1 - SPECI FI CATI ON VALVE UNI T AND HEAT TREATMENT SYSTEM 5 10 TECHNI CAL FI ELD
The present invention relates to a heat treatnent system and nore
particularly to a valve unit suitably used in an exhaust system of the
~heat treatnment system and a heat treatnmdnt system i ncluding the valve
uni t. BACKGROUNG ART | n manufacturing of a sem conductor device, a heat

treatnent systemis used for performn I}gﬁ reat ment such as a CVD
(Chem cal Vapor Deposition) treat né%ﬁg bcliss 15 object such as a

sem conductor wafer. The heat treatnment systemincludes a heat treatnent
furnace for containin fer h I n, or supplying a
gas such as a procesg/%égi@l}lﬁt‘ﬁésnglﬁﬁ\aq %@%’ﬁﬂﬁg'ﬁﬁﬁﬁ%nd an exhaust
system for sucking the interior of the heat treatnent furnace to 20 create

an at rmspgere of a reduced pr essu#ﬁ?"—'llﬁT%iclﬁlaélLﬁg t he heat treatnent
rns cne%

f ur nace, so-cal l ed sl ow vacuum'Rg! di scharge rate i s kept

low is carried out Tale ppasénf liNvepsoHY8htelcale a heagteeatirmemr systeim,
rai sing particles. hi s end, the exhaust, s ste'rérils configured, as shown

To th t .. SYS f
in Fig. 6. Tﬁ@%@%ﬁﬁ?&%’i'%éf'&frﬁQ? VAY Nt SWER v1asgd i gnegXhaHat ned

diameter of gy8t@m of itheh¢feateeBtRRAS syStBRYY ided # heat ERéatvehye
(main open-close valve) 18 in a formof an angle valve, a main pressure

control val vEYEHRM Enesdingnthe MaWed#N’. butterfly valve, and a vacuum

punp (nofgshown), which are sequentially arranged. 30 Bypass pi pes 60, each
having a smal | dianmeter such as about 1/4 inches, are connected to the
pi pe 13 to bypass the nain val ve %CKGRQ%I&QBB pes 60 are provided with

a first auxiliary yal vaahlfaeturidge6Pnd aermhicaniduredr edEvics,r angneatn
parallel wth each other. A needl’e valve 63 for flow control is arraﬂged
in series wthegiment system is used for performing a heat treatment suc
as a CVD (Chemical Vapor Deposition) treatment to a process
15 object such as a semiconductor wafer. The heat treatment
system includes a heat treatment furnace for containing wafers
therein, a gas supply system for supplying a gas such as a
process gas into the heat treatment furnace, and an exhaust
system for sucking the interior of the heat treatment furnace to
20 create an atmosphere of a reduced pressure,

In evacuating the heat treatment furnace, a so-called slow
vacuuming in which the discharge rate is kept iow is carried out at
an early vacuuming stage, in order to prevent raising particles. To
this end, the exhaust system is configured as shown in Fig. 6. The

25 exhaust system 12 includes a pipe 13 of a predetermined diameter
of, e.g., 3 inches. The pipe 13 is provided with a main valve (main
open-close vaive) 18 in a form of an angle valve, a main pressure

- control valve (not shown) in a form of a butterfly valve, and a
vacuum pump (not shown), which are sequentially arranged.

30 Bypass pipes 60, each having a smal! diameter such as about 1/4
inches, are connected to the pipe 13 to bypass the main valve 18.
The bypass pipes 60 are provided with a first auxiliary valve 61 and
a second auxiliary valve 62 arranged in parallel with each other. A
needle valve 63 for flow control is arranged in series with the

35 second auxiliary valve 62 on one bypass pipe 60.. .

In order to reduce the pressure in the furnace from the




35 second auxiliary valve 62 on one bypass pipe 60. In order to reduce the
" pressure in the furnace fromthe 2 atnospheric pressure to a predeterm ned
process pressure, at first, the main valve 18 and the first auxiliary
valve 61 are closed while the second auxBliary valve 62 is opened, so as
to carry out a slow vacuumng at a mnute flow rate regulated by the

needl e val ve , ereafter, the fi auxi, valve and the in, val ve
e connent i 8 ngSppaficp estiire itia, bigHer2Hflined Motk o AkSnes o Bt
evacuat ed ﬂgtﬁhe rhairprvabeeis ner ehe ﬁunstrambl:madyt\mleepﬁgomteetmse@dwmreocess
pressure.

ver, in.,the above c t | onal t t reat ment s yst.em
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4 0

70 at a posit FHACY edBWn’fu%ﬁLFf@a gieinigd 9\ prgdetgrin
arrangenent aﬂmu‘éisst ﬁegym@ 13 is nore conplicated. In a case where the
pipe 13 is a heated h sdravmfromthi]plpethrouhthe
bracket 70, and thu'élo trl'Bnt(?TR/a gpaveptonak fispt; repk FYste; n

the pipel1d3. SRARNeOD Bé'%sl BMF%B“ e Hrovidegenith NMedt fiest isnd Bskedry Vi ew
of the above 25, probl e h géore an obj e&t of .the Bresent I nvention

is to providauXil "Npl"@ aPgelSucon eat by rthe RiPgnldwad 1Wids

val ve and bypgpace®s agee F‘l‘gtB Yaisrelived., Amtéwuehl ehk aﬁhnﬁ;@@n@ﬁ@sent
i nvention is to S|apl ify arran ement, i n_an _exhaust syst em of heat

a
treat ment sysfEQYNByL h%lpr'lﬁesllgh'saco Katgre, Whistpdohibjts yealitenance ﬁf der
to achi eve thgh@lh@e Bheelcht dyxtepiesent invention provides a heat

treatment SSySt em COEBIr'tIhSérnQn orcr'er Itor the main valve 18 to be fixed in place,
the pipe 13 must be fixed on a housing 14 of the heat treatment
system via a bracket 70 at a position upstream or downstream of
the main valve 18. Thus, the arrangement around the pipe 13 is
- more complicated. In a case where the pipe 13 is a heated pipe,
20 heat is drawn from the pipe through the bracket 70, and thus
reaction by-products are likely to be generated in the pipe 13.

SUMMARY OF THE INVENTION

The present invention is made in view of the above
25 problems, and therefore an object of the present invention is to
provide a simple, compact valve unit by integrating an auxiliary
valve and bypass passages with a main valve. Another object
of the present invention is to simplify a pipe arrangement in an
exhaust system of a heat treatment system, by using such a

30 simple, compact valve unit.

In order to achieve the above objects, the present
invention provides a heat treatment system comprising: a heat
treatment furnace; an exhaust pipe connected to the heat
treatment furnace to discharge an atmosphere in the heat

35 treatment furnace; and a main valve mounted on the exhaust
pipe, the main valve having a valve casing in which an inlet port,




treatment furnace; an exhaust pipe connected to the heat treatnent furnace
to discharge an atnosphere in the heat 35 treatnent furnace; and a main
val ve nounted on the exhaust pipe, the main valve having a valve casing in
which an inlet port, 3 an outlet port and3a mai n passage connecting the
inlet port and the outlet port are formed, and al so having a val ve el enent

arranged int i t cl ose the i a rein:
a first bypas{}?é)\e{lgéggg%ﬁoé}gd s%gﬁﬁﬁq %cﬁmg}?%%efobﬁ%igg?ﬁwgﬁpal | el
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According to @wsgco qa?s ect _of the Bresent |Q¥entLFn, tqere ,S Eé&éJded a
valve unit indl% \rﬁg S/R383805aNH ArmegsPnd euxiliery pipive adap 0 port
and a nmail0 paspegeandriloseithe: sbeondnbgparerpagswgéhe outlet port are
formed, and al so InﬁLUdl n% a gv:gl ve el enent agranﬂectvl n [ he val VE) casing to
open and cl ose 25 tHk dRIRFeHEE KM ment.sthe Hegy e isﬁlcpuﬂdt yPass
includes: a passagbyremnprissdgdesr fairged im 4 MealYaheenbasi o tBadvAdept ed
to connect the i.nlet port and the outlet port while bypassing the valve

element; a setMf%bypass passage arranged in the valve casing in parallel
with the first bypalys papgrefesraddepdbptpshdrit, the second auxiliary valve

15 has flow-adjustability.

In a preferred embodiment, the valve casing of the main
valve is provided with a fixing member, and the main valve is
fixed to a housing of said heat treatment system via the fixing
member.

20 According to a second aspect of the present invention,
there is provided a valve unit including a valve casing in which
an inlet port, an outlet port and a main passage connecting the
inlet port and the outlet port are formed, and also including a
valve element arranged in the valve casing to open and close

25 the main passage, wherein said valve unit further includes: a
first bypass passage arranged in the valve casing and adapted
to connect the inlet port and the outlet port while bypassing the
valve element; a second bypass passage arranged in the valve
casing in parallel with the first bypass passage and adapted to

30 connect the inlet port and the outlet port while bypassing the
valve element; a first auxiliary valve adapted to open and close
the first bypass passage; and a second auxiliary valve adapted
to open and close the second bypass passage.

Further features and advantages of the present invention

35 will be more fully apparent from the following detailed
description with accompanying drawings.




30 connect the inlet port and the outlet port while bypassing the valve
elenment; a first auxiliary valve adapted to open and close the first
bypass passage; and a second auxiliary valve adapted to open and close the
second bypass passage. Further features agd advantages of the present
invention 35 will be nore fully apparent fromthe foll ow ng detail ed
description wi th acconpanyi ng drawi ngs. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 schematically shows the structure of a heat treatnent systemin one

enbodi nent of the pr eserBRIE&ve{nEs@mpErIE)m OR TBEDRAVWPRGS ve view of the
mai n val ve shown 1. s a fragnentary sectional_view of a
princi pal part of 'f'lge %BI ﬁcbgﬂgﬂt@ﬁbﬁ(m showsy the étrdmt&“'f-‘s ofn 2nl

cross- sectlorlarbatnﬁ@hpfsysf@rrﬁm@‘rda eirﬁbauwﬁérﬁr ¥f YREVSrESENNidvemtion; 2
taken alopg line V-V in Fig ; 1 9. 5 .sho an arrangenent of corrponent

parts arodnd the meii¥-v4life? M%?EEEB')"GSM%’ gf i epdR alyq shoxawe a
plan view, anfighip; 6 shows a conventional arrangenment of corrponent 15
parts around the n val ve, ere (a) shows a side view and_ (b) shows a

pl an view DESCR PTIiGN SHSTRETRAERERLELY BECionENViaw ehtddmasipalfPare

present invengf Qﬁewaﬂ,n%|@@s§|ﬁbwmm wix.h reference to the acconpanying
drawings. In Fig. 1_schenatically show ng t'he structure of a heat

treatnent system thH@-réfls é%@maﬁﬂeﬁl cnowue@t@rbalhmw of ddvemsgecond

furnace, 1phi ciugn BV YAt B f L t3
t r eat ment sucﬂuasmari}lcs}/%l\gfr:ocessﬁiLIﬁnpltgh\(,awztgllée str tlggéggbggllﬁeﬁ@a the heat

treatnent furnace 1Fi% & S%Wéhaﬂy@gaf@@"@t Qterle'@BOWﬂf& pasts @resnsent
furnace 1 inglaldpaia @awswmevgézg ﬁmast 5RTe WHBR a?ndm(fig Shotrard Z,

and a cylindrical heater surroun t he processing ves
plan view; an

Fig. 6 shows a conventional arrangement of component

15 parts around the main valve, where (a) shows a side view and

(b) shows a plan view.

DESCRIPTION OF THE PREFERRED EMBODIMENT
An embodiment of the present invention will be described
20 with reference to the accompanying drawings.

In Fig. 1 schematically showing the structure of a heat
treatment system, the reference numeral 1 depicts a heat
treatment furnace, which contains semiconductor wafers W and
performs a heat treatment such as a CVD process. In the

25 illustrated embodiment, the heat treatment furnace 1 is a
batch-type vertical furnace. The heat treatment furnace 1
includes a processing vessel (reaction tube) 2 made of quartz,
and a cylindrical heater 3 surrounding the processing vessel 2.

Although the illustrated processing vessel 2 has a

30 double-tube structure having an inner tube 2a and an outer
tube 2b, the processing vessel may have a single-tube structure.
A lower end of the processing vessel 2 is opened. A cylindrical
manifold 6 is connected to the lower end of the processing
vessel 2 in an air-tight fashion. The manifold 6 is provided with

35 a gas inlet part 4 for receiving a gas such as a process gas into
the processing vessel 2, and an exhaust part 5 for discharging



Al though the illustrated processing vessel 2 has a 30 doubl e-tube

- structure having an inner tube 2a and an outer tube 2b, the processing
vessel may have a single-tube structure. A lower end of the processing
vessel 2 is opened. A cylindrical manifobd 6 is connected to the |ower end
of the processing vessel 2 in an air-tight fashion. The manifold 6 is
provi ded wt
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open and ¢l ose the, furnace thrgat 7. A vvaf er b at 10 a subst ate

hol der) nrade V&flaPYzenwleHaliag dpanhenismo?i p%ﬂuraeﬂdrti}"éﬁ g.,
150 wafers atfurerddecahrogt ey val A, wa‘em‘Dbbra%dmn (tlée @Vﬁibsﬁfﬁﬁ@ehoﬁjé r ough

a heat-insulating tube 11, Th fer boat 10 oa and unl oaded into
and fromthe 'Bﬁ?g%scgp%'a\?%s Ei"'W?' by GRRgRI&P th@ﬁélge@apl el wdnisstho. A
pi pe includedi 50 a(vﬁﬁérsSL@tPWeﬁNééPmr{t@ﬂ/a%‘OVV@) m@@.@ﬂé@t%t%é QRsveruppl y
source i s connect part 4, a i _I(re erred to as an
"exhaust pi penyerm%qrn& WéHP@B %ﬁt'éQﬁHl%"tmgyElﬂiéﬁ] 2. i SThenwateedaaf t he
exhaust pert $g |éSloa'v‘dé21/\ﬂén'd1uﬁ'i@adéd frite Bﬁatfrbhewb?oéégﬁﬁfgev%ssél pl aced

in a housing 14 of the ﬁat t r eat ment siglstem he housing 147 s provided
with a base pPutBeansafithg elevaling fpechaiigh @hich the processi ng vessel

2 can be inserted iAtgipleih@udidty i 20ghic0Buil Wst\r*ﬂepﬁs ngtag
manifold 6 is attacE%éitothe base plate 15 \}{@g ack Fnot sovvn The

heater 3 is EPRPESERA JP PhEaBSUPRIvIIOUNSE 5 Sarectes s@ the gasdnigtt e
15is a Ioadlpwartaaeaarﬁceravbrwe f(?e?e%ﬂkt@ra%aahoremgaw@u gjxt1£ dﬁagu'é% of

the wafer _boat 10 25 The p of the exhaust system1 romthe

15 in an exhaust s stem 12 is connected to the exhaust part 5. As
shown in Fig. 5, the heat treatment furnace 1 is placed in a
housing 14 of the heat treatment system. The housing 14 is
provided with a base plate 15 having an opening through which
the processing vessel 2 can be inserted into the housing 14
- 20 from below the base plate. The manifold 6 is attached to the
base plate 15 via a bracket (not shown). The heater 3 is
disposed on the base plate 15. Provided below the base plate
15 is a loading area serving as a work area for loading and

unloading of the wafer boat 10
25 The pipe 13 of the exhaust system 12 extends from the
interior the housing 14 to the exterior of the same, and is
connected to a vacuum pump 17 arranged at a lower site. The
pipe 13 of the exhaust system 12 is provided with a main valve
18 in a form of an angle valve, a pressure control valve 19 in a
30 form of a butterfly valve, and a trap 20 for capturing
by-products, which are arranged in that order from the
upstream side. The exhaust system 12 is constituted by the
pipe 13, and the main valve 18, the pressure control valve 19,
the pressure reducing pump 17, and the trap 20 arranged on

35 the pipe 13.

Referring to Figs. 2 to 4, the main valve 18 and the




interior the housing 14 to the exterior of the sane, and is connected to a
vacuum punp 17 arranged at a |lower site. The pipe 13 of the exhaust system
12 is provided with a nmain valve 18 in a formof an angle valve, a
pressure control valve 19 in a 30 formofga butterfly valve, and a trap 20
for capturing by-products, which are arranged in that order fromthe
upstream si de. The xaaust system 12 js constituted by the pipe 13, and
the main val v%ssi%(,:'agﬁ m%%@%?ﬁrﬁﬁn‘(\’ﬂ | bgapgschived.¢ hﬁ-h@r &83In evalvgudithg

punp 17, and it¢udeaps %l@ér@wﬁg on (@élﬁé‘ﬁogé@e and ﬁ%%%%g%%ﬁw- 2

to 4, the main valve, 18 and the associat ed mééhani sns W | e descri bed.
The main val v@rrénadeddn kg valve casingszdg 2An(det ®BER3 antan oudigk

el ement 26 apbANasskh Nadfted! ve 18RLRA Ebnriitiioh chr@OhtraAfodgdapitRut | et

port each adap_tded to flanged connectidn are arranged at t st de and the
bot t om of X heSif A ¢ dhenpatiom ebdba valye sesinghah iraspegtivelya s n
passage 24 isgheWredn FigheszVval Ve aisls t9aqC €jsh N 22
and the outlet port ?3. le :\J’/b?%/eﬁ]saelgf%ﬁa?%i%%ogg%ﬁp%ﬁelﬂr‘ra#lﬁépggrs\;a%e
24. \Wen the Caging \Zi do1gonaedtothae, inlak pentved Zeatkihecoutiets @ared23n t he
10 val ve seatp23 | | $RAFE rRYi é%%g t val ve
casi ng 21. Thé q%!t\ﬁé;tsg?tt%_saérgggﬁéa ?r'gves trﬂgl@:h ve ?e%?rit gg‘%éﬁﬁtrho%gh a
val ve rod 27 BHifs Vede obBnisaftpsadsthenvaing relement 28 isTheated ven ridwe 27

I S surroypde I 29. 15 The upper end of the bellows 29 is
connecte Imtjod\t/ﬁ)é,%glg\%g 2)!?:\{z‘tsi ng 21, while the lower end of the bellows 29 is
connected to the uPpedcCtataicdBois thepoaedeon| anamppes.pameohdhieova!va®

protects the astaj o 2STHOOCR. A6 91 VRrBRaiyioes tRIPIANORAENS

and a second bypass passage ch are separa om eac _
are formed i n2patlrowgh anvehee vind e2Z2a30 ngs 2o afpemeandi alose \thelgaithe

bypass  passaggie&218Nd PReCBIVE SFod0h9Sid AR ITHE VB! a BERIWS 29,
15 The upper end of the bellows 29 is connected to the valve
casing 21, while the lower end of the bellows 29 is connected to
the upper surface of the valve element 26. The bellows 29
protects the actuator 28 from a corrosive gas.

A first bypass passage 32 and a second bypass passage

20 33, which are separated from each other, are formed in parallel
in the valve casing 21 of the main valve 18. The bypass
passages 32 and 33 comprise holes formed in a wall member of
the valve casing 21. Provided on the side surfaces of the valve
casing 21 are a first auxiliary valve 30 for opening and closing

25 the first bypass passage 32, and a second auxiliary valve 31 for
opening and closing the second bypass passage 33. The first
and second bypass passages 32 and 33 allow a fluid to flow
from the inlet port 22 to the outlet port 23 without passing
through a portion of the main passage 24 between the valve

30 seat 25 and the valve element 26.

As shown in Fig. 3, an intermediate portion of the first
bypass passage 32 is opened to the side surface of the vaive
casing 21. A part of the side surface of the valve casing 21
surrounding the openings of the first bypass passage 32 serves

35 as a valve seat 34. The first auxiliary valve 30 includes a valve
casing 36 attached to the side of the valve casing 21, and a



t he valve casing 21. Provided on the side surfaces of the valve casing 21
are a first auxiliary valve 30 for opening and closing 25 the first bypass
passage 32, and a second auxiliary valve 31 for opening and closing the
second bypass passage 33. The first and Becond bypass passages 32 and 33
allowa fluid to flow fromthe inlet port 22 to the outlet port 23 mﬁthout

passing throu ortion_of the main sa 24 between, t he _val ve
seat 25 and t V@aﬁs%""@rgrréﬁt ayganggd sH’g\AFSh 3‘@“’& Cgsing, ?l’élter-ﬁ/ |V§ll¥e
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attached to the side of the valve casing 21, val've el ement
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pi pe 38 i ncl uldMing itheavph selemeant §7rll's@bpl\ya|§3@s!3@mﬂl§9c6ﬂﬁ§§tcﬁd(t6 t he

val ve casi “chfeséfchleéHBH' y%;wmfr?%%d VAllvel Biémieit 99! Beovas! 5@,33;/61#(5}?;.

driving the el enent he val ve-opening direction %
directi on | n the cvialvee seate34) epgaingy ﬁhﬁ/eblmﬁ ffosee ofiethgl vOrEht 34)

agai nst L% Oé&ﬁqﬁestsgges%ﬁ’lr 'nﬁgsuéﬁ\llgagll%%n@fé;gfaﬁéeﬁa@ Hg 136,

supplled |nt e valve ¢ |rst
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val ve cading valvesgepbudtitagopen e matliwm passage 33.serves as a val ve
As shown in Fig. 4, an intermediate portion of the second
bypass passage 33 is opened to the side surface of the valve
casing 21. A part of the side surface of the valve casing 21
surrounding the second bypass passage 33 serves as a valve

20 seat 35. The second auxiliary valve 31 includes a valve casing
39 attached to the side part of the valve casing 21, and a valve
element 41 arranged in the vaive casing 39. The valve element
41 is biased by a spring 40 in the valve-closing direction (i.e.,
the direction in which the valve element 41 moves to be seated

25 on the valve seat 35). A pipe 42 included in a pressurized air
supply system is connected to the valve casing 39 to supply
compressed air into the valve casing 39 for driving the valve
element 41 in the valve-opening direction (i.e., the direction in
which the valve element 41 moves away from the valve seat 35)

30 against the biasing force of the spring 40. When no
compressed air is supplied into the valve casing 39, the valve
element 41 of the second auxiliary valve 31 is seated on the
valve seat 35 to close the second bypass passage 33. When
compressed air is supplied into the valve casing 39, the valve

35 element 41 of the second auxiliary valve 31 moves away from
the valve seat 35 to open the second bypass passage 33.




20 seat 35. The second auxiliary valve 31 includes a valve casing 39
attached to the side part of the valve casing 21, and a valve elenent 41
arranged in the valve casing 39. The valve elenment 41 is biased by a
spring 40 in the valve-closing direction §i.e., the direction in which the
val ve el ement 41 noves to be seated 25 on the valve seat 35). A pipe 42

i ncluded in a pres;HrLzed air , supply systemis connected to the valve

casing 39 to suppl y* RISHN 4 da chnneeied tacthavadve fliemend 4bthgeuging
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39, the val vey;i I ] f PR WA aryLya :

from the valepllgﬁs)ga?rqgéhtﬁ%%g\é%r\{%g sec@gdﬁg%(gﬂégﬁpggsgég‘@éeg%é/(ﬁsapl?s on 44
i s connect ed flosad oalthe athansida afhthegeylindenl4%. r #h 48letTipassageon 44
Is slidably fa¥t; | G\ | ; r ' I siing T
spring 40 for4%i|§g§dn@1téﬂem F)Iﬁlgﬁg)lﬁééﬂ Lliérii) l{l)ﬁ%u?@lltgﬁ)ﬁﬁ Srlléﬁaégl ér“trall’ct“ﬁﬁr?hi Qse
embedded in oiePRligd 3hspughe the i pie 48. of thes qunasseirizgadr aite suPplyi vi ng

oh . b o . . . SO 0
on the ot fer D3RSt eoRER Ukl fsinkRE B, OTHECTIBR, Babsele M7 "The
pi ston 44 to €5¥NYs calpri@sand axis, ofintle@d pistosuppti aad ropers inte dhee 42

of the press ,i#%ql | system into the pressure chanber 46. The
i nl et passag;‘54 e% Eﬂagﬁ)@ %rzl}é?qan axi s of the piston 44 and opens into the

pressure chanber 46A flow-adjuaskingt kngbk#8hissprovidechwindan endapoetionpof t i on
ci rount er ancel s uigertaging 35 BEH suCOd MifariCvatve, 3. A inrfer
t hr ead- eA§agetiEaumiiarenge efitbenflowradiastineg flknolet®risathreaded, and is
in thread-engagement with an external thread 49 formed on an
outer circumference of the end portion of the valve casing 39.
The flow-adjusting knob 48 has a sleeve 50 for restricting a
moving range (i.e., an amount of lift of the valve element 41) d
20 of the piston 44. The sleeve 50 is disposed coaxially with the
piston 44. A shaft part 51, which is an end part of the piston,
44 is slidably fitted in the sleeve 50. Thus, the lift amount d of
the valve element 41 can be varied by rotating the
flow-adjusting knob 48, so that a flow rate of a fluid passing
25 through the second bypass passage 33 can be adjusted.

The second auxiliary valve 31 is different from the first
auxiliary valve 30 in that the former has a flow-adjustability
while the iatter provides a constant flow rate. The first
auxiliary valve 30 can be constituted by omitting component

30 parts of the second auxiliary valve 31 relating to the
flow-adjusting function.

Referring again to Fig. 1, a pressure sensor 52 for
detecting the pressure in the pipe 13 of the exhaust system 12
is disposed on the pipe 13 at a position upstream of the main

35 valve 18. A detection signal of the pressure sensor 52 is input
in a controller 53. The controller 53 controls opening and




outer circunference of the end portion of the valve casing 39. The

fl ow adjusting knob 48 has a sleeve 50 for restricting a noving range
(i.e., an amount of lift of the valve elenent 41) d 20 of the piston 44.
The sl eeve 50 is disposed coaxially with Bhe piston 44. A shaft part 51,
which is an end part of the piston, 44 is slidably fitted in the sleeve

50. Th the lift t I I t, 4 b d
oiating the CIPEUIG SAPEEEHAG 9fob e el 1 VAV, 19 oneaty Sos et Eanirol

passi 39 25I t\MIwhl‘J hﬁ}%ﬂﬁfy’tgafh?@ﬁéﬁt mn@tew?ﬁantibe m?naeéumey 20
secon auxi i1 ar \' ve 1,S | eren IS auxli |l 1 a e

T That the reRiE HacbaSeroanag; BECABTIPEL) COMErob PEAGTEE (o SebUSE 4be o
constant fl ovpredtirebnenf thet exdiatidt afysteph Ve23@neRtHee rt@atstﬂrteﬁtmbrw
omtting gonponent_ 30 parts of the second auxiliary valve 31 relating to

the flow’adj¥dfi8§ function. - Referring again to Fig. 1, a pressure sensor

52 for detecting t'hﬁepVSF\?é’rt%Slﬂgt el RAPehES neAiH hﬁél@éhf}@s"haﬁs}’% i %}
di sposed on the plge at a position upstream of the main val ve 1

det ecti on si ghk@teo tttbr%tgalwtﬂatctséheo\faly@ casingdd of the mﬁmua\@
The control | g5 EXeRPRE EhE W@eeim_ﬂ 1a4ldof9tﬁb0§bag t%%'tﬁf‘iéﬁ’t‘ Yfstbhe. Mz

val ve 18, the pressure control valve first auxil |ary val ve 30, and
the second aufiXin@rRlat@abdeispttpgbed 5@ H"%r‘é%lé’ﬁl saain@nt off Fhegrmaain o

adj ust t r S e at
fqu nace ?9 Tﬁzgwx}?cﬂé’;g‘ﬁ%@@;ﬁﬁﬂg @ﬁ%;%v%p%é Iaagegéhl ?:Sﬁg mﬁgltee 54
t hrough whi cho6nis fermed cbtsthg fixing plakendd fovtixvtha dixing plakey 5t40tQh?e

housi ng 14 Ofsﬁitéb'l‘éaéuél{ﬁﬂ{]ﬁ?@ﬁwﬁé’ﬁm $BPew ¢ efhnaca . Fér'é(a’?h hed

to the valve casing 2 e main 10 ‘val ve 18 c%/ sui t f1xi nl?
such as a scréiespaimvidve 18aanr bropreurely fixe t&.thg: bpuﬁéngz:l @fflih@the

fixing plate ﬁéatotﬁe?%'etrﬂb' SHEPRO! by ”Bf'ﬂ%%hliw aa5Cp I@@E‘”S?t't%n tH:é’r
exanple, the nmain va n be Seclre |xe to t housi ng 14 of
15 housing 14 of the heat treatment system and then fixing the
fixing plate 54 to the bracket 57 by means of a bolt and a nut,
as shown in Fig. 5.
The operation of the heat treatment system will be
described in a case where the pressure in the heat treatment
20 furnace 1 is reduced from an atmospheric pressure to a
predetermined process pressure. If rapid vacuuming (i.e.,
high-discharge-rate vacuuming) is carried out, it is possible that
reaction by-products raises in the processing vessel and the
semiconductor wafers W held by the wafer boat 10 are displaced.
25 Thus, at first, the second auxiliary valve 31 is opened while the
‘main valve 18 and the first auxiliary valve 30 are closed, and
vacuum pump 17 is driven to start slow-vacuuming at minimal
discharge rate. The discharge rate at this time can be set at a
suitable value by means of the flow-adjusting knob 48. The
30 atmosphere in the heat treatment furnace 1 is discharged
through the exhaust pipe arranged at the exhaust part 5 of the
manifold 6 and the pipe 13 of the exhaust system 12, and
through the second bypass passage 33 of the main valve 18.
After the pressure in the heat treatment furnace 1 is
35 reduced to a first reduced pressure, the first auxiliary valve 30
is opened to evaluate the furnace at an increased discharge rate



heat treatnment system by attaching a bracket 57 to the 15 housi ng 14 of
the heat treatnent systemand then fixing the fixing plate 54 to the
bracket 57 by neans of a bolt and a nut, as shown in Fig. 5. The operation
of the heat treatnment systemw || be deggribed in a case where the
pressure in the heat treatment 20 furnace 1 is reduced from an atnospheric
pressure to a predeterm ned process pressure. If rapid_vacuumng (]
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hi gh- di schar §Bredgl the Jinstrapdisecond ibhass passagesHddsape3dhatAfter
reacti on by- d LS [ PEACSET t I g@nguct or
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second auxi | isgcpndhl kedaged s prgssudennthe Paain nvalve allde isg anrNehetdi r st
auxiliary val | RSt Vi : j Ve

sl ow vacuunmi ﬁé%ﬁi%rﬁl?ﬁgl dise %?gae rfact e@'gﬁﬂgﬁécﬁazﬁedgh@t‘%hg%ﬁét ﬁlhIsStt ime
can be seb awii sagarublypasspassagehSdfante3d andathestiiaig RAGSRYGE. The

30 at nosphere 4 L fof | ' g ] 'ﬂ%}%h he
exhaust pi pe%a‘ir %ﬁg@ggﬁs{%e@%&s %Qﬁ?c@%fbﬁ%&?&ﬁh gﬁg Eu'fan hltg' pi pe
13 of the exhadswcesd sodhelfipnadiargehmnagisuree second bypass passage 33 of

35 reduced o a 1At eqtagyB ST Fihbrke §fiEe tig Fstitles H/}RGiAg, °
opened to evdheamairhvalve i aretirmorpocatedda theotalvgecasing 24 ohitbegh
heat  tr ohPmedrief ] VElvEY P87 TrRASCRAAS, et BhoyMbe nibRopRRESSHIS he | °,
val ve 18 i s dpaiedvalve tBawinck isheeparataece framating gripéi 3charde a aesult,
Lhrouon e e o @ brAORMENE S, NS 8Refee R AN P, Be
reduced to trsimplitied; argeultpngssor space-shwingoeednbasy nenajntE@nawea.he
e LRk coh Rl M SR SRR L SRR ke SRl et oo
t he 15 6B, the space-saving effect is readily understood. Since the
second auxiliary valve 31 has flow-adjustability, there is no need to
provide an additional valve such as a needle valve having
flow-adjustability.  Accordingly, the structure of the exhaust
system 12 can be further simplified.
20 Since the valve casing 21 of the main valve 18 can be fixed
to the housing 14 of the heat treatment system via the fixing plate
54, it is not necessary to support the pipe 13 at positions upstream
and downstream of the main valve 18 via brackets, Consequently,
the arrangement of the pipe 13 and its surrounding can be further
25 simplified. In addition, in a case where the pipe 13 is a heated
pipe, heat is not drawn from the pipe due to the absence of bracket.
As a result, generation of reaction by-products in the pipe is
suppressed. In this pdint of view, it is preferable that the fixing
plate 54 is arranged at a position remote from the main passage
30 24 of the valve casing 21. In the illustrated embodiment, the
fixing plate 54 is arranged near the actuator 28 to be spaced apart
from the main passage 24.
Although a preferred embodiment of the present invention
has been described with reference to the drawings, the present
35 invention is not limited thereto, and various modifications are
possible without departing from the scope of the invention. For




mai n valve 18 which is separated fromthe pipe 13. As a result, the pipe
arrangenent of the exhaust system 12 can be sinplified, resulting in
space-savi hg and easy mai ntenance. Upon conparing the space Sb in Fig. 5B
with the space Sa in Fig. 15 6B, the spaqg-saving effect is readily
understood. Since the second auxiliary valve 31 has flow adjustability,
there is no need to provide an additional valve such as a needl e val ve
having fl ow@@mal%bfmethe.ammtme@t yurpaee dsrnet limited théhexvaitisa

system 12 ca f i il .bﬁgeSi t } 2 he
mai n val ve 13\/?%1 dggd ?ﬁé&?@ola{tﬁgglho Si 'ngﬂﬁo'o?% ﬁ?aﬁggtéatﬁwgttn@rﬁégsst em
via the fixing prete l@ajtedt ito nothenecbstehy typeuppand twBayi pda3 at

positions upst T _ t i i .
Conscauent |y SNSREWAEE BRESSIEB L. | The gt Hedindhtts et FRed s
further 25 sianplOMD edreatinadti taod, naya baseamhexidatienpi pdifiusips- a Meat ed
pi pe, heat is, .éalgf%%n{émth%h@ pgrgl:'(?sépo%ﬁﬁc@bﬁe”ﬁﬁto‘clirﬁft%ﬁk% ahs a
result, generation of reaction by-products in € pi'pe I'sS suppressed. In
this poi nt ofsarmaanductios prafiesr abhd thay tiee 4i glasgs gubsteaty ian akEBnged
at a positio f he mai'n passage 30 24 of the valve casing 21. In
t he iIIustraE%Hﬁ%ﬁ% di%@ﬁk#’?ﬂé fixing plate 54 is arranged near the
actuator 28 to be spaced apart fromthe main passage 24. Although a
preferred enbodi nent of the present invention has been described with
reference to the drawi ngs, the present 35 invention is not |imted
thereto, and various nodifications are possible w thout departing fromthe
scope of the invention. For 11 exanple, the heat treatnent furnace is not
limted to the vertical type, and nay be a lateral type. Al so, the heat
treatnment furnace is not limted to the batch type, and may be a

si ngl e-waf er-processi ng type. The heat treatnent is not limted to 5 a CVD
treatnment; and may be an oxidation-, diffusion- or anneal-treatnent. The
process object is not limted to a sem conductor wafer, and may be a gl ass
substrate, an LCD




substrate, and so on. 12 CLAIMS 1. A heat treatnent systemconprising: a
- heat treatnent furnace; an exhaust pipe connected to the heat treatnent
furnace to discharge an atnosphere in the heat treatnent furnace; and a
mai n val ve nounted on the exhaust pipe, tfze main valve having a valve
casing in which an inlet port, an outlet port and a nmain passage
connecting the inlet port and the outlet port are fornmed, and al so having
a valve element arranged in the valvelW#dM3 to open and close the main
passage, wherein: a first bypass passage and a second bypass passage are
formed in parallel in the valve casing of the main valve, each of the
bypass passagks conhdigathtraatenent &ystenm comapriséngutl et port; and the

val ve casing of thga rﬁaéepc Vlﬁlﬁ\f??éﬁt?ﬁgﬁéeéd with a first auxiliary valve
close the frrst byp

adapted to open an i as§ passage and a second auxiliary
val ve adapted to opan exhiagsbpépet tensected toyphe herk segrimentThynRes:

reat ent sysieoyacsor gl % LenflAifere iMAREhRat Peatide Aithagcoaddypass
passages conprise ho or med 1 a wal |~ menber o he val ve casing. 3.
The heat treatnment aysiaim acdvedinguntedl aiimthe wheraust pipe,séoenmain

auxi liary val \‘f%l\f@?}f‘j\)iﬂ a?‘qjaﬁletalﬁéééi;/gyin %hﬂfﬁeaHgﬂ?F@%m&W oBtRit Pbrt

accordi ng to clal erein ve caslin fn valve'i
provi ded wi t haadfaxhain passtage camhadtengdihe inletpart andddna oudietoperihg of

o rny o VAP TR AR, Vi 20 VEGRCEioRerd, MERGQUD Ip ane
passage connevalveg cabing ibevpepcandaridsetthembain passaga,e forned, and al so
i ncludi ng a val ve 1§lherein:
a first bypass passage and a second bypass passage are
formed in parallel in the valve casing of the main valve, each of
the bypass passages connecting the inlet port and the outlet
port; and
| the valve casing of the main valve is provided with a first
auxiliary valve adapted to open and close the first bypass
passage and a second auxiliary valve adapted to open and close
the second bypass passage.

2. The heat treatment system according to claim 1, wherein
the first and second bypass passages comprise holes formed in
a wall member of the valve casing.

3. The heat treatment system according to claim 1, wherein
the second auxiliary valve has flow-adjustability.

4. The heat treatment system according to claim 1, wherein
the valve casing of the main valve is provided with a fixing
member, and the main valve is fixed to a housing of said heat
treatment system via the fixing member.

5. A valve unit including a valve casing in which an inlet
port, an outlet port and a main passage connecting the inlet
port and the outiet port are formed, and also including a valve




el.enent arranged in the valve casing to open and close the nain passage,
wherein said valve unit further includes: a first bypass passage arranged
in the valve casing and adapted } the Inlet port and ~ the ouu, flnf nnrf
|~ ~lo u ~ to connect the bypassing thqgvalve elenent; a second bypass
passage arranged in the valve casing in parallel wth the first bypass
passage and adapted to connect, the inlet port and the outlet port while
bypassi ng th&IGEISRL rapged 8 thesivaluri eaing vie veP&Baskl ‘i|856p €and

cl ose the fi rrﬁbln?&%%? gassage; and a second auxiliary valve adapted to
open and close th second bl{gass passage. 6. The valve unit according to
claim5, wherein tehereisysa va@é@dnutdwﬁtber¢aggab§§ conpri se hol es

formed in a wall a h HisiA§ CaREi ng
to claimb5, wherein Wﬁgfs@é%%§§ aUXI gr;é/ﬂéq]%e?d hésﬂ]:]?ow adélustéﬁﬁl?'?y 8.

A heat treat rstaptafstiom conpectithe irdeheport readndhe fauthatepodn whilaust
pi pe connect é§§P§ ﬂﬁggﬁﬂgggéﬁﬁﬂéniurnace to di scharge an atnosphere in
rnace; an

the heat treat € valve unit, as defined in any one of
clains 5 to 7, ar raasgeanidn bypassx passage péranged in the valve casing in

parallel with the first bypass passage and adapted to connect
the inlet port and the outlet port while bypassing the valve
element;

a first auxiliary valve adapted to open and close the first
bypass passage; and |

a second auxiliary valve adapted to open and close the
second bypass passage.

6. The valve unit according to claim 5, wherein the first and
second bypass passages comprise holes formed in a wall
member of the valve casing.

7. The valve unit according to claim 5, wherein the second
auxiliary valve has flow-adjustability.

8. A heat treatment system comprising:

a heat treatment furnace;

an exhaust pipe connected to the heat treatment furnace
to discharge an atmosphere in the heat treatment furnace; and

the valve unit, as defined in any one of claims 5 to 7,
arranged in the exhaust pip'e.




