtghel w32 Hhehirdse Tomfidareditacregaiveithe differentiabsignal 322 for
processingaagdoutptitinganauipt signal 326 onto an output line 328. In one embodiment, the
sensor circuit 324 is configured to generate the output signal at a full scale pressure (PSP) amplitude
in respon$®%8] n¥éastiregrrd prdS Suie Lehwpaiplied: thatherdid plheagincant sraisigaakiategpanse to the
diaphragrBoaeing-atacaul RASIARWHENRIGSHFeN ISYAGUNM Eataseady sialg.pressure. The
output Si%@g',n%% @a@énk?re C mmu%‘z%ted gngiy?sed y a controller (not shown) of a vacuurn chamber,
such as a Mass How controfiar. for Use M mamtaffiiy SFadHTay airdhnianta pdistheters (e.g.,
temperatGpeRErpkaatie Piiahes viffaernmmeierigingstrseddnnthe Manameteias[@035] With
regard 061 Godduativilusirativessmt aiconduotiueplemenisA00.isishann. Mathisembodiment, three
conductive elements are used. A - phasg. feed-thro conductor 402, + phase feed-through

cond uct(;{r) ‘11“’6’2%%8 %srétncsoe’:1 %ﬁcéw e%ia% rto%(}g o %?%?Tﬁ%ﬁ%ﬁ\ﬂ??&bﬁéc&%@&@fﬁ&eth ree
different conductive elements or trace lines. The traces lines include - phase conductive element 408
that includes a linear portion 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 portion that extends radially outward from the +
phase feed-through conductor 404 in the center of the conductive elements 400 and has curved
portions 410a410n that extend from the linear portion of the + phase conductive element 410. A sense
line conductive element 412 has a linear portion that extends



radially inward from the sense line feed-through conductor 406 and has curved portions 412a-412n
that extend from the linear portion of the sense line conductive element 412. [0036] The curved
portions 412a-412n may be interdigitated with the curved portions 408a-408n of the - phase
conductive element 408 and curved portions 410a-410n of the + phase conductive element 410. This
interdigitization of the curved portions of the conductive elements 408, 410, and 412 provides for the
parasitic capacitive coupling between (i) the - phase conductive element 408 and sense line conducive
‘element 412, and (ii) the + phase conductive element 410 and sense line conductive element 412. As
the + phase conductive element 410 is positioned toward the center of the conductive elements 400
with respeeletocthet2phaseonhetietierplernemt 408 whancndiaphy aum-Anabaheu-ggisplaced
toward the&%ggﬂg&g@&gg%@g%@% &eg’tgféeg'pn above the conducive elements 400, the

p

parasitic capacitive coupling between the + phase conductive element 410 and sense line conductive
element 4 ¥ausspistushen;dheveby aaysingthanuasiiceanasiive:counling hefueer,tbe phase
conductive_glgment Apd gense line %gnducti e.element 412 o be redyced. When the parasitic
capacitive coupling éf the + p?%%sels (?ond)uc%ﬁ/g%%mmeﬁto i) aﬁa&eéeor%% ﬁ\néyucc(t)oﬁdﬁ‘&i%ez'elghﬁent 412 is

reduced, tR&" R L SaHb LB ARaRAE et PirTeteiveh riurk anbryesifromrdrecstasgrsbnductive
element 408 tpamséreipndss 4 qphasedend tiet\s ©lereanh 4300037 | With-Legardota lGea 2.2 schematic

of illustrati reui ' owrn: to in¢lu xcitation.circuitry 502, a charge collector 504, a
RSENRR G 20048 Shown (o ingludg G Aﬁmhf Somnharciidn Gi6 Ao

synchronous detector 506, and sensor offset circuitry e exclta |‘€)1?11C%|r%%my Pﬁ’%ﬁ? include an

oscillator (HEPEHOWRY tHafIeRERAdarSdss &eﬁ%ﬁ?@lﬁ?@wﬂ,ﬂﬁé}hahf@emasl%qu%,wave, and
a buffer Sh@dnehiipuerdar Sd2ite deperatd thar phashaigdalyatd AnghophagensignabSibnragspectively.
(0038] The,ghgeqe.Ampiiesaid aa bEluleAD.0p AR5 UAANY Capaciial 520, wich, combine to

0 the

operate as an integrator to integrate or sum current or charges bemg%epnp et ’o“f) é:mp 518. ADC
feedback ﬁﬁ'fﬁr%ﬁg%ﬁv SereEshitfuivtliey famniinie o bemoheorrefoedbatok Sgas|dliteptevent the
op amp 51@afrbem beseridgisgtanated iheiRefal pasitivearspagative side.gwund ingnhis
connectedcgga@gvpgﬂpﬂggimt 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 con[0as#pchiectiae hase: Ghihaamanomipieed as shevidn Bl 84I0039] Thersypehrongus detector

504 may i Itipli a ample and hald ponent 528 to synchronize the excitation (+
%HJQ]%%% LQHS{]DQLZ nalggéﬁg#g m oﬁlgj ‘éﬁél?acéﬂgm% o4 WHICH: é’sg%f FE&ITt Fthe inverted

phase signal 514) and output si rom t
op amp 5TRHEFRG e R §568REN PrRssEnt Readathisrearitiel FEBapolimdt BR8speasemeasure a
value of thessense fired3Bdagpptibiete digasure sighal ag&yﬁpb&mﬁﬁém@g@%gfﬁltered

using capagi : Jhe r,0f ireuitry 508.may include a.jotentiometer 538 that is
configureo? %t %%ﬁag%a%gﬁolbgi%?h%%%%%g Ss?é)réfaslng1 %fsg%?jﬁmﬁ ase @l‘gﬁ r?gf%fé’.gﬂaﬁv%?age divider
540 may BET T A O BisBEtnat & Ba e ceswlshtige Tramiref stgeaiitensignuics 42 froms the
potentiométsr 53&di:acoupi efbrdeis; of mipghiyeevinganespie-asesond stags.aifsetaignal 544. By
reducing the magpitude of the firshslage Affseh sigRal 242, a.capacitor 546 may be chosen to be

significantly largé enough (e.g., between approximately 5 ancfapproximately 10 pico Farads) to
remove lefitasapasiance AIG! leakagaesvents Bratonaush-othenyisede passed into the sense line
532. A seggnd stage offset signal. 544 Qutput frcg the, voltage divider 540 and results in a third stage
offset signal 548 aftér passed across the capa%ﬁor%%?me e tgmug% cBaducior 402, + phase

feed-through conductor 404, and sense line feed-through conductor 406 are shown to be connected

to three different conductive elements or wace lines. The taces lines include - phase conductve
element 408 that includes a linear portion extending radially inward from the - phase feed-through
conductor 402 and curved portions 4082-408n 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 conductive
elements 400 and has curved portions 4102-410n that extend from the linear portion of the + phase

conductive element 410. A sense line conductive element 412 has a linear portion that extends



[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 to be in communication
with conductive elements 608a-608n, 610a-610n, and 612a-612n, where each of the conductive
elements 608a-608n, 610a-610n, and 612a-612n are interdigitated "fingers" of respective conductive
elements. The conductive elements 608a-608n, 610a-610n, and 612a-612n are illustrative in that the
actual correlligiiiawiehiomshwoerle be: despUsedzbrohdtapr A6 ank 160 usfthpohase A02-4t2a format as
illustrated ipdalfand ok Srample,Reiveen hecandushye-plements §08a-608n and 612a are parasitic
capacitive couplings 614a-614n that allow charges from the conductive elements 608a-608n to be
collected §B86E Tonduotieceiemn 1261 2amSirhi artyrdiginthdotide biement $6i0a-6Edk612n have
parasitic Gapacitive canmlings 8d8a:54fn.thereheinesn to enghlg dhecopductive element 612n to

receive charges frlom the conductive elements 610a-610n when a signal is applied thereto (e.qg.,
oscillating i hoH INGHEFLHT, BRSBTS BS Tofe AAEE SRBSERrATres s 450 ®d inverter
622, whichl pomdected s theostiliatori®] 8y piiug ésthendritlatinghsignald2irtobadnverted to

become ap.inyarteghosciliating sighal 624 .Conpsluctor lne. 626 is.copnected Jocaudugtivg, slements
610a-610n to,apply the oscillating‘lzignal 620 thereto, and conductor line 628 is in electrical

communiSSRSA W BSRHGGIVR® ShS m R 608 BT F I3 5D PRI ARE EE R ERG7Al 624 to be
applied totthewgndirstiarcteniéh 80 8ar608n I8l apbdecntincing k630408 30t-arcdextengded through
the base 692 ta.&nable digicenduciar lines.Adt-and §2840:bain:elagtrical. communication.with
conductive e!?em,entg 610a- kOn and 6082-608n, respectively. In addition, a conductor line 632, which
is in elect AT EET ARSI O VRTHPABHE RIS TR ATRRNS IR SR 51 Vid s SoTeRas 656116 30D,
receives cifirgess €8% forinpuhinitt sémsor diruitdis68Beds tbermil linesBa8hm ayraiso becainnected to the
SeNsor Cirgitna86-add iR bage 802 At ehaSikey RARRAGIANGE B40uhisNLisdaherent ip.any system,
but particulgrlé/ gl anttgvith manometers, is ,itigaﬁe in its effect. By using the ?round line 638,

S

coaxial cabies That are Gererany UaEF i conPERESh Af maR o et e S o RRt Hayhisatitance from
affecting Arecesarenven tietyyoihd hronadrratehmensPae imidated. chhes dhd orcaieuitny.GR&gmay output a
sensor sigrah §42 g QUIRkRIBe G4 -0RAILW ithreaard 19.E1G.k.a:% Dhase signal 702 and - phase
signal are shown to be synchronized with one another. A diaphragm position curve 706 is also shown.
At time T{P67¢ Wb heggdrpdiitionh eurken?86 if Showaito soveifroimyabdlll phsition asjpiessure is
applied to.fhg.diaphragm. 48, theudiapheagmissncreasedinRasiionfiona nul positiondy pressure
being applied.to Blag dfgghr%%m, the diapBIaragm eventually reaches a full-scale pressure position, which
causes a REAEUTed SIGRATTOR foTERER X 1l MRS SR ST E TR ChPFEs R HEIMRIEE ©© phase
signal at tirmesat:. s otHibatsre sinee retizee sqwart etiapht adrifeh Giap ragm pdsitigmentyve 706 is
shown to £gus t-Rilk BreSuEe: ALIMS J Zephichicauses the measured signal 708 to be to zero at
time T3. [0044] With regard to FIGS. 8A-8E, a flow chart of an illustrative manufacturing process and
manometii038inTiguratign atphéeniah ufgoiuiing processrsiagerdrenshovws2lithisegattie HIG. SA, the
process sigits.alSieR-Auhers adpachinadPase 00ads received Tha machined base 800a may be

the base itseléo%be a b§se that has some amount of processing already performed. The machined

base 8008 MR BEFhBIAHiRZSrTREES SIRFFUES B iRG HARAirdd, Fosdm Ry e rethite g4 cBmpared to
alternativerbase theate risis, 38 drrasbeeramicsaThgah ac hithed dops e 80@anigshowiietoh avexglass

feed-throyghs,802a:802¢ instaliedat 3ien: B.Lheialassfegdshr 8023806 may.inglude
conductors 804 %%%% e%ﬁectlv%l%/. Tze glass feed-throughs '802a-802c extend through openings
0 1héh BasE

defined b FRE&S & $H% O BARE BRIGEETent, the Gaedmsad #oughs are
applied t@thvadbnes8d Gxafterted cefrmgsifstepr@ndhermackined bdd& 800a may be fixed or heated
such that i%'oiﬁkopicg%)stals in the machined base 800a are released, which reduces deformation
due to helSPry ana TBEMIEE SEEToneH BRERAY ha-HElitAEaad syoeiasrdbAld FeFRAIT FIG. 8B, at
step D, a’§fasssgoetingZ808eisxaisiad tebetopiguifstd oidhemmesigr30Bofithe Bhask800mpThe glass
coating 808 may.be applied as a tape casting, which is a mix of glass in a slurry form with organic
binders that are formed into a sheet. Other forms of glass, including liquid glass or any other glass
form, may be applied, as shown in FIG. 8B. [004§] 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 feedthroughs 802a-802c are also ground. In addition, the conductors
804a-804c, too, are ground such that the glass coating 808', glass feed-through or fir 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 as one used in the
production of semiconductor chips. At step G, a photolithographic process may be performed to
produce trace lines that are conductive elements, as described herein (see FIG. 4). The
photolithographic process may include etching and other processes that are used in the production of
semiconductor chips, as understood in the art. The manufacturing process described in FIG. 8 allows
for mass production of manometers, as each of the bases of the manometers may be placed in a
single way and the manufacturing operations may be performed on multiple manometers

simultane&ifsIyhifbo#s] wih Teda o™ e 9op X8 hehagradn oporisrannhitstalive spradessifor
operation Qi@ apBRISTs inaf cAHaRCE WIlh dhenpripsipias: aithe prasent inyentiands,shgwn. At step
902, a change in parasitic capacitive cqupling betwe arasitic capacitive coupled conductive
elements N gépﬁ%géo%tﬁggﬁfa%ﬁm |§Flfr%?ﬁ%aﬂ%%r§§6rgsitic capac?tance coupIFi)ng between the
go%d%ctivmpmﬁtgcmayméeﬂg@qy Imgi&ymagd@g p&@%b g}geggp%git%g}cg. gggh@gpg, @nbgl‘ectr%static
ield that creates t arasjtic capacitance.coupling,may be e the diaphr entering the
field. The &é‘g‘ﬁsé?ﬁgwngaa%n 5%1%?50%%59?51 0 tfg%ae%!s"e%hﬁﬁyﬁl%ms%gw%é (}n‘g{"%ﬂfﬂ a%é‘élﬁesreggj::%f At s?ep 904, a
signal reprasesstativebsrapdic rehge snpisdsifc dpactivetoupiamg 1)/ fse cbepetdronmtie
manometess (9Q48dpi maasma@&mg&m&ma@a@m@@a@e@g@wmgfl@dﬂ isfrative and that
alternativ%gtruf%gjrgf n Eo%ess?%emgég% ti!lizcgd ctn(% Org%fé)lrnrg §$ameto anl%r&)&ou unctionality in
accordance fith the prmmpfesg%f’ € pfesen ihventon. For efamﬁ 6. alternative m?rél.ﬁtry%ay be
utilired to erfEldEhaREvSETy BREGIBIRIS Bt FEsormrgie Sapiecobiynds) Svilkyaevdiffekesst trace line
configuratigpsiahtbenapgietive-elentenisonaybewiiizedhand pienaly.campensatga.for by the
circuitry. In addition,.alt tive manufacturing pracesses,may be utilized to, produge a.
Canhraam s e A B R heos0] The
previous défafed mese aprentet @msmn Mimber of embodiments for implementing the invention is not
inte_no_led t%’&ﬁ Ii%igngindsco%(}o_ge of, kitl,!ai{' this art will im ed'%atel envisage the mc_et ods and _
variations US€d 10 prEment I iMVEnTon m otar aFS SN thob & FeLBrEel M8tail Fhe following
claims setpfsrier £08urnibe meberectsnibiiretatsosiine imydpit arpeliscld Sedbwithog feateprprsticularity .
CLAIMS W@ﬁésﬁ&'%zc 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. Czrcum'y 606 is also provided and is
shown to De in communication with conductive elements 608a-608n, 6102-610n, and 612a-612n,
where each of the conductive elements 6082-608n, 6102-610n, and 612a-612n are interdigitated
“fingers” of respective conductive elements. The conductve elements 60826081, 610a-610n, and
612a-612n are illustrative in that the actual conductve elements would be disposed on the top
surface 603 of the base 602 in a format as illustrated in FIG. 4, for example. Between the
conductive elements 6082-608n and 612a are parasitic capacitive couplings 6142-614n that aliow
charges from the conductive elements 6082-608n to be collected by the conductve element 612a.
Sirnilarly, conductive elements 6102-610n and 612n have parasitic capacitive couplings 6162-616n
thereberween to enable the conducove element 612n to receive charges from the conductive

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

[0042] In operation, oscillator 618 generates an oscillating’ signal 620 and inverter 622, which is
connected to the osciliator 618, causes the oscillating signal 620 to be inverted to become an
inverted oscillating signal 624. Conductor line 626 is connected to conductive elements 6102-610n

to apply the oscillating signal 620 thereto, and conductor line 628 is in electrical communication with

10



1.A vacuum manometer, comprising: a base including a side wall extending higher th_an a center
portion including a top surface and a bottom surface; a plurality of conductors extending through
openings defined by the center portion of said base; a glass coating attached tp at least a p.ortlon of
the top surface of said base; a plurality of conductive elements disposed on said glass coating and in
electrical communication with said electrical conductors; and a diaphragm conne_cted to th_e side wall
and extending over said conductive elements. 9.The vacuum manometer accordlng_ to claim 1,
wherein said conductive elements are vapor deposition deposits on said glass coating. 3. The.vacuum
manometer according to claim 1, further comprising a plurality of glass feed-throughs connecting to
inside surfevebcitii-openitijs-tosaughaidich-sicaendaative. £ QRN CIRISSESPESIME Yo nass, the glass
feed-throughapiaVIdInAHABEMBBAIINGRSRIRed. throughs 6302-630c aze extended through the base 602

to enable the conductor lines 626 and 628 to be in elecrrical communication with conductive

elements 6102-610n and 6082-608n, respectively. In addition, a conductor line 632, which is in

electrical communication with conductive elements 612a-612n via glass feed-through 630h, receives

charges 634 for input into sensor circuitry 636. Ground line 638 may also be connected to the

sensor circuitry 636 and to base 602, As such, stray capacitance 640, which is inherent in any

system, but particularly relevant with manomerers, is mitigated in its effect. By using the ground line

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 2 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 fme TO, the diaphragm
position curve 706 is shown to move from z null position as pressure is applied to the diaphragm.
As the diaphragm is increased in posidon from 2 mull position by pressure being applied to the
diaphragm, the diaphragm eventually reaches a full-scale pressure position, which causes a measured
signal 708 to reach a maximum amplitude that corresponds with the - phase signal at time T1. As
the pressure reduces on the diaphragm, the diaphragr position curve 706 is shown to retrn to 2

null pressure at time T2, which causes the measured signal 708 1o be to zero at tirne T,

[0044] With regard to FIGS. BA-8E, a flow chart of an illustative manufacruring process and
manometer configuration at the manufacrusing process stage are shown. With regard to FIG. 84,
the process starts at step A, where a machined base 800 is received. The machined base 800a may
be the base itself or be a base that has some amount of processing already performed. The
machined base 8002 may be metallic or meral alloy. By bciﬁg machined, cost may be reduced as
corpared to alternative base muaterials, such as ceramic. The machined base 800z is shown to have
glass feed-throughs 8022-802c installed at step B. The glass feed-throughs 8022-802¢ may include
conductors 804a-804c, respectively. The glass feed-throughs 8022-802¢ 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 800z after receiving. At step C, the machined base 800a may be fired or heated
such that microscopic crystals in the machined base 800z are released, which reduces deformation

due 1 heating and cooling cycles when operating in 2 manometer.
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4. The vacuum manometer according to claim 1, wherein there are three electrical conductors. 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. 6. The vacuum
manometer according to claim 5, wherein said circuitry is configured to collect charge in response to
said diaphragm interfering with parasitic capacitive coupling between two of the conductive elements
in electrical communication with the two conductors on which the alternating electrical signals are
being drivd?f43] Witk vegsrdanFii{arfSome sapde.cogdmgaerniolphis 5, aptieroin:sajosedne ué tiveralaments

include thrgg interdigitaies, cond 'V&m%!%@@& T, h\éaqywapmam?,%ﬁ{ Recarding fo claim 7,
wherein: a firstlinte d:i:%it%‘t d con%gt:tive %%/ment%?té%%s in substantial % cirgular dir.ect%nss from a first
Ip ex

linear conduétVEStH namy. ?§b‘|3?f§/ B IR AHP? SHrstof LAt Comt GRS SF8Adhg through

said base lguégendinteredigitgled foondoativepiéedent dtentisiGstibstantially circular directions from
a second IW% Q}% ductiv str]go extending radially outward from a second one of said conductors
g

extending fiERSsE: Bifa & th i TReTaititatBREA it (R Sfefemeladiiern Lidetantially
circular dinzetiors: flangiasthirtdi 08T sothd bethBI&GtriF ek tbadinglirgdibthe phacsoRfbaplasiltied-one of said
cond UCIOY%@@&@@&M%Q@&%IQQM *Ir addidon, the conductors 804a-804c, too, are ground such

that the glass coating 808’, plass feed-through or flit 8022-802¢, and conductors 8042-804c become

coplanar.

[0047] With regard to FIG. 8D, at step F, a meral léyer 810 may be appiied over the glass layer 808",
The metal layer 810 may be deposited using 2 vapor deposition process, such 2s one used in the
‘producton of semiconductor chips. At step G, a photolithographic process may be performed to
produce trace lnes that are conductive elements, as described herein (see FIG. 4). 'The
photolithographic process may include etching and other processes that are used in the production
of semiconductor chips, as understood in the art. Thé manufacturing process described in FIG. 8
allows for mass production of manometers, 2s each of the bases of the manometers may be placed
in a single tray and the maﬁufacruﬁng operations may be performed on mulidiple manometers

simultaneously.

[0048] With regard to FIG. 9, 2 flow diagram 900 of an illustrative process for operation of a
manometer in accordance with the principles of the present invendon 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 berween the conductive
elernents may be sensed. In dismarbing 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 iliustrative and that alrernative
structute and “processes may be uulized to perform the same or analogous functionality in
accordance with the principles of the present invention. For example, aiternative circuitry may be

utilized to change phase or types of signals, but result in the same ourput. Still yet, different trace
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9. The vacuum manometer according to claim 8, wherein one of the two conductors with alternate
electrical signals is connected to the first interdigitated conductive element, the other of the two
conductors with alternate electrical signals is connected to the second interdigitated conductive
element, and the third conductor is connected to the third interdigitated conductive element. 10.The
vacuum manometer according to claim 1, wherein said base is metallic. 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
representhtiv coofighetmn oé the hamiyetive prasiticuapzcitiiecd cnpliomd2ii kenmethod &ecording to
claim 11, whesginisensingdassdescollectingadifeseptialbcharoe .l espeRsa 1 the digphragm
crossing ay; Iectrc_)ﬁtat'c field that provides for the, parasitic capacitive coupling between the
conductive Ih%?’ue &* %s‘mf’ﬁ BN ETOARRSTIIAG 16 RARAPLE S HS R CE I MGIRcludes sensing a

differentiajgagngs.in-heRaiasiic capasitivecounlingoeweea.&Oxa. st signakling and.a sense line
and Eft a second signal line and the sense line. 14. The method according to claim 11, further

comprisint BSToERAY S LA A8 CEHER B (RGPS R AHE #o e COTmRSERER $67j58%orm said

sensing. the methods and varations used to implement this invention in other areas than those described in
detail. The foliowing claims set forth a number of the embodiments of the invention disclosed with
greater particularity.
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15. The method according to claim 11, further comprising: applying a first oscillating signal onto a first
conductive element of the conductive elements; applying a second oscillating signal onto a second
conductive element of the conductive elements, the second oscillating signal being 180 degrees out of
phase fropy thafigst oscillating signal; and wherein sensing includes collecting charge as a result of
more positive parasitic capacitive coupling being disturbed than negative parasitic capacitive coupling.
16. A vacgy mangmaeter, 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 d%aphra%m connected to the side wall of said monolithic base and positioned
. vacuum manomeiet, compmsmg:
a base including a side wall extending higher than a center portion including a
top sutface and a bottom surface;
a plurality of conductors extending through openings defined by the center
portion of said base;
a glass coating attached to at least a portion of the top surface of said base;
a plurality of conductive elements disposed on said glass coating and in electrical
communication with said electrical conductors; and

a diaphragm connected to the side wall and extending over said conductive

elements.

ko

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

vapor deposition deposits on said glass coating.

3. The vacuum manometer according to claim 1, further comprising a plurality of glass
feed-throughs connecting to inside surfaces of the openings through which said
conductive conductors respectively pass, the glass feed-throughs providing vacuum

tight seals.

4. The vacuum manometer according to claim 1, wherein thete are three electrical

conductors.

5. The vacuum manometer according to clim 4, further comprsing circuitry in
electrical communication with said three conductors, said circuitry configured to (i)
drive two of said conductors with tespective 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 szid diaphragm moving.
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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 base, and wherein

said condyictive ejements,are sopnacled (9. 5aid g'ass.|aysmd8:The aguum i pccording to

claim 16, further comprising an electrical circuit connected to said conductive elements and configured
to sense a changelitrpabasiticieapatitive toupkhdibdiveen isonttiodyeidiememisincrgsponse to said

diaphragm moving,if;[eSpARSe 2@, SHANIL I AIESSUIS ST DeYASHUM MARAMERE Acsarding to

claim 18, where in said'monolithic base is configured to enable said electrical circuit to produce the
substantially sarfl fieastitdrment whahishid halkers g Rlertethpsraae RRBESHE S more thermal
cycles. 20. An electrical circuit for measuring pressure changes on a vacuum manometer,
saidelectrical cirqli¢ camprising~amascilaiorganesating.ap, eseilatingsigRaliuctive elements

include three interdigitated conductive elements.

8. The vacuum manometer according to claim 7, wherein:

a first interdigitated conductive element extends in substantially circular
directions from a first linear conductive strp extending radially inward from
a first one of said conductors extending through said base;

a second interdigitated conductive clement extends in substantially circular
directions from a second linear conductive strip extending radially outward
from a second one of said conductors extending through said base; and

a third interdigitated conductive element extends in substantially circular
directions from a third Iinear conductive strip extending radially inward from

a third one of said conductors extending through said base.

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

connected to the third mterdigitated conductive element.

10. The vacuum manometer according to claim 1, wherem said base is metallic.

15



an inverter electrically connected to said oscillator, and configured to invert the oscillating signal being
generated by said oscillator; a first conductive element in electrical communication with said oscillator,
the oscillating signal being applied to said first conductive element; a second conductive element in

electrical gommunigation g\fl@g&%g g}g@;}f\gcmg inverted.eaciliating-signal being applied to said second
conductive element; a third conductive element being in parasitic capacitive coupling with said first and

second conductive BlBHEr<TEREESENRBREICGHPYTT & COHRImSC BRI Emit RbEATItAT 26 H5F d

conductive element, ar}g}gg[gj)gur&ql Am%géqﬁ@&@rgg@a@@i%th;@#;g@gugivg Q@{p@ﬁ%l The
electrical circuit according to claim 20, wherein said sensor circuitry includes a charge amplifier circuit

configured to generate HsUBRAE i RIEHEH<EROTERE RAHBIER S Froir Sorritifi coRdetive element.

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
chatrge in response to the diaphragm crossing an electrostatic field that provides for

the patasitic capacitive coupling between the conductve elements.

13. The method according to claim 11, wherein sensing includes sensing a differential
change in the parasitic capacitive coupling between (i) a first signal line and a sense

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

14. The method according to claim 11, further comprising blocking stray capacitance by

using a ground line for circuitty configured to perform said sensing.

15. The method according to claim 11, further comprising:

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

applying a second oscilladng signal onto a second conductive element of the
conductive elements, 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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22. The electrical circuit according to claim 20, 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. 23. The electrical circuit according to claim 20, wherein said sensor circuitry includes sensor

offset circyitry inglectrical communicatio r}é\ﬂ% said oscillator and said inverter, and configured to
receive the oscillating signal as a first input signal and the inverted oscillating signal as a second input

signal, said sensor &ffserelitbifithpindiudiag ovatidble agisiterbireghdfeniigheechfigdred to enable
a user to variably adjuqroggwglggg the first and second input signals to generate a first stage offset

signal; a voltage divider configured to reduce signal level of the fast stage offset signal to generate a
second stage offsetSgHalitaptcarBisaErive stamamreet ea e cons o witid>¥tsitage divider and

configured as a diffgrantiating-elementdp ensiradbata bird stags.offset sigeakis phapprapriate
phase, the third stage offset signal being applied to an input signal line of said sensor circuitry

connected to said third CSHEUTEVeBRSIHEHE SHEMRE SaBtritPERCift RCIPBYIBWatth 26! wherein
said sensor circuitry inglugesHasynehsanous detected circuit including a multiplier having a first input
line and a second input line, the first ingé;t line receiying a harg%gglta e signal from a charge

collector circuit of sAMEERSBICTRATIBYF 4hi %Y EaBhe RAGUPIREFES&VING%Re oscillating signal from

said oscillator, the multiplier multiplying the charge voltage signal and oscillating signal to generate a
synchrondids detBotedhsignalyrandracsampterdng holdleircuitcdufijeredapgengratelasdétected signal
representative of a Rressure c%{'qu at m}%cmgnomet r.

coniec 1o % 0o ase, and wherein said conductive elements are

connected to said glass layer.

18. The vacuum manometer according to claim 16, further comprising an electrical
circuit connected to said conductive elements and configured to sense a change in
parasitic capacitive coupling between conductive elements in response to said

diaphragm moving in response to a change in pressure.

19. 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 tetnperature after one or more thermal

cycles.
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25. 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 toyform aflatlass,purfas. 1he flatening gausing the sandustarso,as lisred ygh that

respective exposed portions of the conductors are substantially coplanar with the flat glass surface;
and applying a pridaliyrafohenictomplisignts onto the flat glass surface, the conductive elements

being connected to [gspegtive g&;@gﬁgﬁl 58l AgVaguwm manometer according to claim 25, further
comprising flattening the top surface of the base priorto applying the glass coating. 27. The vacuum

manometer accordif ®ershrsrirtbrenasHdifg e piadecoanyrriistes pdensstdylass
material onto the top S%Jéﬁ%ﬁé@@a@ﬂ%gg&emed by said oscillator;

a first conductive element in electrical communication with said oscillator, the
oscillating signal being applied to said first conductive element;

a second conductive element in electrical communication with said inverter, the
inverted oscillating signal being applied to said second conductive element;

a third coaductive 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 electrical circuit according to claim 20, 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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heating the base and glass material to cause the glass material to flow; and cooling the glass. 28. The
vacuum manometer according to claim 25, wherein applying the conductors onto the flat glass surface
includes using a photolithographic process to define trace lines of the conductors. 29. The vacuum

manometey accargling 19,£1aim. 2%, whersin pepving, the candustarsincludesappivingdiree.

interdigitated conductors to the flat glass surface. 30. The vacuum manometer according to claim 25,
further comprisingragseribiinggliss feedlthroug romeaing e ehdattorscdldending, @it wherein
flattening the glags.coating inglades fattening.atleastia grign af.theglass feedhraughsdo cause top

surfaces of the glass feed-throughs to be substantially co-planar with the flat glass surface.
mverted oscillating signal as a second input signal, said sensor offset circuitry

including:

2 variable adjustment circuit element configured to enable a user to variably
adjust between the first and second input signals to generate a first stage

offset signal;

a voltage divider configured to reduce signal level of the first stage offset signal

to generate a second stage offset signal; and

a capacitive element electrically connected to said voltage divider and configured
as a differentiating element to ensure that a third stage offset signal is of
appropriate phase, the third stage offset signal being applied to an input

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

24. The electrical circuit according to claim 20, wherein said sensor circuitry includes:

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 circuitty 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 signal representative

of a pressure change at the manometer.
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25,

26.

27.

28,

29.

30.

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 respective 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 claim 25, 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 claim 25, wherein applying the conductors
onto the flat glass surface includes using a photolithographic process to define trace

lines of the conductors.

The vacuum manometer according to claim 25, wherein applying the conductors

includes applying three, interdigitated conductors to the flat glass surface.

The vacuum manometer according to claim 25, 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,
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