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11azaxa veerarer e reorre rr e riii *159159* Vval ve for
Vacuum Exhaustion System Il 11 11110 a *000002*
Field of the Invention The present invention is ““ll"l““
concerned with a valve to be used in the fluid
control device and the like in the sem conduct or
manuf acturing equi pnent. 5 Mre particularly, the

*159159*

present invention is concerned with a valve to be hl"ml
in the systemfor the exhaustion fromthe process ,ﬂ lm"mml”mm”m

charmber enpl oyélve for Masuumdprhasistion Systamnuf act uri ng. .;uue
Background of the Invention CGenerally, a gas having

Figld o thehbvieatibn r eacti vity is supplied to the process
10 chanber used in the sem conductor manufacturing

f aciThet pesent Inventiemiis gbacermed Wlitte auvalvg td e Used @s the fluid
and the |ike. Accordingly, the exhaustion systemfor

cohtté! devieeeand GRaniy in Thé esBicefdictor fhamsfactiiridy equipment.
reactivity gases in safety and with a high degree o

McE R dHiGaSHy, tﬂ@gréélé}{t‘?nvérﬂioﬁqgQ:‘d)‘?\'beﬁféoe\‘;vftﬁ %5\%]% to be used in
ex the p i t 'S

austion 'fro rocess chanber,

tnd 3YSRTR St SPGB0, PO RS Byl Fbilea i the

exhaust | on velfoc' ty (1/mn) even if the suction

seny rimany aﬁtur wever, in reality, the vacuum

exhaustion punp having a high conpression ratio is

Bagkgr iqfyfh e. Accordingly, it is necessary for
the conventional exhaustion systemfor the process
chafsnerally, e\gasd@ving high chemical reactivity is supplied to the process

chamber used in the semiconductor manufacturing facilities, the chemicals
manufacturing facilities and the like. Accordingly, the exhaustion system for the
process chamber is required to exhaust high reactivity gases in safety and with a
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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20 problens, one that the gas is to be exhausted with
a high degree of efficiency wusing a punp having a
relatively | ow conpression ratio, and the other that
the overload on the punp is to be avoi ded by keeping
smal | the pressure difference between the primary
side and the secondary side of the exhaustion system
To solve the two problens, the diameter of the

pi pi ngs for the exhaustion is made 1 IargleC (a nom na

large daehQing! digspetex Of #pPrahek inches) Rathahbiecepnrluaianie:of the

of the pipe passage is great. For the sane reason,
pinenpassageds igieatng Far the game raa@o@rtheuvglmlmwy@a |largeediameter
fluid flowis classified into two regions, a viscous
is éiployedgi on and a 5 nolecular flow region in regard
to the relationship between the pressure and the

i nsiThe filliamewers classified intowweassgiass, alviscoudlflow region and a

efficient exhaustion, it is required that the

mAEEAESHOW 'Pe@i%nciﬁ’ 'Fé’g’érbqg thé rélﬁﬂoﬂérﬁﬁ Béﬁwéérptﬁer Jﬁﬁbé’uﬁe aid the
achi eve the viscous flow region, the inside dianeter

'"%’i%ﬁ"?‘?%%"ﬁ‘é?ﬁé?ﬁgﬁgagﬁigﬁi‘é,&%ﬁ g1 SHHERRE < Qsﬁé‘i"d" itis

redlif i, f ntsﬂﬁaaéhtpﬂ BEoadifleed 1hyy @?Wlx'sﬁgﬁ%wm&%&%" To

ac{s'fme@%t?'ﬁémg}{ Dok Fesiar resﬁ}%@j%?@%ﬂét%g t ﬁ'\eoﬁg\”t aassage
the viscous flow region inside the pipings is sh

shaulg\re L 5P (wheverdy the eeas fsee path of wolw&mm theeinside
path L can be made snaller with the result that 15 the
dlanm@tedef tiecflooy passagsf). t Rertbeptiere axistatharelationship,scous
flow region can be made small. However, as stated

L=4/98%40~ 3/R)c dbetheers theymeandred pamrl:pammmeapressure P.
conparatively small conpression ration (approx. 10),

ch sOar o Gut Bt arae! Bor Canpl . When Lhe. Bt eecure "
thePWNiscous 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 10~ Torr , the discharge outlet side
pressure becomes as low as approx. 1072 Torr. This means that the pipings
having the inside diameter of 5cm 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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20 the chanber side (the primary side) is 10-:' Torr
the discharge outlet side pressure becones as |ow as
approx. 10-2 Torr. This nmeans that the pipings having
the inside dianmeter of 5cmor larger is required to
attain the viscous flow region with nore certainty.
As a result, with the conventional vacuum exhausti on
system there is a 2 problemthat since the piping
stenlhaV|n a |arge diameter has been required, the
P"P&SN theysinge g pBINgG %Ysé@ml havipg alarge lamgle hegrgrequired,
ime, there is another problemthat since a |arger
the fagility igifareaceto be large Vmsinem dtpthegsamettime, haretis another
in a larger volune inside the pipings, it takes a |ong
problem that since aslacgeninsSidexdiametermf thévactemmipiag syistem results
is another problemthat to conduct an efficient

in exlerget ivelurhe iasigbothie bipimgsyi it takdes s tarld timez éor Ve vaicuum
exhaustion system an expensive, high-performnce

exMéﬁstiUﬁ P FiRtHeAmbRe] tﬁe}eﬁfs%cﬁﬁépﬁmrﬁ Rhatol ondiet af efficient
hi gh exhaustion velocity is needed. On the other hand,

enlh s (RS S i B S 3RSEURI fstom, an
oG ﬁﬁ?p%ﬁoﬂféﬁﬁaf%%wéﬂ*‘:kﬁﬂﬁ@ Bl ke Bposengn
and 05 reBaChIRBRNES Mdhdedioconposi 1 on | nsi e ?he

pi pings. Part| cul arlrx]/ when the substances, water

moi Srufhe piheehaed, Wiin the vapg%ra&%ﬁ%noransyat&gesthemﬁp&'atlon

the pipings accunul ate 15 and adhere on the inside
(degamposiion)if gasesrigtained inside the ipinings oceurst wher the vacuum
val ves, not only the afore-nentioned corrosion

puppols eut bfioperationt for @ llonyitings thos cealsing theeaorrosions of the
| eakages occur. If the piping systemis heated, the

pipingX REuRings ifften t i GSreEPRaBOS @ﬂdsdlis@anddsk@rbduced by the

reduced because there wll be | ess chance of water and
deB&PbAii6n 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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20 adherence along with the tenperature rise. However,
if the tenperature is raised inside the pipings, the
di ssoci ation (deconposition) of gases is caused such
that the substances produced by the deconposition
deposit and accunul ate inside the pipings, causing the
corrosions, cloggings and val ve seat | eakages. 3
oj ect of the Invention It is a primary object of the
present invention to provide a valve which nmakes it
0] f | uce the dianeter of the vacuum
exhaustion pipings for making the facility for the
It is=e primasy ohject iob thes peasent invention ite iovide weyalvie witieh makes it
costs, and 5 maki ng the vacuum exhaustion tinme short,
posa'm)leitosmdwbé the dmameterofkthe vacaundexdmaustian pipingsifor making the
deconposi tion of gases, and the occurrence of

faciityr fop itifd Yacumogdiaigtion dydterdisrrallssizéd,| loaering thensdsts; and
t he pi ping system caused by the accunul ati on of the

maIRG HAB C@fcuin® Exhadstih ke %'h%&ocdn@t bR Whichasss - prevent the
Di scl osure of the Invention 10 Generally, a gas having

dlggjo%!éoﬁheﬁ?\& giec'b |t}6nt Bf g%aypaha el Qcé ﬁerril%%;’&eﬁﬁrrosmns,

use sem c uct or manu

C'qg"i‘air'as'ﬁ' driE vatR° ?ﬁ%aiqaﬁaﬁgiaééﬁaqﬁ BBV lem, cappeg by the

m for,_.the rocess e U|red t 0 exhaust
309% Fﬁ'@ﬁ ofdhe suh f@?"‘@%?&‘r iatign ¢f gaskSgh
.degree of efficiency. 15 The p|p|ng systemin the
I Vv facturing facilities normally

conprises a systemto supply a gas to the process

cha@aneraliyha gasdvaving highashtesnicak reactivitylia suprlirdte therprocess

system the vacuum punp, the valves and the Ilike. A
chaimbenlusty infthe sentcarductominapefacturng faeiliiesackedrnical products

i.e., a primary punp (the high vacuumtype punp)
maniFa@ulifg faciiRS sidihe Ikkt eACCBbRIiGdIthelexhalstich system for the
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 5cm or more is

employed for the pipings in the exhaustion system.
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20 secondary punp (the | ow vacuum type punp) installed

on the secondary side of the afore-nentioned prinmary

punp. A turbo nol ecular punp (TMP) is used for the

hi gh vacuum type punp, while a scroll type punp is

used for the | ow vacuum punp. Also, as stated above,

t he pipings having a dianeter of S5cmor nore is

enpl oyed for the pipings in the exhaustion system 4

In recent years, however, the punp having a high -

per fIBWﬁ%ﬁmge@aqadquwey,,theaumgevmg @ahigh pertermaaceasapability,

achi eves a high conpression ratio of approx. 103 - 104
ortapecifisally theven@pihich athievesa highueomprasssan tatio efapprox. 10° -

i ncrease the discharge side pressure of the primary
105uhgs beermdevelape®0- BhlSdias mads it\bessibledoiinsiedse he discharge

pressure of the process chanber is around 10-3 Torr.

sich pRESBURE oY thd Brifiry Ui ® appRXPBOSE0TET @ReAI Whém $h@inside
t he process chanber” and the vacuum exhaustion system

pré§§uré%?Erf@p@céﬁbﬁém%_ﬁ[)[s'ﬁo%ﬁﬁ oD A%o%ﬁgllyéﬁ?hgtimizing

such that 1t is possible to supfim ently sec
[ f : [ i o] A :
th¥ (268 e COHIMGTR BT 1% prodetS ShahBER e By B ghaustion
rox. O.5cm, 10 Ho er,.i.n the event that the -

syp{elt eI Hiametet T 10 pipifgs ¢Ap; &e Maads SallSugh fhap it is

thﬁ!ﬁJMt@{q“ i sture and .gases condense jn the, yvacuum,
POSKILLE B C'egglﬁtséﬁﬂ"zﬂw e dperys flewiragionquith the RipINgEhRYINg a

i f the condensation and adherence of water, noisture
smallinsidesijamptersior instanca,ea inside dimmatar of @pprox. Oxgem.

di ssoci ati on (deconposition) of gases retained and

t r dftgweevarnin the eventpihpt thyes préssore fie irceasad as quechp there is a

out of operation may occur with the result that the

possibiiitya it svatef, aflois@steland Hasek ssndemsd mnthdevastium axAaustion
accumrmul ate i nside the pipings and the piping parts of

systefh ¥Rd BBheANSIdBINE MIRGE." AV tHRd coitferiBatiBh aMdSadherence
cloggings and valve 'seal |eakages. Hence, it is
of PJ%?&S ﬁﬁ&u?é’cé‘t?see[?j by'fhd S6t' fEsQirelrite & Rb1GccitSineRissociation
owert an

(decomposition) of gases retained and trapped inside the pipings when the
vacuum pump is out of operation may occur with the result that the substances
produced by the dissociation deposit and accumulate 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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20 the saturated vapor pressure of gases, water or

noi sture. Wth the vacuum exhaustion system the

heating is normally 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 nnls ure and g s to 5.occur wt .
ocEypwitdl reruibihat e Rk Brouiene ahibe carrayians and the flce is

corrosions and the like is_ reduced. Accardingly
reducegdy oiecordingly, aesﬁs rkaswe itgs rdgsirablento f@ﬁeéhettemeefasure to

approx. 1500C, taking the kinds of the conponents of
apprex. d&9o °G riaking theekindscofithe companentsaf thesgasinsigiedthe vacuum

consi deration. 5 However, as nentioned above, the
exgasstk)resysteihsiﬂmckca‘tsmmmm the tenperature rises.

Her e cones anot her problemthat the substances

pr otHewmesler,Drust ArRntbR6E Cabitvethdegasdd ap8 @iBSociatedr whea the
the inside of the pi pings, thus resulting in the

terﬁﬁéfa‘ﬁﬂeq{b%s ' tI-Iéré dﬁﬂ%aﬁ&tﬁér P%I%Qﬁ&rtﬁ%@db@fb@ﬁes produced

di ssoci ati on deconp05|t|on O caused by t

bycﬁ‘\Faa% 6(%@&5 o‘e@o %ﬁh SAREB R ﬁ{sm;]@%f tAg erﬂﬁlngs thus

nventors o
i nventi.on have therefore | ooked into the naterlals

re?“#éﬂ%\'” tc&rrogfngs of the pipings, the gas tenperature
and the dissgci atl on_(deconposi of )
regilr 8 Kkpovwar thatsthe ﬁé@'ed'f‘ea&'&‘} %lﬁﬁﬂﬂ% ;S%E%@Pq’ﬁﬁt'on) IS
t he seni conductor manufacturing field as shown in

capses by the catplytieeaction| ofystatal eempaeents| oft trman@aw of the
the tenmperature and the dissociation (deconposition)

pipiigsvari ous gases in the case of Ni. It is shown that

t he gases which are 100ppm at the roomtenperature are
decThpdagehtans of itiesl uresentninvésticrohaee thadrefore aldokéé into the

tenperature rises.
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
dissociation (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 150°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 effects.
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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 1500C. 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

cat N ffects., Particul arl t he val ve has ,npre
car JeartBafiyn e, Faive ik, ienbinauires Al Aleds WiERe the gas
RSt I haped B Pendhireomic Bt iy viah fasuard Shere the

locally and partially. In addition, with the valves, _
pressuie gnd temperaligevare ehangedslocally andr prrtialy. urte asditione with

trapped gas. 5 Further, l|large inside surface areas
therivglvesgavargehinsidd velume resutts i laalacgs voluméaf threg trapped gas.

corrosions, cloggings and val ve seat |eakages caused

Fusthet,hiargel dpside t Supfacendreadh@ightcgiveftheheal gl s Iatnefe shances of
produced by the dissociation of the gas. The

ha@vmgevfﬁ@_r@orf&siéﬂi@lgbggmgg bﬁ&%lb@r‘séﬁV%&i‘kﬁgég_é‘adﬁd ®y the

inhibiting the gas di ssoci ati on (deconposition)

BB o A0 B4 A9 LB of

a?f t he substances produced by the dissociation where
9%he net al parts such as the inner walls of the

pi ptngs. which cpptact the flujld are pass|vated sp. that
the TERIRVERIOES GEhespresentiprention heva o, s WaweBinhibigng the
t he di ssoci ation and deconposition of the gas. 15 It

gap Slissasigtianslecampositions asd dueventing Hie gorresions, Aloggings and
filmon the surface, thus making it passivated.

valMeaeat leaksigescaused hytthe aleppsitionrantl adharence pf the substances
contains ferrous oxide, the filmhas a problemin

produyeddyt thetdissaniatiomsivbere the shetabparts sgctvas theximnehwalls of the

function of the passivity film There exist various
pigingee®hith e@Ractvivel fild \Wé Passivhidd So that tHiesRalyié betion 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 inhibit 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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20 (deconposition) of gases nearly perfectly with no

catal ytic 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 passivation) and the passivity with

mai nly A1203 (al um num passivation) are preferable. In

the case of the chroniun1passivity, as illustrated in

ure 3, r ist 7 s which start t
aae8 e st HeCoesPnos e P dh Hinandd el doen 150G 1tis
ufficient in sone cases hat the. dec osi tion .

sufficient inssomR; eAsesythad the Coc%%q‘sét@" \r&ﬁsﬁ IS 'f‘h%%d to this

been | earned that the alum num passivation is nore
degige.abiewewer, ithhas beenée@r@@drmagtha alnynugapassivation is more

tenperature rises further. 5 As illustrated in Figure
suitablette inhibititinel deparmposition of gdses when teimpevatureerises further.

deconposition of gases to occur up to approx. 1500C.

The A llastrated ipREiuYa Y, dhe ialuhiniutn passivation doesvdthallow the

mai nly A1203 (alum na). The al um num passi vati on can

de@@nfﬁé"slf%ﬂ RY Gasesmrb heseurnuphis Nafdiex. asodat.i o“l’he alumlnum

heating or a Conbi nation of the both is applied on

pa§ﬁ|§/£\ﬁ8ﬁ hIS vﬁ%ﬁﬁ"o‘ﬁ%@ﬁf? i ?:ﬁl]ﬁb%géluﬁhﬁﬂla” y by

the oxi ating‘or a

sui t aé’uﬂﬂr% i vabieh. bin A8 KirifsC By 16 ®§¥f{9%ﬁfn Rhigh the
oxfayBh. BRA0NS (op ComBIRRYRT L dfe A Aplsgeo8 iR Siwtace o
al um num al l oys and the like is forned béttﬁgat n

al BB Iasie Rarts: SaiTsiathep: thesmetotwouhiehithe exidsiion, heating

needed, and then, the passivation is applied by
or oRi mmnatuomeaf i thg doth i®nbpplied oon othe heurfatenh. of suitable
Metal materials which constitute a base material of
alunmiauratortaiing rafibys |sucht asl dlemidumm allogs cindaltharilikeymor by the
all oys containing mainly almnum For exanple,

methed Eifi (vhichs il Nhpsrs of t RAtabd Hl@hHURY cOAEMING! dllYys such as
percent (3-8% of

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



10

15

20

20 al um num can be used because it is confirnmed that

t he al um num passivaion film containing nmainly Al 203
can be fornmed on the outer surface of the base
material by applying the heat treatnment. According to
the present invention, the dissociation
(deconposition) of gases caused by the tenperature
rise at the time of baking can be inhibited by

£ or i 1 h | um num sivation_on e 8 . .

YPEPABEnG et SRR BT 0 BRIALP o 1% Valre gr the like yped in
the valve or the |ike used in the vacu xhaust on

the LR Sxbeushon mtem. Jds Brkngdt pessblf & REopde e part
whi ch al |l ow the dianeter of the pipings in the vacuum

which allewithe digraetanaf dhe @ipiagsin thww%@ﬁxhewtm ystem to be
provi de the val ve which prevent the corrosions, 5

smealb gyorey particulary steanrolvékugaayabm which |reventc thes egrogions,
t he substances produced by the deconposition. It is

clagyirigs, valvet sest lddkagek amdithenlikes sawsed oynthecsubastanoes produced
A1203 or containing mainly Al1203 is a preferred

byahb e@oim Tp@,@ﬂ@invity in order to prevent the catalytic
action o he netal surface and inprove the

dur giid | gonfired T iRatPiss eal |ﬁWrﬁng)hQ§iv§l$ﬁ|eb€cﬁﬂaﬁhf§‘WQO3 or

through the afore- nentlone process. present

cohféYr’ﬁH 'n‘?é\niy‘%lgbg lénﬁ i)\l/’éfeln%tdealﬁmﬁrﬁjrﬁ g\ét@&y@)( W%Hér to prevent the

ses ng a valve's

ca%‘fﬁi? SReoR P st Clal T A o Bl e ot ”“””;‘3321 ve
bod;i, all owed to rest on and nove avvatvﬂq
af orl @enRrasesh davantiopehas Reen, prpated gheguabh; Fhf ﬁé‘%rﬁsme"t'oned

operating to allow the afore-nentioned val ve bod

Preaess. o herpresenteinyention inGilaime1 velates toeatvaiver whi ccmgprlses
or opening the flow passage so that ™ fluid flowis

a hagiyt havting d vaive séat formed lonrthe bottoas faceaafiaovalve chppibiesdbeing
at least on the surfaces of the body which cone in

in comnasticationhwith @& flow-id paspags ant d flowsdut passagé] aivalvié body
relates to a valve as claimed Caim1l

allowed to 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 steel 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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20 wherein materials of the nenbers on which the

al um num passivation is applied are alum num

al umi num al | oys or austenitic stainless steel which

contai ns sonme weight percent of alum num The present

invention Claim3 relates to a valve as clained in

Caiml wherein the alum num passivation is applied

on the entire parts of the valve body 9 which conme in

contact with, flui.ds, .The present invention in Claim4
wiigh 5o8e D SoRtaat W Bdss o e I n Claim wherein t he

thi ckness of the alum num passivation is not |ess than .

20nmherpesgpkkwgntion ji flaighd irplatesatone yajve as elaimgd4n Claim1

valve as claimed in Claims 1 5 to 4 inclusive wherein
wherteindherthicknesmekihealuminung pagsivaliemismohlesssthan 20nm.

containing mainly Al1203. The present invention in

G aiTrhedpreséat iagentiorainv@laim Saelatesitoracdvalve &3 elaiméd in Claims 1

wherein the valve body is a netal diaphragmval ve body
towhdaelubivell WherglANthac hiunsin@R bassivaticiPas afleValufiAum passivity

fluorine-contained resin film 10 The present

cohfiSIREIRAinivaISO3i m 7 relates to a valve as clainmed in
d ai mbl V\A)\Qor‘ein the fl ow passage in the valve has the

S BB et Iy BRI hleS 0'd Y418 s bled i aim

passag rma viscous f i'nven
in_d ai relates .to_a valve.as clained i ajm | .
whghelft, Vol ROd2 i anmelal” Gietiraoh) JgaBotlyewihse nfuids-
valyve i s not nore than 5 12mm The present invention
COP%‘ aiPRrts arecoated with 2 ring-cantaingd ﬁ%%!ni?'llf“cl aiml
wherein it is possible to heat the flow passage part
t o Thequesamidnyertiomin Clairont relatesto @ valve as glaimadein €laim 1
a valve as clainmed in Caim6 wherein the
whiereiorthe dloaopassagedn ites valveiHas therinsida diargetdnavhieth permits the
body i s made of
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 valve 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

10
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20 polytetrafl uoroethylene resin (PTFE), fluorinated
et hyl ene-propyle ne copolynmer (FEP), or
tetrafl uoroet hyl ei ne- perfl uoroal kyl evi nyl et her
copol ymer (PFA). Brief Descrir)tion of the Draw ngs
Figure | illustrates the relation between the
tenperature and the deconposition of various gases
used for the sem conductor manufacturing in the 10
c caseft'\@f Ni. Figure 2 illustrates the relation between
PR perature and the deconposition of various

gas used for the sem conductor, manufacturing in the

Oos Fiairesdsiliatiates Hig, FOabon | beaaeh 4GS, lampaplieodnd the

bet ween, tenperature and the deconposition of various,
degaBwesiiivapivarious gasesHsemhinrdhe semisandustarmanufagturing in the

case of the chrom um passivation. Figure 4 illustrates
casaof S&S31Gn bet ween tenperature and the

deconposition of various gases used for sem conductor

mantFigureur3 ndlustratése tHeD redatiorof betweearl utempenature and the
passivation. Figure 5 is a vertical sectional view of

decbmposltiod GFsRAbUS BEséPusEEfAMRSE 88micdntieiriradnufattiving in the
6 illustrates another valve (a 4-gang val ve) according

ca%g)otfhféc% ﬁHpéé&Y\fdﬁbh?n- (a) is its plan view and

is Its front view 15 List of Reference Nunerals

1 apyalge 2 hfdles thell ARG béndbdH | YiiGerMRABS and  the

decomposition of various gases used for semiconductor manufacturing in the
case of the aluminum passivation.

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

a body

a diaphragm

a driving means

a flow-in passage

o o A~ WN

a flow-out passage
7 avalve chamber
8 avalve seat

12 a4-gang valve

11




10

16

20

20 5 a flowin passage 6 a flowout passage 7 a

val ve chanber- 8 a valve seat 12 a 4-gang valve 11 13
a flowin passage 14 a flow out passage 15 a flowin
passage 16 a flowin passage 5 17 a fl ow out passage
Best Mbde of Carrying Qut the Invention The enbodi nent
i n accordance with the present invention is described
hereunder with reference to the drawings. Figure 5is
a Vﬁ (o c;ﬂl sectional view of the valve in accordance
wi t Hot hd Odeé)raé§@ﬂ‘? i nvention, which is a type of
valve called a netal diaphragmvalve. A major part of
t he et 3floWrenass§Ae%al ve 1 conprises a body 2, a
metal di aphragm 3 and a driving neans 4. The body 2 is
pr ovPded flgtin passagee seat 8 which is formed on the
bottom face of a valve chanber 7 in comunication

wi t 16a & flow-inpasasgage 5 and a 15 fl ow out passage 6.
The body 2 is nmade of al um num al um num all oys and

t he 1I7i ka flowkeutipadgagei s further provided with a
concave-shaped val ve chanber 7 opened in the upward

Bedt Meslel SFCardying Qlitithe RAEPEBR > openi ng downward and
being 1n comnmunicatron wth the valve chanber 7, a

b ation | mber 7, a
comei emPPETRIR I} RRBRAe WRATHE roge ikl B desqribed

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 major 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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20 made of synthetic resin and the Iike and fitted
into and secured to the center of the bottom face of
the val ve chanber 7, and a step part 9 fornmed in the
peri phery of the bottom face of the val ve chanber 7.
Both the flowin passage 5 and flow out passage 6 are
shaped circular in its cross section. The netal

di aphragm 3 is nmounted in the body 2 to nake the valve

ch&:%bePar”Bﬁft{g?\ta' Thé 'rﬂ@fai dTéV"ngBﬁ\ab \%itﬁﬁgg' I%gﬂﬁ- eﬁ{%c;{ 'I#pbﬁding

enter expandi I's forne

up@%ﬁ(ﬁ% fgf'rg%gllq# élsﬁ gg?()e q(?f orgag lc?ﬁqg c%forlgrgﬁlgl tQPn ﬁ“: etal plate

unt on t st art of .the
&8 skin2gs cfee”, & pBftaberah Pertds Fyoul ?%wertﬁ@ﬁaerbaﬁft i the
a bonnet 10 5 |nserted into the val ve chanber 7 and
bodyArnd if preasedsagaingidhe stempan Sdyy 2 loweicend Ratt of ﬁ*ebonnet 10
metal diaphragm 3 is secured air-tightly. The center
inspred info theevatye shanibepr angnasbonnedinubiddsarewed san the body 2
and nove away fromthe valve seat 8 to close and open

sughthat they metdlldiagtraget 3 idsegured dirttighitlyy shaped and
inserted into the valve chanber 7 10 of the body 2 is

Pr eThE CenfiripHt of the rAEEY diaphragPes I8 Sifbvidd td aist ORi 41 move

the bonnet nut 11. The driving neans 4 which is of

awh{ frofd) Wésfaapgt@bﬂoe Zk?p%é%@val\% aphragm 3 to

rest on e val ve seat oreturn of itself to

segﬂé'bg?ﬁgi ?%é?g’% %ﬁ%@‘%@ nd f¥erddid ﬂ‘%p‘é’";"éé( Chamber 7
of atal % 5 s el . BARERE pock 2 oy S TRl 15 g Titifo the bonnet

o ety SRR oo B pbRclIc e meta
dlagﬁggsm gﬁc; ?&13&% 33%2%@% rr]aenggilfou Tﬁiﬂ chnT ggtlatgglf % the original
shape for moving away from the valve seat 8.

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.

13
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20 Al so, the passivation can be applied on the

al um numor alumnumalloy |ayer which is forned by
plating or coating on the surface of stainless stee
or other special netals. Furthernore, although the
pneumatic type driving neans 4 is enployed in the
above exanple, the driving neans 4 need not be of the
pneunatic type. 13 For exanple, a nmanual type one, an

el ectromagnet i pe one | ectri e ne
Fof,sapA. MippebeBcarp i SfsTofeaneli tilkions; g Sloctic type
al t hou h the di aphragm val ve is errpl oyed in the above
ongx@ingl Bydralie tyRs ane 6an\he wapipyed desteado. Also, raltheugh the
af ore-nmenti oned enbodi nent, the explanati on was given
diaphsagmngive ﬁaﬁmplnae@amyh@ab@vmmpfe atheri types of valwe will do
all oy containing mainly alum num However, austenitic
toxst ai nl ess steel containing sone wei ght percent (3-8
wei ght percent) of alum num can be used for the body.

I't Irsthecafora-memtibhed embodiment, tRE explanatidimivgls given assuming
containing mainly A1203 can 10 be forned on the

thtt thé ety s id RacRDEY BIURALITOBE tn Y CBritiir Ay Shuminum.
st eel COﬂt al ni ng sone percent of alum num i f

HoWeVBE 'dubtdiffid st rﬂg$§ dteefcShtai é Qofg{jb%@lg‘ﬁ %Hf@nt (3~8 weight

passi vat | on, any um num OXI

for can be enpl oyed, not

pe%ﬁ‘ﬂt"éﬂf@'@ﬁé (Rt F%w@%d YAl 203. 15 Furt hermore,

t he  nost i ck e al umi pum

pasti GOt @ﬁaiapﬂ F 58 250 hieth O taimimg maigly;Al203 can

feared if the thickness is | ess than 20nm while the
be Hogred st $he surlageneihthe bopa Jeentienash aystenitic étamless steel

drawback and the nmechanical strength of the al um num
containing semerparegntai @wminupn,dbproperly heattreatedckness i s

nore than 200nm

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.

14
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20 In addition, in the afore-nentioned enbodi nent, the
al um num passivation is directly forned on the

di aphragm 3 which is a part of the nmetal diaphragm
val ve 1. However, since the netal diaphragmis
repeatedly bent to rest on and nove away fromthe

val ve seat 8, the al um num passivation may be
nechanically damaged. 14 Accordingly, a filmof the

| SR BT, 2B e daidfen (un’ 9 B, (
regg%t%qc&ra L%XLSQ&;,E@%%#QW.@% ethylene-propylene copolymer,

tetrafl uoroet hyl ene- per f | uor oal kyl evi nyl et her
PTE6pol ymer and Poivtetrafiloreelhylsae 5 f or iR8INon t he ARdwer
face of the netal diaphragm 3 which contacts the
tettaflyoratthylenbiperilsorbalkylevinylateer Icopolyneerc andatheedikepgiam be
filmis elastic enough to withstand the repeated
fortyeaidom ¢he lowédrefadeagfithagnetdl diaphragm 3 avhicteicehtacty theehdquids.

the <catalytic action of nmetals which causes the

Thidi |§9&<da@béQﬁe FBrifecoOnpAfed irédinFlim i9ad8stic RcudH &P witABtand
wi t hstand hi gh tenperature of approx. 150C adequately.

thelg%aé?e&f%rﬁf Y %egla‘il)'h agmaKa! ¢h Q:forﬁlfh@te ly prevent the

nent rrpl oye e vacuum exh
ca%m%eieﬁ@’ﬁ %\eﬁ'@éﬂgt tﬁ{:lg ﬁ%?? q@%@ﬁiso%%qphhggcg dgﬁ@é\?{)osmon of
gagesaaﬁ\ﬂa?d Y van valhskigl figh Erpatat® of ahnrax GG Aadusicly.

gang val ve 12. Each valve has its respective inlet
15 fhewrferasmgptioned diaphragm yalyeief @ﬁ@mgo‘é'mﬁ'i‘é& empleyed in
an outlet flow passage 17. The afore-nentioned ang.
theyvacusine £xhaustinnesysteanbetweendbeprocess sbamben ag;‘st%@ ragfimary
for four process chanbers are assenbled for the
pumplendshbetveenthg prinndrg punip and Wes sescondameumgd can be

freely for chosen for coupl enent.

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

15
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20 Effects of the Invention In order to reduce the

di aneter of the vacuum exhausti on system pi pings for
maki ng the vacuum exhaustion system snall -sized and

| owering the costs, it is inperative to prevent the
di ssoci ati on and deconposition of the gases inside

t he vacuum exhaustion system the corrosions inside

t he pipings, cloggings and 15 val ve seat | eakages

val§R 54, kbt GalRR 7oy MeCREedNRINER, Bl abRErence of the
supRRIRC pendtrs PHE o lePEIRURR R SpreruRDn Sfededes. To
nmoi sture and gases on the inner wall of the pipings is

achigye HrR8d8Y aking feyrrgxentinththe depesitign,ad adberasice of water,
baki ng causes a problemthat the deconposition of
maigiuessand gpsesron dae innea vl afibe pipipes istindispensable.
enhances the catalytic effects exerted by the netal

par Hoimevehetheatamperatiraudse dy bakingncalbes @ esebiéem that the
i nvention, using the al um num passivation which is

detsmpssitibm of gased Rtpremioted bebdseVhe tampbeitufe HoaveAnahces the
can inhibit the catalytic effects which 10 can

cat@iyfid R ctd WxeHFOF tHd gt &gﬁqﬁ RO hEU AR exPhu¥fion SYstem.

gases used for the sem conductor manufacturing even at

t h%ﬁ%{ﬁg&%ag&‘#ﬁfen% n?88hgthe émﬁunﬁﬁaﬁi\{ét%%ﬁicp:i% Ec}rg}ed in

possSI provide'a part or conpone I'n par
Lal ve, ujtabl e for reducjng the.di aneter, of e .
a Bt sirnlk el s 5E S5 5L el ABi A& GtRN o elBBiswhicn
fromthe corrosiqgns, cloggings, |eakages and the |ikes
carz;&Jn?@acwﬁﬁsdlﬁw@mﬁ%%%mﬁmnhﬂ V%ﬂ%‘éﬁ gases used for the
produced the di ssociation of ggses, t hereby reducing
semigendvetes maanufacturiag sivenraj she demperatuee ehappraxutb0C. As a
exhaustion system snall-sized and | owering the costs.
resHliy ithisr possiblebyo nprbividg ahparhl amcoonpopeasti inapadiculasr 2 valve,
than 20nmin thickness, excellent barrier effects
suitapie fog redincing tiskediayieter ofthe lvacanmbexheigtich egstem 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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20 In addition, it is possible to appropriately choose
austenitic stainless steel containing sone percent of
al um num al um num alum num alloys and the Iike for
t he base netal, which further |owers the costs for
manufacturing the valve. It nakes the exhaustion nore
effective and the excessively large sized valve
unnecessary to allow the valve fl ow passage to have

whiEopTis e T e b Bisheferhm® MRl tbg, o e
R R, e i b BETRER Bl BN e o

rovi ded. | ddition, since the flow passage part of
tha, L2 such el Beampact sided Vaive carbe RrbYidedoss  bi e ¢ o
provi de the val ve which can be put to operation even
i f tmaddiligpusincextheuiew passageipart gbjle (valve: ean e heated to
baki ng. Further, in case of the netal diaphragm
1501 ,\itds poksiblectat proeisietha valyeawtichl gaathiel putyo opetdtion even if the
di aphragm are remarkably inproved by coating only the
vaclium hexdgustvsysteihh U rsubfecteth taithe dakdreg.n, Furtiiers in case of the
resulting in the extended Iife of the valve. 10 As

metrdiapegnabane, t@ﬁeﬁ@%&tﬁnde‘“dﬁ‘ﬁh%ilﬂ%ﬂfQN;@%ﬁaphragm are
excel l ent, practical effects. 15 20 17 at is

S Y BRI o
B BV B AT 208 ) o
o CCHEACRCR- TR AT RN R

effects.
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driving neans operating to allow the afore-nentioned
val ve body to rest on or nove away fromthe val ve
seat such that the fluid passage is closed or opened
for controlling the fluid by allow ng the val ve body
to rest on and nove away from the valve seat wherein
the al um num passivation is applied at |east on the
10 surfaces of the body which come in contact with

' .A valve in the vacuum exhausti on system as
ngti% fd‘r%gnéﬂ '%I aiml wherein materials of the menbers
0 ich the al um num passi vation is applied are .
1. SANAE th Bl e sy ebich; Atiplses 4 tbay having a
steel whjch contains sone weight percent of alum num

valyg sealy foamed ion tthe @Qggﬁmf@ﬁﬂaegt?oﬂa%t(‘é\ﬂ‘&er being in
claimed in Caim1l wherein the al um num passivation

comgnunigationdwith a Hleweint passager and & floweoutapassagedp valve tbody
come in contact with fluids. 4. A valve in the vacuum

permittadtbirest oy oiranvwas ankagifrer the afdre-mehtiohed ealvetdeat, and a
t hi ckness of the al um num passivation is not |ess than

driviRgtheadfls Bperatingl teCaliow the afcreLinsntiorerl galve bodlyStoer@sedn or
claimted in dains 1, CCaim2, daim3or Caimé4

md%eéﬁéffrbﬁﬁth@ VIS SEBPARH that il %é&%a@% q@k@é@d or gpened

passi Vati on which contains nainly Al valve 1I'n

for CHRARY A0 RUAHPAIAllng 74 5408 ol 8 difd Al by from

met a hr agm
flul d-contagtin arts are coated with 18 .
the: VeliF skt BRPIRIR B8, UMy, BRSSVAtIoR (3, AbRlisd, 4t fgast on the
vacuum exhausti ogn systemas clained in Claim1 wherein
surfages qfjthe/bedy ydyjeh camenp cpatast Wihfluide i nsi de di anet er
which permts the fluids in the flow passage to form
2. aAwale irs the yacugmgexhausiipnesystemias elednachiax@lainti wiherein
systemas clained in Claim1l wherein the
materials of the members on which the aluminum passivation is applied are
aluminum, aluminum alloys and austenitic stainless steel which contains some
weight percent of aluminum.
3. Avalve in the vacuum exhaustion system as claimed in Claim 1 wherein the
aluminum passivation is applied on the entire parts of the valve body which
come in contact with fluids.
4. Avalve in the vacuum exhaustion system as claimed in Claim 1 wherein the
thickness of the aluminum passivation is not less than 20nm.
5. Avalve in the vacuum exhaustion system as claimed in Claims 1, Claim 2,
Claim 3 or Claim 4 wherein the aluminum passivation is the aluminum
passivation which contains mainly Al203.

6. Avalve 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
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i nside dianmeter of the flow passage in the valve is
not nore than 12nm 9. A valve in the vacuum
exhaustion systemas clained in daiml wherein it is
possible to heat the fl ow passage part in the valve
tol 50C. 10. A valve for a vacuum exhaustion system as
claimed in Caim6 wherein the 10 fl uorine-contained
resin filmis made of polytetrafl uoroethylene resin

rubAERngd BEIRGE, oLy cne, Py ene copel yer

7. S VHive PPRNER uuht ExRaustidn2ystom 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.

8. Avalve in the vacuum exhaustion system as claimed in Claim 1 wherein the
inside diameter of the flow passage in the valve is not more than 12mm.

9. Avalve in the vacuum exhaustion system as claimed in Claim 1 wherein it is
possible to heat the flow passage part in the valve t0150°C.

10. A valve for a vacuum exhaustion system as claimed in Claim 6 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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