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Pl RANl PRESSURE GAUGE This invention relates to a
pressure gauge. One wel |l -known type of pressure gauge

WO 2008/0Ris8aNi gauge. Such gauges are used for nREEGBRIVY/002722

the pressure of a gas by nmeans of a heated filanment of
whi ch the tenperature is nmeasured in terns of its

el ectrical resistapPIRANITPRESSURBGAMGEH the fil anent
| oses heat to its surroundings, is a function of the
gas pressure, and hence may be used to permt the
gauge to neasure vacuum In the Pirani gauge, the

t m of a \Wheatstone bridge circuit.

|
%:hbsaiggx%@téowatﬁ gp?gpléﬁséwc?ﬂa‘ég?her a const ant

tenperature or a constant voltage node. In the forner
node, the power suppl ied to keep the filanent at a
amswalhknownﬂrémm Peesmre gaugitih adtieaii gaupa. guich gauges are

B S o BB R0 TR hent o

Whidrﬁmect@mpetrbtwéis pleessrsd irermbof dsatédtricall resistance. The
i nhal ance of the bridge acts as a neasure of the

tRig A ahigh v&Uamenm@sers neAHAISUrEPURTINGS, ISgalﬁwtlon of the
g%pgs:@ééuxfe CHPhESES rrf’ac})’\%é %6 Pﬁﬂnﬁtﬂhé‘ﬂélﬁgﬂé?tgh%asure

oft td mnimse om t
caculngt i on. For exanpl e, the BOC Edwards APG MP Pirani
gauge contains a filanent fornmed froma

pl ati nuni rhodi um all oy. The use of materials such as

R B PRI Yauge) e flahntfi® \'n éﬁ@ aWhrd? ae\m@a@s%oha ®riflgE Wreuit.

to neasure pressures down t mbar in corrosive
€heigaogawnay be;gﬂetrataq/m@ﬂm ﬁt@@éantﬁe@@ﬁraiurﬂjgba constant

PoEEORS FRRn S Bne b ke EiEe W BRTHq Blbrent o

Q’fb@hstaﬁlt $erape AN FO%AEs WM ichangesirsgas preysdes, drel hence this
i ncrease the range

power acts as a measure of the degree of vacuum. In the latter mode, the
variation with gas pressure of the electrical imbalance of the bridge acts as a

measure of the degree of vacuum.

The filament of a Pirani gauge typically comprises a wire carried on a suitable
support to minimise loss of heat from the wire by conduction. For example,
the BOC Edwards APG-MP Pirani gauge contains a filament formed from a
platinum/rhodium alloy. The use of materials such as platinum or Pi/Rh alloy
for the wire enables the gauge to measure pressures down to 10 mbar in
corrosive environments typically encountered in semiconductor processing

applications.

Recently, there has been an increasing demand to measure pressures as low
as 10 mbar in such corrosive environments. In order to increase the range
of a Pirani gauge, it is known to increase the length of the filament by coiling,
thereby reducing the effect of heat loss through the filament support whilst
minimising the increase in the size of the gauge. For example, the BOC
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of a Pirani gauge, it is known to increase the length
of the filanment by coiling, thereby reducing the

we@bdoem1088f heat | oss through the filanment suppP€T/GB2005/002722

whi | st mi nimsing the increasesin the size of the
gauge. For exanple, the BOCEdwards APG L Pirani gauge
contains a coiled filanment formed from gol dcoat ed

EHW%%QPG\JW Bifanigy drﬂa FPEbirdPiiahent f’o?n%"f"r‘oﬁ"nogold—

However, ong exposure of such
coaten‘stungstenawhm leabde torotkasure prassuess dowortd rié) mbar.

ramati cai creases tg ff t ve lifetine of th

atiguer ABIRGRRG RIS e PhRUA! SARSR P17 BHSHE VR SPREGM such
éé AlbAhA! drakBatRalIR d@b?ééé@é%é@@cﬂx?@: Metite bfthe auge.
npractlcal as wres formed fromthese materia

Benlasing thecijament withra fijaneentfgimed fram platinumeor %qw red

plg T oeig Sobss MoBretcRCaR Bul Buflli Il tidse ARnals
EamnastideassiRdRyMIVes ridugirtesitain the required fllamehbiength within an
purpose. In order to address this problem the present

aeramieblorogpaesiaes As arHesui i SoHE NPVl Eensive
%%%@@ﬁﬁgpﬁéﬁérﬂgteq gd%‘?@te'%dfo Heid o? ki e%%ﬁ ormed from

risin num an |r| |um e anount
of pl atlnumln the alloy being at |east 70%

5 e L R, T A
%ﬂd?)btlv&ﬂﬁré@%?é‘pbﬁgb dUn%l%ﬁr‘ig §Shedted, %llgagﬁldméhi fo¥med from

enable the wre e coiled Telatively t

avin alley comgrisingr platinpwmogred trléie;sﬂ pthetargowaint Qiypleimmen the alloy
SR Bt ST R elraRl BRIl e nailin apdiasidgum.

superlor corrosion resistance in conparison to
conventional gauges in which the filanment is forned
Inreantiash &z fillaments foed Famelt eua FéRdhallys the meghanjcal

%ﬂgg{eﬂf&@ﬂhe'ﬂwaﬁggﬂggﬁ t@ééwuféjﬁ)bﬁee[:@llé”c} Féfgﬂl\)’ely Hihtly, whilst

pressure gaug or us
therthenndLmbpertmmﬁthetallbymglablmlheo@ugerm mbaswe pressure

ur slowa r need to sured in
gg 55‘ ab adsdlt1 ion, the c%emlcel al prope lesrg? e alloy prov?de
superior corrosion resistance in comparison to conventional gauges in which

the filament is formed from tungsten or gold-coated tungsten.

As a result, the present invention can provide a relatively low cost pressure
gauge that is suitable for use in semiconductor manufacturing applications
where pressures as low as 10 mbar need to be measured in a corrosive
environment, and which has superior reliability in comparison to conventional

Pirani gauges typically provided for this purpose.

By way of example, an embodiment of the invention will now be further

described with reference to the following figures in which:

Figure 1 illustrates a view of one embodiment of a head of a Pirani gauge;
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envi ronment, and whi ch has superior reliability in
conparison to conventional Pirani gauges typically

w@e@eiodss4 f or this purpose. By way of exanpl e, PEIGB2005/002722

enmbodi ment of the invention wihl. now be further
described wth reference to the followng figures in
which: Figure 1 illustrates a view of one enbodi nent

P{gu?e befdstPhted VbRV dagnem oé?ﬁrhﬁbﬁ dﬁt' C#fléslt]ééd 8faPirani

viFew of 'a second enbo a Pirani
gauge, Figure 3 illustrates a control circuit

i ncorporating the filanent of the gauge head; and
Figure 4 illustrates the variation with tine of the

p@% RYIIHSPANe8 BRI cnt:ui@irfd‘o%@r%ng@h@ﬁﬁanhmaﬁqﬁe gAuge

orine environnent. Wth reference initially to
ME@mnaﬂd. a first enbodi ment of a head of a Pirani
gauge conprises a corrosion resistant, electrically
i nsul ati ng base 10, fornmed for exanple, fromglass or

gua@uqllustfm@b the vaBatiH With ftindd of theeleaiding fioin & hawber of
apted to communi cate with the environnent to be

Wﬁf@@r@ﬁig@ﬁﬁﬁﬁﬁédn gifluaite envieMmennent i ncl ude an
encl osure under evacuation or maintained at a | ow
pressure, or the exhaust of a vacuum punp. One end of

Withoref@reinge iniéiallysteRigure dda T2stedraisodimemt loy ai heswl oft & @irani
fromthe filanent i s enbedde n the base

UGS SAMRIISRE SeRrEsian re%#aefj Slestiealy Ipswﬁéug gpﬁﬁgpor Yormed
@%%ﬁgé frémagfléé’sc&eéer‘aﬂm& h\ﬁhf&h*TSFm§E§rtcﬂf atrh@mré?@lpé%not

ctrically conducting netal 18 are al'so
shdmnﬂ)d@diaptadtth €obupenitate Wik th@mwrcwseehma memitored.
rowde connegcti ns_t,0 a Wieat st on
PidiBples ot 8 bV BRAR hollea 8ndi8s e Vi dvBGation or
PBfitaRddst oW pResURN T thaexhalisttdfer vadiuind pumi. The
filament 22 is formed froma single I ength of coiled

wi re made of an alloy of
One end of a corrosion resistant, rod 12 electrically insulated from the filament

is embedded in the base 10 made from an insulating material. An electrically
insulating bobbin 14 is attached to the other end of the rod 12. Two
electrically conducting metal pins 16, 18 are also embedded in the base 10.
The lower (as shown) ends of pins 16, 18 provide connecting pins to a

Wheatstone bridge circuit 20, shown in Figure 3.

A filament 22 is spot welded to the upper ends of the pins 16, 18. The
filament 22 is formed from a single length of coiled wire made of an alloy of
platinum and iridium. In this embodiment, the filament is made of 90/10 Pt/Ir
alloy, containing 90% Pt and 10%lr (by weight). The filament 22 passes over
the bobbin 14, preferably within a circumferential groove formed in the bobbin,
such that the filament 22 is retained under slight tension between the pins 16,

18 in a “V” configuration.
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platinumand iridium In this enbodinment, the filanment
is made of 90/10 Pt/Ir alloy, containing 90% Pt and

waoMk0108Ry wei ght). The filament 22 passes ovePCT/882005/002722

bobbin 14, preferably within agcircunferential groove
formed in the bobbin, such that the filament 22 is
retai ned under slight tension between the pins 16, 18

lrgf‘aﬁ'othgr eRfHYdigBhEEh&HN if Fi%ﬂ oé @elheelf%ﬂl J&ide ﬁ@&él\’%ohfbnses a

the Pirani gauge nprises a sim.l
ahalair eﬂerﬂhtql Iyi Insulwng rin@sbalithJibetfmsft ¢rabbilingent. A corrosuon

el Bt Bhaui SR a0, e
loQeR(aé @ﬁoﬁ)ﬁ?‘éﬂh @frtﬁe Pbd thprbﬂdeg‘é ﬂﬁ‘s@&d}rﬂ@éctmgfpm $ér the

connectln Wheat stone bridge circuit 20

mﬂeatqipge%mdgecﬁquuﬁ&& oihe sppasead of the mrhé hagan LEshaped

L.at f t
peiehir B8 b e TR Piffion BEirlvol B " Sitnikh o il (,°
&bblEn&ats @ m@talthEZB@y\arso(@rﬁbédimmbn ebaye 1®1€thelldswé|6(as
provi di ng a second connecting pin to the Weatstone

showyeend pEihe P26 pravidingeriecesd;congigstingSIkutheo t ne
6
YARBES(BRE Hhidgsrdtita 0 A ML AC2S RAGSotRAABH 6 s Uer ond
d)fSthélcp|1n‘r126 éndnthetauppmgére:ldbbbhggbdcﬁ4 cBinhikat twtlt#et;fllmwbﬁdiment,
0 ati num and jri enbod
P famete 35 wronad Tora aincls l<th 6 ppiRd Wi vage ohppalioy
gigé ﬁﬁﬁu%eaﬁd)lrﬂﬁ&ﬂr n %ms"e%d@i‘ﬁ%h%%&etﬂg fﬂg%rﬁ'lé Fn‘éio‘e of

as the usual four resistances , 4,
2@dh Rifloalloed on a respective arm of the br| dge
circuit 20, and where R, R3 and R4 are fi xed
resi stances and R2 is the resistance of the fil anent

WithtregerBneand Figuees, tid vvinedtsiopedrityedtitdude®has Ittee usual
bridge circuit 20 is given by the equation R2 =

foRs resistanpas ikye Rat Re aasé%@faash eﬂrO\aﬁﬁﬂ o & FGWBW agm of the
%@Sﬁ@&gﬁ;@“ﬂ%@@{&@ﬁe, R”%H&'ﬁhgarte%dt %ls*?éﬁtf]&e%nd Rz is the

I'n"t'hi's cas
resistatcenokthef filament of the Plranl gauge. The balanced condition of the

bridge circuit 20 is given by the equation Rz = Ry .R4/ Ra.

In use, the operational amplifier supplies the bridge with voltage ensuring that
the bridge remains balanced at all time. In this case, the hot resistance of the
filament remains constant. This is governed by the constant resistance of the
other arms of the bridge. As the pressure in the gauge head increases, for
example, the heat loss from the filament increases. The operational amplifier
will increase the voltage to the bridge to ensure its balance. In this mode of
operation, the supplied voltage will be used as a pressure indicator.
Calibration of the gauge will allow conversion of the supply voltage to

pressure.
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filament remains constant. This is governed by the
constant resistance of the other arns of the bridge.

WA00bl0808RY essure i n the gauge head i ncreases, POF/GB2005/002722

exanpl e, the heat loss fromthesfilanment increases.
The operational anplifier will 1ncrease the voltage to
the bridge to ensure its balance. In this node of
[ I :
AR e ShbRBhICTePbADNE) INeoRaltafl iidoauge i
a’brmwd dmmansallmry coffplahrwm ol iidiviot, tthg@reienmde@mnpesition being
descri bed, above fil gment

o Bt ol Rt prERFiage: biy et APt Al BRTRY be

a{frb@i'dé@ THEEmRICBBARICE Braiies bt ‘dh@ﬂafﬂﬁ} Qﬂatﬁglﬂlrg’cé 'b% coiled

't hough different percentages, by wei
lquffigignihetightty icerpblgtiee fisohentite aeplpce rhlemgstea avfgoidhceated

UG ETER o PRyl B 5 b0 B8 M8 ioar,
qm,m eRAtREMicH) gsdsertibs Ioatmﬂéw m@vsw nlnypr@eée chrosmn
measure pressures down to 10 4

dasisfange ipravapanisen t§>fcqrtV@naomaJJll@n@otSdf@rmﬁgrfmcW or Au-
% é)os‘,?n resi stance in conparison to conventi onal

Parent's formed from Wor Aucoated W For exanpl e,
Figure 4 |s a graph show ng the results of tests

erforne flve Pir aug s located for around )

For sXamRle RioH e A '8 e-rapRaheminshing festls 26tssts perprBSd using
T

T e

icbhtainingt2(sifluoFing atatmosphetic pm&snge aTh@elothBse Igauges

fil Th h t

W B eg et tordia e (R S8t rPedimit, b8 Aliated B Figure 2,
Bdchrivirty Mo/ @ P filameat.t TBe Fodrim 8&@@'@ derrﬁﬁﬂtd]the first
simlar to the first three gauges, but wth

neeaugess exeeptiihat thedilamenheampesed & é@@oataww filament, and
e Atf Bauoifad B8N Sl Id et (b acbaRLES, Bl e

readi ngs auges con
exception here that the fllament comprised a W filament.

The results of the test indicated that the readings from the gauges containing
the conventional W or Au-coated W filaments, as indicated by arrows 36 and
38 respectively in Figure 4, dropped by at least 2 volts after 5 days of
exposure, due to ﬁlément degradation by the fluorine atmosphere. In
contrast, the readings from the three gauges containing Pt/Ir filaments,
indicated by the arrow 40, remained substantially constant over the entire
length of the test, indicating the superior corrosion resistance of the Pt/Ir alloy.
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the conventional Wor Au-coated Wfilanents, as
i ndi cated by arrows 36 and 38 respectively in Figure 4

wO 2ebsopsed by at |east 2 volts after 5 days of PCT/GB2005/002722

exposure, due to filanment degrgdation by the fluorine
at nosphere. In contrast, the readings fromthe three
gauges containing Pt/Ilr filanments, indicated by the
arrow 40, remai ned subst anig)z M/Sconst ant over the
entire length of the test, -I'T'I'O!I_C'atlng t he superi or
corr03| on resistance of the Pt/Ir alloy. CLAIMS 1. A

her conductiyity.pressure e co

oot o AL EoRdyCHiR PreSUE g5 BEHOGPTR ng ¢ Heated, coiled
conpr ﬁﬁdnﬁ‘éhtﬁ‘b?rhéﬂ lfmna@ﬂ él@?'dﬁﬂﬁxpﬁ% BIERIM Shd chﬂ&r'n”%
in the alloy being A gauge accor di ng
to C amaunt o\ﬁplatmwm tmtéweaallowoemgrpt least 78Ppr oxi matel y

90% pl ati num and 10%iridium 3 . A gauge according to
Caiml or aim2, conprising nmeans for supplying an
gl ectp g@uge:aéé@atngtt@ Clagm i, vaErein the dIvgtconistises
filament. 4. A gauge accordi to any preceding claim
wher eﬁﬁpqunﬁtqlﬁﬁﬂg@ plaémﬂma@%m% HidHgn- | i near
configuration. 5. A gauge according to C aim 4,
wherein the filament has a substantially V-shape. 6 .
3 gaupegaggeoackordirigotoatigirp riesrediaig z;lo@mpnsMganmamstfbe

filanent forrrs 0 ar m of el ectrical
ar r anSURPIVHIAR BlRCYIGA CUITRt 10 b Nlameptio é@@ﬁﬁﬁ filament.

representative of gas pressure within the gauge.

4, A gauge according to any preceding claim, wherein the filament is

formed in a non-linear configuration.

5. A gauge according to Claim 4, wherein the filament has a substantially
V-shape.
6. A gauge according to any preceding claim, wherein the filament forms

one arm of an electrical bridge arranged to produce an electrical output

signal representative of gas pressure within the gauge.



