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Val ve for Vacuum Exhaustion System Field of the

I nvention The present invention is concerned with a
valve to be used in the fluid control device and the
like in the sem conduct or manufacturing equi pnent. 5
More particularly, the present invention is concerned
wth a valve to be used in the systemfor the
exhaustion fromthe process chanber enployed in the

sem conduct oyalv@for \adudinh Bxhabetidtg B9steen of the
I nvention Generally, a gas having high chem cal

Field'f3RE iindnfions supplied to the process 10 chanber used
N tﬁe"s__l'_em conductor manufacturing facilities, the

ace By TSR aelSd W SN 1] B8 aiefin the fuk
cont Bl Weifte phan kA n' et SeRtiSondlietdy et “BaBment.

Therefore, to conduct an efficient exhagustion fromthe .
More U Fhtianeiesert mveslipd iseoncaes Wi gty 1% RS Used in
exhaustion pu wth a high conpression ratio which,
the systeraxfefuthe gxhaustionm fomthet pircess| ehamber emplayed anthe
if the suction pressure is |ow However, in reality,

semicorducioumanafaciutng.on punp having a high conpression
ratio is not easily available. Accordingly, it is
Backaemasbaf theflayemfish conventi onal exhausti on system for
t he process chanber to overcone two 20 probl ens, one
t @énérafy,3pgas ﬁaﬁiﬂgbﬁgﬁ&hé#ﬁ&éf@ed&tivﬂy@s bughlicdasthe pedcess
efficiency using a punp having a relatively | ow
cha [§ES] iﬁntﬂea%bﬂaic@rﬁﬁigﬁ&e nAdRAciURAY {dMfitie8) Bhé C@fbrRiBals
the punp I's to be avol ded by keeping smal| the
. pet : .
man@aEEHieTaltiicE b e 1RE, HAERHERIL I BidiagRuin GRfkrh i he
| ens ter,.of the

proc%%og?éﬁsgr IS-I’QQ{[HE%% 9(5 SiRadst high reactief.t&) ,igzqgess ifnosrafétgeand with a

n-i

high degree of efficiency.

Therefore, to conduct an efficient exhaustion from the process chamber, it
is necessary to employ an exhaustion pump with a high compression ratio which
can exhaust at a high exhaustion velocity (1/min) even if the suction pressure is
low. However, in reality, the vacuum exhaustion pump having a high
compression ratio is not easily available. Accordingly, it is necessary for the
conventional exhaustion system for the process chamber to overcome two
problems, one that the gas is to be exhausted with a high degree of efficiency
using a pump having a relatively low compression ratio, and the other that the
overload on the pump is to be avoided by keeping small the pressure difference
between the primary side and the secondary side of the exhaustion system. To

solve the two problems, the diameter of the pipings for the exhaustion is made
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1 large (a nom nal dianeter of approx. 4 inches) so
that the conductance of the pipe passage is great.
For the same reason, the valve having a |arge dianeter
is enployed. The fluid flowis classified into two
regions, a viscous flowregion and a 5 nolecular flow
region in regard to the relati onshi p between the
pressure and the inside dianmeter of the flow passage.
largel ¢a ¢ondlngk diametér of ialgptoﬁmﬁtm;hbkpﬁo that the comdudctamst of the
that the exhaustion be conducted in the viscous flow
pipe 8k88e is §rezACNFBY the S4muirsa80IS, the Q)dl\feel%\ﬁﬁklg allafye diameter
inside dianmeter D of the fl ow passage should be
; I (where L: the nean free path of gas nol ecul es
'S eng;?llg?%)tg the inside 10 dianeter of the flow passage).

F , ' | atianshj =4 -

el DEalHd WS it WS thBL R ¥ Ragal’ 10 el Bnd o

relatjonshi.p between.the pressure and the.inside
moldsPIARRY TotiBa it trdard i de FEBRRHSR BRRrael e reSuee enithe
. . pipings is_shown above. By1raisi g.the _pressure . o
insidg gaaetet gk th v passaae: h To eendusd afneticign axbAUsfiqn, it is

the result that 15 the inside dianmeter D of the
requgedi hgd the axhaustionhbevcendupted |isvihecyissaus flowdegiaide To

smal | . However, as stated above, since the
achievm\tbatviscouls flowprdgisn,athec ingide aliametey Brafl the flow passage

conpression ration (approx. 10), it is not possible to

shoul@bed. =Dhivhidre1s the nidar fiee phtitdiagagemoldduids shdl©: tf®mside
exanpl e, when the pressure on 20 the chanber side (the

dianfite & theSiAte passagkd: 3FURRET, thérac @ts tha rdationstigl si de
pressure becones as | ow as approx. 10-2 Torr. This

L=4.§§§W‘?‘i t pehifedh m@%ang?gé PAhiNEnd B7d PresSupdTpt er of

mor larger IS required fo attarn the' viscous flow

' 9’%8 r}el\%ibnsl%rt?et&%%hathgtﬁr'essure and the inside diameter to attain

the viscous flow region inside the pipings is shown above. By raising the
pressure higher, the mean free path L can be made smaller with the result that
the inside diameter D of the pipings to attain the viscous flow region can be
made small.

However, as stated above, since the conventional pump has a
comparatively small compression ration (approx. 10), it is not possible to raise
the pressure on the discharge outlet side. For example, when the pressure on
the chamber side (the primary side) is 107° Torr , the discharge outlet side
pressure becomes as low as approx. 1072 Torr. This means that the pipings
having the inside diameter of 5¢cm or larger is required to attain the viscous flow
region with more certainty.

As a result, with the conventional vacuum exhaustion system, there is a
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As a result, with the conventional vacuum exhaustion
system there is a 2 problemthat since the piping
system having a | arge dianeter has been required, the
facility is forced to be large in size. At the sane
time, there is another problemthat since a |arger
i nsi de dianeter of the vacuum pi ping systemresults
in a larger volune inside the pipings, it takes a |ong
problemeth&bsintd they pipingsystemtaavitg alargeldibimetenthias bddrereRjuired,
“is another problemthat to conduct an efficient
the facilayss iferedtabeh@rde in SzeM (AL tHeesaml fimd! HssteVBCantither
exhaustion system an expensive, high-performnce
. f ; _
prob¥eth 4HE1 ﬂHE@ &@Ygé&@ab%%é&l Bt C}g% Sfa%[%umbg}gh@r&?@nrg’suits

hi gh exhaustion velocity IS nee

. ' xhaust {: S h [ | atd
in ahler, ISR TS R Plrids, Y 3pERR, o Rind 6BE e 6 Vacuum
I Pings oceurs wh t he vaguum LS, put o .
exndlisBo?T ERgmoR. dhere o Aot roBliB thit B oyt ae: ffigiont
of the ipings resulting fromthe precipitatijon of
ex“%-l%‘é’{‘a‘ﬁc£§ﬁﬁagﬂﬂ% e\,’ﬂ#bﬁbet mallgizeshpayum sxhagstion system, an
pipings. Particularly, when the substances, water and
expensing, Uhighpesigivance wvachgm ipusic havingna darggasempressiafe ratio
t he pipings accunul ate 15 and adhere on the inside
and adiigls exhaustorvelocibsisarebdede pi pi ng parts of the
val ves, not only the afore-nentioned corrosion

pr Obl thien dther hbad, Witk tied eggum@sediziistioh \systewe athe dissociation
| eakages occur. |If the piping systemis heated, the

decbhigositfor§ Bfgdr@streeaifed iPsid6 ke §dcchi®hEA th
( rggjl?cedrgbeczgusest her‘e vvi’II be I?é‘gn%haﬁggfégf wat e? vaar?gum

pumis S B RSN o] G 18 LRI B e gt
AR W TR A
decomposition inside the pipings. Particularly, when the substances, water and
moisture produced by the dissociation of gases inside the pipings accumulate
and adhere on the inside walls of the pipings and the piping parts of the valves,
not only the afore-mentioned corrosion problem but also the cloggings and valve
seat leakages occur.

If the piping system is heated, the risk of causing the corrosions and the
like is reduced because there will be less chance of water and moisture
adherence along with the temperature rise.

However, if the temperature is raised inside the pipings, the dissociation

(decomposition) of gases is caused such that the substances produced by the

- decomposition deposit and accumulate inside the pipings, causing the

corrosions, cloggings and valve seat leakages.
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deconposition deposit and accunul ate inside the
pi pi ngs, causing the corrosions, cloggings and val ve
seat | eakages. 3 (bject of the Invention It is a
primary object of the present invention to provide a
val ve which nmakes it possible to reduce the di aneter
of the vacuum exhaustion pipings for neking the
facility for the vacuum exhaustion system small -si zed,
Objéctwsfithed dhviemtionost s, and 5 maki ng the vacuum exhausti on
time short, and al so which can prevent the

Itisd ﬁﬁﬁ@r@bb}a&t af thel 9%ymwérmanqb (189188 a aaﬁetmch makes it
occurrence of corrosi ons, cl 0ggl ngs, and val ve seat

posélﬁfﬁ%%aubé fﬁ@@aﬁ'i@ie%ﬁ(%a?ééﬁﬁ%ﬁﬁ%ﬁgﬂ @Pﬁg%r making the

accunu atiron of the su

fecifl T3P B o8 e RiEny %ﬁ&%ﬁ - feply x}f{h“@”{”ﬁf’@ and

ma@i&?ﬁb%ﬁfﬁ?@?‘aﬁ HRURESE Jird SN2 and, Blsg Whidhcen, prevent the

products nmanufacturing faC| lities and the |ike.

disspeiagPn 3l ydecompasiion of ignsesy shentheo pesureencs: 6F cagrosions,

chanber is required to exhaust the high reactivity
cloggingss and yaive geainteakagen insidegihedpiping: systes fqa@iseﬁdyy the

15 The piping systemin the sem conduct or
accumolatisotof the gubstaintes ipesdutadiny the dissogiaticresf gasasst em

to supply a gas to the process chanber, the process
Disaldure et thé hevaptiogum exhausti on system the vacuum

punp, the valves and the like. A plurality of punps

ar i oy tH
" SO S Na RIS oty R 1 cess

cha ﬁ\fbh? LsbASn tha @éﬁ?cor?dl?ct?r ?n%n%lﬁéi?ﬂ‘?r?i gacdgﬁ%% (:ﬁ@ﬁ\ C#a‘i’g{od ucts

vacuum type I nst

marl 158G Fa RS QRE el ety A T a—

process chamber is required to exhaust the high reactivity gases in safety and

with a high degree of efficiency.

The piping system in the semiconductor manufacturing facilities normally
comprises a system to supply a gas to the process chamber, the process
chamber, the vacuum exhaustion system, the vacuum pump, the valves and the
like. A plurality of pumps are employed for the exhaustion: i.e., a primary pump
(the high vacuum type pump) installed immediately after the chamber, and a
secondary pump (the low vacuum type pump) installed on the secondary side of
the afore-mentioned primary pump. A turbo molecular pump (TMP) is used for
the high vacuum type pump, while a scroll type pump is used for the low vacuum
pump. Also, as stated above, the pipings having a diameter of 5¢cm or more is

employed for the pipings in the exhaustion system.
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the high vacuumtype punp, while a scroll type punp is
used for the | ow vacuum punp. Al so, as stated above,

t he pi pings having a dianeter of 5cmor nore is

enpl oyed for the pipings in the exhaustion system 4

In recent years, however, the punp having a high
performance capability, or specifically the one which
achi eves a high conpression ratio of approx. 103 - 104
haln tevent gears, bpaever lthe poasp haviagid highgarfdrmance capability,
i ncrease the discharge side pressure of the primary

or sipedificdlly tABRIMwhizh-adhidwid a Rigtcompredsith i dﬁaTﬁprox 10° —
orr

pressure of the process chanber is around 10-3

10* RES PedhNdlveio pfﬂlg‘h?sﬂﬂadé hEptEGBIRUbSnS¥adk the MiscHarge

the process chanber an e vac um exhaustion system
s'de‘s'%}%ﬁ%%‘%afﬂ'@ pifiafy, g@ﬁm:}eh@bsuf #0:53Tor SV Kngihe inside
presShif Bt ginrigeds Shappét fﬁﬁrtgﬂﬁg%“ﬁnq%sp%&oaé’iaﬁm Y Bpfimizing

approx. 0.5¢m 10 However t he event that t he
the BF i onditions, % e Piacess Fhambier andsthe VRSN pihapgtion
that water, noisture and gases condense in the vacuum
systeh dbetingide digmelen af the, @inings icasi be raade smalhguch thatnit is
if the condensation and adherence of water, npisture
possiblestedsufficiently secuner thesviseous flew degioot withe tbe pipihgs having a
di ssoci ati on (deconposition) of gases retained and
smatl iregighe diameied cfot instangs, aasnyidediadetcsroh\approxnR8om. | s
out of operation may occur with the result that the

S HowieVide ein thiel evbitafiabihd b?eéﬁu?é%'nrﬂiréﬁébdj%ﬁoé‘d& fmélre is a
accunul ate inside the pi pings and the piping parts of

poséa?ﬁtg‘/ﬁ'a‘( SatEf Lfﬁbi@ rbNhdt géﬁé’sq beﬂéeﬁ’g &é@é&fdrﬁl exhaustion

I ngs and ve Sea eaka es. nce

sy ol ?ﬁ%@% il %Lg&*?ee phdetibs 55"3*%%“%"09

te r or. NDi st u he vacu
of water, moisture causedeby tWe set pressure 186 do not occur, the dissociation

(decomposition) of gases retained and trapped inside the pipings when the
vacuum pump is out of operation may occur with the resuit that the substances
produced by the dissociation deposit and accumuiate inside the pipings and the
piping parts of the valve, causing the corrosions of the materials, cloggings and
valve seat leakages.

Hence, it is necessary to keep the inside of the piping system lower than
the saturated vapor pressure of gases, water or moisture. With the vacuum
exhaustion system, the heating is normally effected for such purpose. (In case
of water, the saturated vapor pressure is 17.53Torr at 20°C.) That is, the
saturated vapor pressure rises when the temperature rises by heating, making it

difficult for the condensation and adherence of water, moisture and gases to
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exhaustion system the heating is nornmally effected
for such purpose. (In case of water, the saturated
vapor pressure is 17.53Torr at 20C.) That is, the
saturated vapor pressure rises when the tenperature
rises by heating, making it difficult for the
condensati on and adherence of water, noisture and
gases to 5 occur with the result that the risk of

ocCroRit e essulll thiab thes ASK 0F betwTansk bhihd tdifodions baduhedike is
Accordingly, as is known, it is desirable to raise the

reddc%ﬂpewﬁ‘;hbfcﬂn$l9 ﬁé‘ﬁ’@kﬁéwnlﬁ% ddsirabRotd PRiskithE YeRiperitire to

conmponents o e gas i nside the vacuum exhaustion

apo 150, TR0 Y B8 s IME B R AR rocuum
probl em t hat the subst ances

exh%qsi%&csgg?errﬁ),ﬁt%@?ﬁfcgega@?r&t i on deposit on and adhere to
oFouEVShe a8 mentiofed Abtnisa hengases e ARppGAIS when the

d| ssoci at i onH deconposition) is 10 caused t
temperatiretrisesacHes cemeﬁeamthebnml@mtaabﬂ\etw%amwmduced
wal | of the i pings. The inventors of the present
by thev@ias@tziaticbmwgposheorefaodeadmerektm theninsidéof thet pipingss thus
(nmetal materials) of the pipings, the gas tenperature
resuitind) inithe odinesiomisat i on (deconposi tion) of gases with
regard to various kinds of gases 15 commonly used in

the ReRheenduEtothaTfvreankHibAed fdissdstiatiors (88Bomposition) is

Figure 1. Figure 1 illustrates the relation between
cauddf b getﬁ[éeéétb i€ é’cﬂﬁmt Eﬁméiélsé 6héﬁ1% S8 g tuké%f‘bf the
of various g e case t 1s shown

plplﬂo%e gases whi ch are 100ppm at the roomtenperature are
conposed and reduced in the concentration as the

teﬁrﬂgrl%gﬁt%rsr o??ﬁe present invention have, therefore, looked into the

materials (metal materials) of the pipings, the gas temperature and the
dissociation (decomposition) of gases with regard to various kinds of gases
commonly used in the semiconductor manufacturing field as shown in Figure 1.

Figure 1 illustrates the relation between the temperature and the
dissaciation (decomposition) of various gases in the case of Ni. It is shown that
the gases which are 100ppm at the room temperature are decomposed and
reduced in the concentration as the temperature rises.

Similarly, Figure 2 illustrates the case of SUS316L. As shown in Figure
2, the dissociation (decomposition) of nearly all gases occurs at the temperature
lower than 160°C. To inhibit the decomposition and dissociation of the gases, it
is necessary to prevent the metal surface of the inner wall of the vacuum pipings

from exhibiting the catalytic effecté.
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20 Simlarly, Figure 2 illustrates the case of

SUS316L. As shown in Figure 2, the dissociation
(deconposition) of nearly all gases occurs at the
tenperature |ower than 1501. To inhibit the
deconposition and di ssociation of the gases, it is
necessary to prevent the netal surface of the inner

wal | of the vacuum pipings fromexhibiting the
caParjdilarlyefthecvalve thdamidreutarvalures hend dress Witergothe gas
curvatures and areas where the gas remains or is

rembindndieid ttdpped (hRandha! pighgsuiltht that thd9ava! s Pafs RAHErE the

where the pressure and tenperature are changed
dsBfdiand @nth bk, b ' hqpV, -
pre a large 1 nsﬂgﬁ{/rgla%rlﬁed}ée ﬁ@??c%ﬂ?%nﬁ‘éﬁ%@a%l anrre oqiﬁtﬁfewuh
e 0 Fur , in e
the LEIT0E "2 18R, ngid5al e rosigin 4RSS yOlimE BE 6%, §peo ges.
orr,osi ons...cl oggi ngs and val ve seat | eakages caused
Furtig, 138 Nside i Bie ez amightr@ivs dhe, yalve b Jotaf eBances of
_Brogﬁfed by the di ssociatign of the as. The
havipg, the Gosrasionsmecipgainsst andvealve oseatalaakeggn dcaused) by the
inhibiting the 10 %8? di ssoci ati on (deconposition)
depaesitiop ped adhergnaaef thersubstantes prodygidiby thadissociation of the
seat | eakages caused by the deposition and adherence
gas.of the substances produced by the dissociation where
the netal parts such as the inner walls of the

pi Phedsvertoshotiel gresehhgivehtion hate fOmss buaaref Fhibitag the
the catalytic action is not exerted, thus inhibiting

gas H%o@ia‘ﬁféﬁ%ébb@?oéﬁi@n? QRARESEAtHRYtHY ?éﬁﬁﬂgﬁés %%Eggbfg(sj,eand

i s known that ai nl ess steel nat'ural

valvéiigbgi %’ék%@@s %%%ﬁg %X ép% :Haéﬁogﬂfph%d LaRERREY 3 %?1? substances

wever, since -formed passi vty
oroc 81 1y i SR AT B utll ESu BERH et s of e
pipia{g%n\%fc?nncooﬁtact:tht%epfﬁ.lsl ia\% tp?ésfs{vla{gd so that the catalytic action is not
exerted, thus inhibiting the dissociation and decomposition of the gas.

it is known that stainless steel naturally forms an oxide film on the surface,
thus making it passivated. However, since the naturally-formed passivity film
contains ferrous oxide, the film has a problem in regard to the corrosion
resistance as well as the function of the passivity film.

There exist various types of passivation which irhibit the dissociation
(decomposition) of gases nearly perfectly with no catalytic action occurring.
According to the results of the tests conducted by inventors, as shown in Figure
3 and Figure 4, the passivétion with mainly Cr203 (chromium passivation) and
the passivity with mainly Al203 (aluminum passivation) are preferable.

In the case of the chromium passivity, as illustrated in Figure 3, there exist
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There exi st various types of passivation which inhibit
the dissociation 20 (deconposition) of gases nearly
perfectly with no catalytic action occurring.
According to the results of the tests conducted by
inventors, as shown in Figure 3 and Figure 4, the
passivation with mainly Cr203 (chrom um passi vati on)
and the passivity with mainly Al 203 (al um num

gas@Rmictstapnthedddcamidsiicbbeen imthidmngesiewalr thae 150°C.  Itis
chromum passivity, as illustrated in Figure 3, there

sufﬂt%ign%tin gorﬁ?%%%e%‘éh thé Adcompositrin BP eises 08 iahibitednto this

e range [ower an 1501. It is sufficient in sone
ce b MR .
degfé ¢ Hoplher, 4T BOGR toafingl 4R afinGn B AT, Iomore
Lalunin ssi,vation .. r ' bbbt f
suit dn U E Pl o Forpfibalion ALRoes Whehtefpefat Bdhiabs Kirter
5 As illustrated in Fiqgure 4,.the alun Sj j
dods Wystraledolp Figure de 36%&6%‘?‘!’1“6% P@rs-“'%ﬁ@] &%%oheéﬁéﬂél}g the
to approx. 1500C. The al um num passiv d%w in,‘;jl_}hisI X
decomposition oficgasas taaPasy NP243 2PTOX nfé. The Y19 ANTIRUM
passivation can be formed by the method in which the
passivation irothis base imag ane witls ominlyAl203 (Blumind)-bot h i s
applied on the surface of to alum num nmade parts; or

si MiHeahlunibunt passieatiord can béifoimed dyottied me in which the
heati ng or a conbi nation of the both is applied on the

oxiditiohatHafthg Sef hakbbination sfuthec Bothisniapglied lay thes sutface of
as al um nu% alloys and the like; or by the nethod in

alufHURR-nidle Qﬁﬁror‘gigﬁﬁgg gpltﬁe FhetAba WnwHEH BenbXigatidn, heating

such as™ alum’num and the like is fornmed by

or B K0 Bigfr 2, Rt s AT i 2, e of, utavl
s ol B Puch IR PUSE Sl B e
met?'lfopdt I;ne v:f/r%l:?\/eth%r (laayré?tof suitable aluminum-containing alloys such as
aluminum alloys and the like is formed by plating or coating on the parts where
the passivation is needed, and then, the passivation is applied by oxidation,
heating or a combination of the both.

Metal materials which constitute a base material of the valve are not
limited to aluminum or aluminum alloys containing mainly alminum. For
example, austenitic stainless steel containing some weight percent (3~8%) of
aluminum can be used because it is confirmed that the aluminum passivaion film
containing mainly Al203 can be formed on the outer surface of the base material
by applying the heat treatment. According to the present invention, the

dissociation (decomposition) of gases caused by the temperature rise at the time

of baking can be inhibited by forming the aluminum passivation on the
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limted to al um num or al um num al |l oys contai ni ng

mai nly al mnum For exanple, austenitic stainless

steel containing sone weight percent (3-8% of 20

al um num can be used because it is confirned that the

al um num passivaion film containing mainly A1203 can

be formed on the outer surface of the base materi al

by applying the heat treatnent. According to the )
fluid SEﬁnsd iﬁYl%F%HﬁEceé Bethedbipfeparts oftHedvaloepodie libeused in

of 'gases’ cause y the tenperature rise at the tine

of bhakin . he 1 nhiDi kiha'idegsibne tal providenthe parts
the ﬂggg?'maF?%%@%ﬁ)p't ﬁ%giggaftrﬁgﬁ%c;n?alctﬁg [ nnerprsur faces

of _the piping par s, of if; bisgtioH 8fste to be
Wh'?hw@h‘?/‘%{éﬁﬁﬁi‘%'%ﬁ%fﬁfﬁgﬁ P@Eﬁ%ﬁhﬁ'{ﬁ%&‘r}}a raer)ldg; It posg? bl e

to provide the, parts i¢h allowt I f i
smafh phags Aarienany, Jeudavidn d0e FYAE syl BJERE tnd cediftions,

nore particularly to provide the valve which preve
cloggings vphessantdsakaaes g Hgdikes AR T é%‘%%%ﬁeﬁesaﬁ%’dmd

the likes caused by the substances produced by the

by tHecfempagidsiton. |t is confirmed that the al um num
passi vation containing A1203 or containing mainly
A1303si soRfirtiedd ehatdhal aliminompgassivatipni goptaiingt 1203 or
prevent the catalytic action of the netal surface and

rllt)é' RinvRali\CAROFBI preferdd allinsinpmesassivityrinardeoto prevent the
co eer?%creg\trsgd t hrough the afore-nmentioned process. The

& . . process. Th
catglgﬁ%rg?é%ﬂé gy g{%@%%i'sﬂﬁ@cé'aﬁﬂlinfp%@éﬁﬁedtﬁramlm ve whic

havi ng a val ve seat f or med on t he.

o TR Rt R B Brolgncegershagones
ooy Tt A ol Sy T e 4 I i compriss
2 body havingoh VaveveSakIRgad B iER BOjaT Bceal e VS SftdmibRy being
in (?c;mr?\%?\?c:art]i%ntvbi?h fal f(l)g\\tlv-?r? ngggges gn& I;aﬁow-out passage, a valve body
allowed fo rest on and move away from the afore-mentioned valve seat, and a
driving means operating to allow the afore-mentioned valve body to rest on or
move away from the valve seat for closing or opening the flow passage so that
fluid flow is controlled wherein the aluminum passivation is applied at least on
the surfaces of the body which come in contact with fluids.

The present invention in Claim 2 relates to a valve as claimed Claim 1
wherein materials of the members on which the aluminum passivation is applied
are aluminum, aluminum alloys or austenitic stainless stee! which contains some
weight percent of aluminum.

The present invention Claim 3 relates to a valve as claimed in Claim 1

wherein the aluminum passivation is applied on the entire parts of the valve body
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fluid flowis controlled wherein the al um num

passivation is applied at |least on the surfaces of

t he body which cone in contact with fluids. The

present invention in Claim2 relates to a valve as

claimed Claim1l 20 wherein materials of the nmenbers

on which the alum num passivation is applied are

al umi num al um num al |l oys or austenitic stainless
whicht eamewh cohtacbwithifuidsone  wei ght percent of al um num

The present invention CCaim3 relates to a val ve as

cl ahevsresentGhaention inNVOHig 4 réltesitoaivalve paskiimediinClaim1

is applied on the entire parts of the valve body 9

wherélh the a96Endds éfqnbaérﬁmmdrn phb&ivEson Bﬂﬁomé%man 20nm,
invention in Claim4 relates to a valve as clained in

O gy re%ﬁrtﬁbéhﬂd?'? t@l‘aﬁ‘h R t8§ td E_’}/aﬂéjgb ?:léﬁ?ned in Claims 1

paSSI ation 1s not ess he present

to 4 ﬂYcﬁL%W% rbvtg@regl 3\‘1@ g\uﬁﬁhﬁ‘ﬁ\e@ﬁgg gg‘ﬂ&?ﬂéethgs (IR palsivity

Inclusive num
assi vat.i o t he al um num passivity containing
con "Pﬁ’f?" gﬁéé%he present invention in Caimé6 reI at es
valve as clained_in Claim1l wherein the va
31'3 |F§e§eﬂféﬂlﬁﬁnféﬁfhwh?li’gﬁ1QE@'@@%@VWG@ $‘ﬁlﬂ‘% n C'a'm 1
cont act i na%‘rparts are coated with a fluorine-cont ai ned

wherein| ther jvalive llmodphds paewial diaphiagen vialveClbpidy, whose fluids-

relates to a valve as clainmed in CCaim1l wherein the
contatting pads age coatedhwitl al iuorinescdriainedsedia fdmanet er
which permits the fluids in the flow passage to form

a Theqresert iaventidieinoCRGaIT rélawstol ®oalve dd daimé&d in Claim 1
relates to a valve as clained in Claim1l wherein the

whelr*]éiofti 't% Pg%s%be% théd Galvle Vi PRRSASRE! dlafidferi@hi¥R pePmits the
fluids in the flow passage to form a viscous flow.

The present invention in Claim 8 relates to a valve as claimed in Claim 1
wherein the inside diameter of the flow passage in the valve is not more than
12mm.

The present invention in Claim 9 relates to a valve as claimed in Claim 1
wherein it is possible to heat the flow passage part to 150°C.

The present invention in Claim 10 relates to a valve as claimed in Claim 6
wherein the fluorine-contained resin film for coating the vaive body is made of

polytetrafluoroethylene resin (PTFE), fluorinated ethylene-propylene copolymer

(FEP), or tetrafluoroethylelne-perfluoroalkylevinyl ether copolymer (PFA).

Brief Description of the Drawings

Figure 1 illustrates the relation between the temperature and the

decomposition of various gases used for the semiconductor manufacturing in the
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The present invention in Claim9 relates to a valve as
clainmed in daiml wherein it is possible to heat the
fl ow passage part to 150C. The present invention in
Caim10 relates to a valve as clainmed in Caimé6
wherein the fluorine-contained resin filmfor coating
the val ve body is made of 20 pol ytetrafl uoroethyl ene
resin (PTFE), fluorinated ethyl ene-propyl ene copol yner
casg 6BEN)., or tetrafl uoroethyl el ne-perfluoroal kyl evi nyl
et her copol yner (PFA). Brief Description of the
Dr pigungs 2 Fillstratels itheusdlatibesbétvencithéi tempertatwren dnide the
tenperature and the deconposition of various gases

decorhpdsitioh of bsﬂm‘?sﬁyuﬁ@fm@ﬁ@ dbAfidaHdudtbriMahiictukihg in the
case of Ni. Figufre 2 illustrates the relation between

casd BFSU%@Q% ature and the deconposition of various
gaseés used for the sem conductor manufacturing in the

ca S Fi.aur N r S | ati
beF &é‘@% t%gn‘ﬁ'égg?ﬁge d f% 'Or{jeggﬁ%%%]et F%ﬂs%'%%\'/ ri %ﬁ% the
ases..used for the sem copduyct or manufacturing. ip the
decdtiBgsiyPn ohyals daess WSl die Srmayycior e yiacrindda the
the rel ation between tenperature and the
casqiatiheyrmivn passivatipBus gases used for semi conduct or
manufacturing in the 10 case of the al um num
pakigurat idonillustrgtese the sredation t betweearecteéroperatuiecwand the
the valve according to the present invention. Figure
decémpbsitioh raftearicasogases vséd dof sericandyuctar manufaatoring iy the
to the present invention. (a) is its plan view and
casd 8} thesalufrfindrh QHsskiativh.

Figure 5 is a vertical sectional view of the valve according to the present
invention.

Figure 6 illustrates another valve (a 4-gang valve) according to the
present invention. (a)is its plan view and (b) is its front view.

List of Reference Numerals

1 avalve

2 abody

3 adiaphragm

4 adriving means

5 a flow-in passage
6 a flow-out passage
7 avalve chamber

8 a valve seat

12 a4-gang valve
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15 List of Reference Nunerals 1 a valve 2 a body 3 a
di aphragm 4 a driving neans 20 5 a flowin passage 6
a flowout passage 7 a valve chanber 8 a val ve seat
12 a 4-gang valve 11 13 a flowin passage 14 a

fl ow out passage 15 a flowin passage 16 a flowin
passage 5 17 a fl ow out passage Best Mde of Carrying
Qut the Invention The enbodi ment in accordance with

t ht3 praeffmin passagd on i s descri bed hereunder with
reference to the drawings. Figure 5 is a vertical

sef4 i e fidwoutpaséagde val ve in accordance with the 10
present invention, which is a type of valve called a

mefal 4Ry pas3agd ve- A mejor part of the netal

di aphragm valve 17 conprises a body 2, a netal

di hra@m,_- riving neans 4. The body 2 is
pr?ﬁi §e vv?'.tI ﬁggs@.ﬁjve seat 8 which is forned on the
bOH’ % flow-out passage

Best Mode of Carrying Out the Invention

The embodiment in accordance with the present invention is described
hereunder with reference to the drawings.

Figure 5 is a vertical sectional view of the valve in accordance with the
present invention, which is a type of valve called a metal diaphragm valve.

A maijor part of the metal diaphragm valve 1 comprises a body 2, a
metal diaphragm 3 and a driving means 4.

The body 2 is provided with a valve seat 8 which is formed on the bottom
face of a valve chamber 7 in communication with a flow-in passage 5 and a
flow-out passage 6. The body 2 is made of aluminum, aluminum alloys and the
like. The body 2 is further provided with a concave-shaped valve chamber 7
opened in the upward direction, a flow-in passage 5 opening downward and
being in communication with the valve chamber 7, a flow-out passage 6 opening
downward and being in communication with the valve chamber 7, a valve seat 8
made of synthetic resin and the like and fitted into and secured to the center of
the bottom face of the valve chamber 7, and a step part 9 formed in the
periphery of the bottom face of the valve chamber 7. Both the flow-in passage
5 and flow-out passage 6 are shaped circular in its cross section.

The metal diaphragm 3 is mounted in the body 2 to make the valve

12
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face of a valve chanber 7 in communication with a

flowin passage 5 and a 15 fl ow out passage 6. The

body 2 is made of al um num alum num alloys and the

like. The body 2 is further provided with a

concave-shaped val ve chanber 7 opened in the upward

direction, a flowin passage 5 opening downward and

bei ng i n conmuni cation with the valve chanber 7, a
charhber7oulr-tiggs.s aPike tmet diaghragmvidvitth e ccemtém partnexpanding

conmuni cation with the val ve chanber 7, a valve seat 8

upwaRi REEAMes is 1 Arhi shapedfarrElstitdly dédernable] thih edetal plate

Into and secured to the center of °the bottomface of
suot} 36 hegs ST Cls borBAcel paHaR Midiited QPR e (s of the
t h L0 fl
ooil2 b Brostil S R PEon afilhy adifntt knbFRTERFa Bofihét 10
nsolodE v FBIRSE oh Foienfoi i B S 2
center part expanding, upward is fornmed in the dish
suchsfigh e Metel CABRBORYS iy SCRBAAEIBNIY hi n ot al pl at e
such as stainless steel. Its peripheral part is
nowihe @gnter partotthepmetal idigphragmha is ellawed tamgst gn and move
pressed against the step part 9 by a | ower end part of

away fioom tred val0e Seah8do chxbel anidbopér thalalgechanber 7 and a
bonnet nut 11 screwed on the body 2 such that the

MeThe bdnAkhne@Niddricallyetaped aMd inkeasdd into tR8 ealverdteaimber 7
part of the netal diaphragm3 is allowed to rest on

of th@%dyg %egr%%d Eg@ﬂsf 2 Boy2 aR8 %bclﬁréd)b%{@%nﬂ@qhéﬂﬁhnet

t he nnet 10 cylindrically shaped and

nut Wseﬁgqirfvqug'{e%f\ﬁvf%z;:ﬁ E}.agﬁg{e éne gﬂ% ﬁ@? gﬁSﬂ!tﬁe%ﬁefal

pressed "agail e body secure teni ng

ook T8 e 5h 4 oV oot K. AR T8R4l 450 o
shapes o snoyng away from the valve Seat’s) ' S1Ur M Of Ttsel to

The inside diameters of the flow-in passage 5 and the flow-out passage 6
are 8mm, and both passages are connected to the pipings having the outside
diameter of 9.52mm.

In the event that the aluminum passivation is applied on the liquid-contact
parts of the diaphragm too, the aluminum-made or aluminum alloy-made
diaphragm can be used.

Also, the passivation can be applied on the aluminum or aluminum alloy
layer which is formed by plating or coating on the surface of stainless steel or
other special metals.

Furthermore, although the pneumatic type driving means 4 is employed in

the above example, the driving means 4 need not be of the pneumatic type.
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shape for noving away fromthe valve seat 8. The
i nside dianeters of the flowin passage 5 and the
fl owout passage 6 15 are 8nm and both passages are
connected to the pipings having the outside dianeter
of 9.52mm In the event that the al um num passivation
is applied on the |Iiquid-contact parts of the
di aphragm t oo, the al um num made or al um num
For ekampleyadimandiabtipeagre, aameleetroamdinetio tyihes onet be electric type
passi vati on can be applied on the al um num or alum num

one ar @Yyhydrauke t¥|dm Whel Bah qsémlnﬁmwdi dhsteador Alsmt alttough the

the surface of stainless steel ot her speci al
diapARidth ValVelis IRPINES in %l'lé BBHG@ ekE UthBF fypet 1 valve will do
o rlg\?/}#ng nmeans gﬁ?s enpl oyed in ﬁﬁ]a ovetygxan'p le, the
driving neans 4 need not be of the pneumatic type. 13
For exanpl e, a manual type one, an el ectronagnetic

e on B@eaﬁﬁﬂt' f}é@ 'qc tc}/cﬁg\gn?kﬁg %rxp%n@ﬁgn 3%% ﬁ.g&% Bssuming
that 3%5@%& Taada, o GG @b an Ay GomEniITG Mainly alum-num

af ore-nenti oned enbodi nent, the explanation was qi .
Howgyey rﬁusgemtm gtainlpss §tﬁﬁ} containing gome weightinerserl (%aﬁ weight
alloy containing mainly alum num However, austenitic

percent)i oflalgmirsme ean derusdadion ghe bady.wei ght percent (3--8
wei ght percent) of alum num can be used for the body.
| t itiis confifmedntithttanfilkm af £20L2000m 2Wick @ontainihgakainly Al203 can
containing mainly A1203 can 10 be forned on the

be BHNEACEN ThedIRfAIROYE the HHvREfhehtibhEdi dustenitial sthipksss steel
steel containing sonme percent of alumnum if

contBfriG e 5steah! §BI6finum, if properly heat-treated.

too.

Also, with the aluminum passivation, any aluminum oxide such as alumite
or anodized aluminum, for example, can be employed, not limited to the
afore-mentioned Al203.

Furthermore, the most suitable thickness of the aluminum passivation is
approx. 20~200nm. The durability is feared if the thickness is less than 20nm
while the high costs for forming the passivation may be a drawback and the
mechanical strength of the aluminum passivation may cause a problem if the
thickness is more than 200nm.

In addition, in the afore-mentioned embodiment, the aluminum
passivation is directly formed on the diaphragm 3 which is a part of the metal
diaphragm valve 1. However, since the metal diaphragm is repeatedly bent to
rest on and move away from the valve seat 8, the aluminum passivation may be

mechanically damaged.
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Al so, with the alum num passivation, any alum num

oxi de such as alumte or anodized al um num for

exanpl e, can be enployed, not limted to the

af ore-nenti oned A1203. 15 Furthernore, the nost

sui tabl e thickness of the al um num passivation is

approx. 20-200nm The durability is feared if the

thi ckness is less than 20nm while the high costs for

f oABtOWdindie PaSHmVaifi the NMiworine-cortaimedacésiand.é.heTeflon, (a
mechani cal strength of the al um num passivation nmay

regléié#é?ﬁtrﬁd@ e EuER akFEP t iueknaed étﬁyl@ﬁé%rbbﬁén@%ﬂmymer
In addition, 1 n the afore-nenti oned enbodi nent,

gl Ui 2aSitalh i dselhig 4 o L

i aphragm 3 he neta di aphragm
tetfa\\‘@F¥°%ténﬁﬁgﬁ%ﬁ:9f83‘@&%eﬁ¢%h§ﬁﬁ?&%ﬁaﬁ,;ai‘@%% figd oan be
formedcofa e WS/ (Retoalie mRtaLLanPa . @”E.Vq%%qts the liquids.

fluorine- contalnedresm '.e., Tefl on, (a |ste[ ?
Thlstusah%:ayﬁektpeﬂg@ﬁmgscm@:med|r9§qn, filay isgelastic enoug to withstand
et hyl ene- propyl ene copol yner, PTFE
the pepeated rbénding oeft the elmhrggﬁnnS Pma can completely prevent the
tetrafl uoroet hyl ene- perfl uoroal kyl evi nyl et her
catabipactioer ofinbtalsewhickejauses the diSsdaiaticetand decompogition of
face of the nmetal diaphragm 3 which contacts the

gasés %’idd@so cahivitHstale hghsenigeraturs of bperoxonteit edleqaataty.

Imis elastic enough to withstand the repeated

beii*ﬁb HoRf-mdntioAL & R FHIEY By veﬂﬂé‘ of fife éﬁfmhﬁhéhefs RIrMBYEd in

catal ytic action of "nmetals which causes the

T e T
pump A Pl B0 asudih Y EBt8hYSY PurhB®

Figure 6 illustrates four of the afore-mentioned diaphragm valve coupled
together, which is called a 4-gang valve 12. Each valve has its respective inlet
flow passage 13, 14, 15 and 16 and is connected to an outlet flow passage 17.

The afore-mentioned 4-gang valve can be used when the vacuum
exhaustion systems for four process chambers are assembled for the
exhaustion. Any number of valves as connected can be freely for chosen for
couplement.

Effects of the Invention

In order to reduce the diameter of the vacuum exhaustion system pipings
for making the vacuum exhaustion system small-sized and lowering the costs, it
is imperative to prevent the dissociation and decomposition of the gases inside

the vacuum exhaustion system, the corrosions inside the pipings, cloggings and
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t he vacuum exhausti on system between the process
chanber and the primary punp and between the prinmary
punp and the secondary punp. Figure 6 illustrates four
of the afore-nentioned di aphragm val ve coupl ed
together, which is called a 4-gang valve 12. Each
valve has its respective inlet 15 flow passage 13,
14, 15 and 16 and is connected to an outlet flow

valvé assard feakagedNBaasdd eoyathel aeedmidading andl \wihePéndie of the
- used when the vacuum ‘exhaustion systens for four

subsBAMERS ﬁlﬂ:‘;&?e Bgl At dﬁs%%ﬁ@ﬁbﬁdaﬁ@rdé&ﬂﬁ% pESitiGH! %f' Qé’ses To

Any nu ves as connect ed e freely

actiBfE R o108 NS 1 Rl I 86009 o ARG B it
moisiyd aeriﬂ Eﬂ%s?ge t@%ﬁnrngﬁavq!%b?%ﬁﬁﬁ%‘%“@ GfPBisebi
erative to prevent the op? [ation and
dgﬁe\‘fﬁ&%‘ﬁtm@n teSPIRIrgatee by haking cAUses @ wpblem that the

exhaustion system the corrosions inside the pipings,
decamnpegitien of aases isproaoled beasusae-ticligmparatuse @ssﬁrﬂmces the

accumrul ati on and adherence of the substances produced
catalyjic elffectsi esrteiddby the methl gactinibe ivacoumoéxhpaustion system.

achi eve the ends, baking for preventing the deposition

anthe phedetn devedtionpusing thewiirhinuen pagsigatiars which isdformed in
inner wall of the pipings is indispensable. 5 However,

a rethheelyeémgr@wyearrd §t3a hywhast Nearf aihilsie tie BagitRreffiddé which
deconmposition of gases is pronoted because the

can te?nﬁgﬁ tttléetil Eéé&a@]f‘?&é&?‘nf)gﬁ %ﬁ)abf‘lvﬁhbﬁs %afs"e%t ﬁsed for the

exer e’ vacuum exhaust
semﬁﬁ@v%ﬂ“e LR SRS B P e, s
resuﬁ?%’te& POSA @&lto%r%g%te acggrtl 8|h Ickt))lrrtlpotnrfle%tc?rg apa¥t|cu(iar a valve,
suitable for reducing the diameter of the vacuum exhaustion system at a low cost
which is free from the corrosions, cloggings, leakages and the likes caused by
the accumulation of the substance produced the dissociation of gases, thereby
reducing the diameter of the pipings for making the vacuum exhaustion system
small-sized and lowering the costs.

Furthermore, by making the aluminum passivation more than 20nm in
thickness, excellent barrier effects against the underlying metal can be expected.
In addition, it is possible to appropriately choose austenitic stainless steel
containing some percent of aluminum, aluminum, aluminum alloys and the like
for the base metal, which further lowers the costs for manufacturing the valve.

It makes the exhaustion more effective and the excessively large sized

valve unnecessary to allow the valve flow passage to have the inside diameter
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10 can enhance the dissociation (deconposition) of

vari ous gases used for the sem conductor manufacturing

even at the tenperature of approx. 15090. As a

result, it is possible to provide a part or conponent,

in particular a valve, suitable for reducing the

di aneter of the vacuum exhaustion systemat a | ow cost

which is free fromthe corrosions, cloggings, |eakages
whichnsertriis the ik irathedibvbpadsagdie facmunvisebuoflowf the

substance produced the dissociation of gases, thereby

I epyRhSEndres tilh SRl Hiaphetbh Bf F}@ﬂ@@%&f@ﬁg&%itﬁé vbl@ is less

vacuum exhausti on system small-sized and | owering the

than®Cihi %fdﬂ t?%?é'&'iﬁpa J_éi%?;iidg% £54 b ;H‘ESVI&%E‘ passivation

nore than nmin  thic excell'ent barrier
2ol ROGURAT SRS inerdW 1iashiB bt of tnf A o8 € BRtes to
1503 R i b B o e R TSy v

the base netal, which further |owers the costs for

vacyyn PRAUSH sigtenhds wabiacted do farclaking. ekudber il cans: ef the
effective and the excessively large sized valve

metal iaphrage yalve, the beatiesistancecand dwrabilityaefdheliaphragm are
the inside dianeter 16 which permts the fluid in the

remaikablypiegsaged by cbating anlyitbe dispHragm wittu flubkmersoataindabresin,
i nside dianmeter of the flow passage of the valve is

thuslresglting lie thel @xended ifé 6btheavabatpact - si zed val ve can be
provided. In addition, since the flow passage part of

t h&s\@pYfined hthRel 4 ‘gﬁeséht ifvériin athielSs RREBIENE préactical
provi de the val ve which can be put to operation even
offedtt. the vacuum exhaust systemis subjected to the
aking. Further, in case of the netal diaphragm
val ve, the heat-resistance and durability of the
di aphragm are remarkably inproved by coating only the
di aphragm wi th fl uori ne-contai ned resin,
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thus resulting in the extended life of the valve. 10

As expl ai ned above, the present invention achieves

excel l ent, practical effects. 15 20 17 Wat is

claimed is : 1. A valve in a vacuum exhausti on system

whi ch conprises a body having a valve seat fornmed on

the bottom face of a val ve chanber being in

C nication wth a flowin passage and a fl ow out
Wrﬁi&@@@&iﬁal ve body permtted to rest on or nove

away fromthe afore-nentioned val ve seat, and a

driving nmeans operating to allowthe afore:nentioQFd ,
1. val /&éfag\tﬁij agacusm gxhaustion, eysiem,WhichrrompEs§s,p\Rody having a

val 5@&3{5%%@&% g]i%1 ngtbnﬂ %ngﬁ%ag@"é ThehftR? beiig APeARFhunication

or controllin 'ow ng the valve body
with @ flestin passage smdea fomodtrpassage, @ aalve bady pamitted to rest on

or TN AR HETRy the 2T TeorR VA eRRhnPBY) Be dfving means
opé’r‘éﬁhg% hifigly heeatbPEMeritRnBdnGIve b_@g? o Ofest @nUSH Miov&away from

|
passTvation on entire parts of said val ue boda; which
theceatee isaat sucladhat thiet fluid Inassege ds closed areopenad forvepnitaling the

exhaust ¢ | ai ) . .
ARG P S © TBA 0 s, Y i e valve s
whBRsSS | 363d Ivailve DodlpPisi Rffimideof @l Hititatialntomptisingi aliminium  being
al l oys and austenitic stainless steel which contains

passivaedwintghelysainiimt osideatduiing; higat Jreaimanty tormingna layer of
alumﬁﬁmpgéggééé% ?)'P\[ ééﬁ%e s of 's%'idT@Qlu'enbcglogf]‘Wﬁiéh WBR{eeimM contact

m nium passi vat | 1S not ess
with fladis20nm

2. A valve in the vacuum exhaustion system as claimed in Claim 1 wherein
materials of the members on which the aluminium passivation is applied are
aluminium, aluminium alloys and austenitic stainless steel which contains some

weight percent of aluminium.

3. A valve in the vacuum exhaustion system as claimed in Claim 1 wherein

the thickness of the aluminium passivation is not less than 20nm.

4. A valve in the vacuum exhaustion system as claimed in Claim 1 wherein
the valve body is a metal diaphragm whose fluid-contacting parts are coated with

fluorine-contained resin films.
5. A valve in the vacuum exhaustion system as claimed in Claim 1 wherein

the flow passage in the valve has the inside diameter which permits the fluids in

the flow passage to form a viscous flow.
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4. A valve in the vacuum exhausti on system as cl ai ned

in Caiml wherein the valve body is a netal

di aphragm whose fluid-contacting parts are coated with
fluorine-contained resin filns. 5. A valve in the

vacuum exhaustion systemas clainmed in Caim1 wherein
the fl ow passage in the valve has the inside dianeter
which permts the fluids in the flow passage to form

a viscous flow 18 6. A valve in the vacuum exhaustion
systemas claimed in Claim1l wherein the inside

di aneter of the flow passage is not nore than 12 mm

A b VAR SRR SEIR & R GRYTT wherein

theﬁﬂéidé%rﬂéfdr of thé fiew\dseage s AbDGoré thah t2lnwa. for a
vacuum exhaustion systemas clained in Caim4 wherein

the fluorine-contained resin filmis mde of

7. po'ﬂt\ﬁi\feaﬂ ﬂJI%rWUYIJI A ﬁ&&ims(gésg%ﬁ%% rcldcir\'léﬂrih'ﬁhﬁﬁ 1 wherein it

et hyl ene- propyl ene copo yner ,
is possibid tabeatdthblosnpassage pard irothekyadve ty 158tGer

copol ymer (PFA). 19
8. A valve for a vacuum exhaustion system as claimed in Claim 4 wherein the
fluorine-contained resin film is made of polytetrafluoroethylene resin {(PTFE),
fluorinated ethylene-propylene copolymer (FEP), or tetrafluoroethylene-

perfluoroalkyevinyl ether copolymer (PFA).
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