;e3e<<| @Tmv M VERTI CAL HEAT- PROCESSI NG APPARATUS 5 Technical Field The
present invention relates to a vertical heat processing appara

heat - processing a plurality of target substrates all together.M@Eﬂ%@@wmmmm
specifically, the present invention relates to a vertical heat-

10 apparatus having an inproved shutter device, which is used for "asS®i ng
the | oad port of a process chanber after tjarget substrates are unl oaded

fromthe process chanber. In a typical case, a vertical heat-qmﬂﬂmmmmmmmwm
apparatus according to the present invention is incorporated f

sem conduct or processing systenhjgpqgQ§ﬁ£1faiﬁfqpng@tor process"” «dge
herein includes various kinds of processes ich are perfornmed to

manuf acture a sem conduct or device or a structure 20 having wiring |ayers,
el ectrodes, and the like to be connected to a sem conductor device, on a

target substrate, such asypargerheoRengtorOMBESTING ARPgRASYSSUDStrate, by
form ng sem conductor |ayers, insulating |ayers, and conductive |layers in

predeterm ned patterns 25 on the target substrate. Background Art In the
process of manufacturing sem conduct or 2 devices, various sem conductor
processi g apparatuses are used forTeeifibcal ngiptdcesses, such as

fil ndeposition, oxidation, diffusion, reformation, annealing, and etching,
on a target substratEe spicdseast 5iaverni eondelkaoes wed ez . ver vieal cgat-

heat - processi ng apparatus for sinultaneously heat-processi ng a nhunber_ of
wafers is knowpmsces pime cxpanp tppafet keai-RIRces§ ey a plurality of

target substrates all together. More specifically, the
present invention relates to a vertical heat-processing
10 apparatus having an improved shutter device, which is
used for masking the load port of a process chamber
after target substrates are unloaded from the process
chamber.
In a typical case, a vertical heat-processing
15 apparatus according to the present invention is
incorporated for use in a semiconductor processing
system. The term "semiconductor process" used herein
includes various kinds of processes which are performed
to manufacture a semiconductor device or a structure
20 having wiring layers, electrodes, and the like to be
connected to a semiconductor device, on a target
substrate, such as a semiconductor wafer or a glass
substrate, by forming semiconductor layers, insulating
layers, and conductive layers in predetermined patterns
25 on the target substrate.
Background Art

In the process of manufacturing semiconductor




In general, a vertical heat-processing apparatus 10 includes an airtight
vertircal process chanber (reaction tube) configured to acconmopdate wafers.
A load port is formed at the bottom of the process chanber and is

sel ectively opened and closed by a lid, which is noved up and down by an

el evator. In the process chanber, 15 the wafers are stacked at intervals in
a holder called a wafer boat. The wafer baat with the wafers held thereon
is placed on the lid, and | oaded and unl oaded into and fromthe process
chanber through the | oad port by the elevator. 20 A shutter device is

di sposed bel Owdte@%.q%rsgf?%%i%%n@%&éc%n@%ﬁotrh%ﬂ%sﬁ@xrgt apfgzafa tifie snaf er

boat supported on the i's unloa through 'the |l oad port. The shutter

devi ce prevent ' foryBddsau NG =f ftillenprocess
chanber thr oug%%%egﬁd%%%ﬁﬂgﬁﬁ tger mal |y affecting the area

ther ebel ow, whepds diidh,i :aRRAGGN, FIdE £ A iich & mefapedtiors vi ew show ng

t he 3 relationship between a conventional shutter device of this kind
and a process Ghaftearidd,eaaid atdiihe), oAs shmwydin RiGtddtet IGhus er
device 110 includes a port cover 118 for covering the |oad port 104 of a 5
process ghanbera 10830 dedhypstrdr cevier 11 ivwemticehdeatrrircel st end of a
hori zontal swing arm 116. The arm 116 can be hori zontal ly swun nd noved
up and down by &pﬁﬁrdtuﬂnﬁnrrsﬁmﬂlﬁﬂﬂeﬂusﬁa’ﬂwﬂa%ﬂﬁF%ﬁ?%ﬁ%ﬂQu?ré% ani sm
112 both disposed at the proximal portion. 10 As shown with a sglid line in
FIG 10, when tde yofergol@rknah jas rﬁatplifé%ﬁ%n%l%%%aﬁvn\deusf odl Port, it is
placed at a waiting position laterally shifted fromthe |oad port 104. Wen
the port cover ¥#®3is used to close the load port, the arm 116 is

hori zontal |y swung 15 bgﬁg??giogg gﬁgﬁgggﬁégggg¥§iégss99£§e§8§§£a%& to a

position bel ow t he | 5ad 'S no p to bring so

f th t, 118 to. i 1 t
104, “Thels |5 alsthes apf bt br at chls FEPR oy 8kt o POhRope e (FoRcthes TUe

|'s attached to émgzr?egi SLRE1 §0P81 8 Xéééﬁnﬁéha‘ééé\'i prard (Nt 168eWedrtl pst hi's

case, the verti wing armrs vertically swng by a vertical rotation
nmechani sm di spoggd al LherREOXLEROMPOEL tRE. pFBEepsr thamyer asdmbwed up by
vertically swinging the 25 armto come into contact with and cl ose the | oad
port. In the shutligrtdexigeopbaun hAdFECosdl, byhe aidy 14B6ick hermeuadal |y
swung to nove the port cover 118. 4 The port cover 118 has a relatively
hi gh wei ght, whiy;ghahfcteaaebyt he tilewahecessanyther pronessl Fhagbeke
position of the port cover 118 in the opening and closing operations, in
the shutiser devine whdemsi ard Etécked.aﬂoﬂn§ﬁﬁﬁﬁﬂé,lﬂnat%@1é§§ecé#l§d
vertical heatprocessing apparatus for wafers of 12 inches, th | .osi ng
operati on t akesaabeder2bosscondbef wpfest ROpEnWaLh FESalmi£16 Eﬁgdabout 2
seconds for ascent of the arm 116, which_t ot al rqun%@é? seconds. jAdong 10
operation tine &heggenshst PERCEEyPEe 1B ddsraBBGt *83C6R ARPoIGhpaL
Furthernore, the size of the rt cover 118 has .t i hcr.eas i n
i ncrease in thel@tamdPer &P FESpPEOESE Scrdfber” :%rkfl}gél or &g%cg%v?i\at %tr%e
size of wafers. Ac%lrdi%¥%ﬁu§he probl em nenti oned 15 above will be
aggravat ed for V& (€al® Hrd -proocessi ng apparatuses of the next generation
for processing | ar ger, valars., Displasure ofsdduantianinidinaicads t he
present invention |sz}o provide a 20 vertical heat-processing apparatus
that can shorten;thedyi MR REEASSAHY Tfld theertopamniay tand wel fasi ngadper at i ons
of a shutter device, thereby inproving the throughput. According an aspect
of the present if¥#tE drhangs i18iPrioyivabalaertinalghddte prackssinty
apparatus 25 for heat-processing a plurality of target substrates all
toget her, the appas ajHis: tcanpidsiaw praaveritrd ilghgh preyoess bHaeate if%ur ed
to

flowing out of the process chamber through the load

25 port and thermally affecting the area therebelow, when

the 1id is opened.

FIG. 10 is a perspective view showing the




5 accommpdate the target substrates, and having a |oad port at a bottoma
lid configured to selectively open and close the |oad port of the process
chanber; 5 a hol der configured to hold the target substrates stacked at
intervals a supply section configured to supply a process gas into the
process chanber; an exhaust section configured to exhaust the 10 process
chanber, a heater configured to heat an atymsphere in the process chamber
an el evator configured to nmove the |id up and down, along with the hol der
pl aced t hereon, which holds 15 the target substrates and a shutter device

configured to nmask,the d frer t t I
fromthe proce§§i8ﬁéﬁﬁgbg§hngg%e?hé FgaQQB%?FggghE%gﬁﬁF?é?%33$?cgm caded

conprising 20 rt .cav cant.i g le@Ct(irelot ioho %t t.he d
o The. pr ocess RAEARY Sng” AN pEdHERs o (e i g Lhe Asoad port

ext ensi bl e/ contaghi e FEEN that +SEPReRitE candiewves 1Mite ipariidesver , the
actuator being configured to linearly nove the port 25 cover by the
ext ensi bl e/ contyaet ideranmeeioreedvering the load port 104 of a
5 process chamber 103. The port cover 118 is attached to
the distal end of a horizontal swing arm 116. The arm
116 can be horizontally swung and moved up and down by
a horizontal rotation drive 114 and an elevating
mechanism 112 both disposed at the proximal portion.

10 As shown with a solid line in FIG. 10, when the
port cover 118 is not used to close the load port, it
is placed at a waiting position laterally shifted from
the load port 104. When the port cover 118 is used to
close the load port, the arm 116 is horizontally swung

15 by about 60 degrees to move the port cover 118 to a
position below the load port 104. Then, the arm 116 is
moved up to bring so as for the port cover 118 to come
into contact with and close the load port 104.

There is another example of a shutter device, in

20 which a port cover is attached to the distal end of a
vertical swing arm (not shown). In this case, the
vertical swing arm is vertically swung by a vertical
rotation mechanism disposed at the proximal portion.
The port cover is moved up by vertically swinging the

25 arm to come into contact with and close the load port.

In the shutter device shown in FIG. 10, the arm

116 is horizontally swung to move the port cover 118.



closing position to close the load port and a waiting position laterally
shifted fromthe closing position. 6 The vertical heat-processing
apparatus may be arranged in a formwherein the extensible/contractible arm
conprises a proximal portion and a plurality of armel ements supported by
the proximal portion and 5 supporting the port cover, and the plurality of
armelenents conprise a first armel enent g eciprocable relative to the

proxi mal portion and a second arm el ement reciprocable relative to the
first armelenent. The vertical heat-processing apparatus may be 10

arranged in a far, ‘M&gr el 0the 18hukler deviage vhukt ReyhC pRRGhYes waichasi Ny
configured to acco ate the port cover and the extensible/contractible

arm such that ;the exensiRl e/sentireldishiry @om iconttickadnawaihei n t he casing
at the waiting position. 15 The vertical heat-processi ng apparatus nay be

arranged in a Ep@'s@t\&*&f QN thize pofiut toeivedevilse ifurthiee opeoimy sesl a
controller that controls an operation of the extensible/contractible arm

and the controldi®siing dpcangadnsy per furemsheditemockeniige showre igecond arm
20 element relative to the first armelement only when the first arm

el enent i5s in teIE .cddi.ng Fothexzantliccalithddte mrasce s my vE@idialudafdy be
arranged in a formwherein the casing conprises a first opening fornmed in a
first side of tdwm cesiimy fansanp ture 1%;3; wafanfy Poslid ildchehd tg"esecond
opening fornmed in a second side of the casingggiffere t gron1tgm%fiﬁst

side, and the apieginaureRaHGn dARI RS tor rotatio

of the arm 116 and about 2 seconds for ascent of the
arm 116, which total around 27 seconds. A long
10 operation time of the shutter device brings about a low
throughput. Furthermore, the size of the port cover
118 has to be increased with an increase in the
diameter of the process chamber, in accordance with the
size of wafers. Accordingly, the problem mentioned
15 above will be aggravated for vertical heat-processing
apparatuses of the next generation for processing
larger wafers.
Disclosure of Invention
An object of the present invention is to provide a
20 vertical heat-processing apparatus that can shorten the
time necessary for the opening and closing operations
of a shutter device, thereby improving the throughput.
According an aspect of the present invention,
there is provided a vertical heat-processing apparatus
25 for heat-processing a plurality of target substrates
all together, the apparatus comprising:

an airtight process chamber configured to



configured to forma gas flow flowing in through the first opening and
flowrng out through the second opening. Brief Description of Drawi ngs 5
FIG 1 is a structural view schematically showi ng a vertica

heat - processi ng apparatus according to an embodi nent of the present
invention; FIG 2 is a plan view schematically showi ng the inner structure
of a shutter device used in the 10 apparatgis shown in FIG 1; FIG 3 is a
front view schematically showi ng the inner structure of the shutter device
shown in FIG 2; FIG 4 is a side view schematically show ng the inner

structure of the shutter deyic §Qg I I ; I i are a
pl an vi ew and zfcsclog‘éﬂo\(/i%écv(\a/, ec\rfleesgteact I %éﬁ%%f@ttﬁe%”s#ﬁ%{??%&ﬁi%ﬁm in

FIG 2, in a S&Qﬁﬁtgﬁy%§3§ﬁ§*“§tate) where first and second arm el enents

are contracted; 50 are a plan view and a side view, 20

respectively, of the, sty t&dndeyice) twweldrial?, open aarsd atkoshertes onl y
the second armelenent is extended; FIGS. 6A and 6B are a plan view and a

side view, respegdd \int o e Sfuddsy dewiteer;shown in FIG 2, in a state
(extension state) where the first and second 25 arm el enents are extended:
FIGS. 6Cmand 6D are @ pbrdeyi @npighredide Mkl the target substrates ’
stacked at intervals;
a supply section configured to supply a process
gas into the process chamber;
an exhaust section configured to exhaust the
10 process chamber,
a heater configured to heat an atmosphere in the
process chamber;
an elevator configured to move the 1lid up and
down, along with the holder placed thereon, which holds
15 the target substrates; and
a shutter device configured to mask the load port
after the target substrates are unloaded from the
process chamber through the load port,
the shutter device comprising
20 a port cover configured to selectively closing the
load port of the process chamber, and
an actuator including an extensible/contractible
arm that supports and moves the port cover, the
actuator being configured to linearly move the port
25 cover by the extensible/contractible arm between a
closing position to close the load port and a waiting

position laterally shifted from the closing position.



respectively, of the shutter device shown in FIG 2, in 8 a state where
only-the first armelement is contracted FIG 7 is a perspective view
schematically showing a ventilation structure for the working area of the
apparatus shown in FIG 1; 5 FIG 8 is a sectional view schematically
showi ng the ventilation structure for the working area of the apparatus
shown in FIG 1; FIG 9 is a side view schematically showi ng a shutter
device according to another enbodi ment of the 10 present invention; and
FIG 10 is a perspective view showi ng the rel ationship between a ’

conventional shutter,devj . r i ;
TIPSR AU § OGRS CNAMRagdh G b ialbe

heat - pr ocessi ng apparat us. r Carrying Qut the Invention

Embodi ments of the present J nue hekrill e degerdied dreiorittaldtdb e th
reference to thé acconpanying drawngs. In the foll ow ng description, the

constituent el epentSavidis SURSANNAl Ipsridiersam 20 dlunctliidry arfd arn
arrangenent are denotéed by the sane reference nunerals, and a repetitive

Ceheme | ol 1y S e Mot pr scessi ng apparat us. acoordi ng o-an
25 enbodigrent ofuddiertpireserite ippuentdorer Asarshdwre imlurality of arm
elements comprise a first arm element reciprocable
relative to the proximal portion and a second arm
element reciprocable relative to the first arm element.

The vertical heat-processing apparatus may be

10 arranged in a form wherein the shutter device further
comprises a casing configured to accommodate the port
cover and the extensible/contractible arm, such that
the extensible/contractible arm is tucked away in the
casing at the waiting position.

15 The vertical heat-processing apparatus may be
arranged in a form wherein the shutter device further
comprises a controller that controls an operation of
the extensible/contractible arm, and the controller is
arranged to perform reciprocation of the second arm

20 element relative to the first arm element only when the
first arm element is in the casing.

The vertical heat-processing apparatus may be
arranged in a form wherein the casing comprises a first
opening formed in a first side of the casing facing the

25 closing position, and a second opening formed in a
second side of the casing different from the first

side, and the apparatus further comprises a mechanism



FIG 1, the shell of the vertical heat-processing apparatus 1 is forned of
a housing 2. A vertical 9 heat-processing furnace 3 is disposed at an
upper position in the housing 2, and is used for performng a predeterm ned
process, such as an oxidation process, on a plurality of target substrates,
such as sem conductor 5 wafers W The heat-processing furnace 3 includes a
vertically |l ong process chanber, such as & quartz reaction tube 5, which
has an opening at the bottomas a |load port 4. The |oad port 4 of the
reaction tube (process 10 chanber) 5 is selectively opened and cl osed by a
lid 6, which i l e up.a 0 he 1l S ndf Langedohceme i nto
contact with t%ggﬁgggg%dtﬁg Fggg'EQP?E4%ESM2F?€P3h?{y cl ose ?ﬁe | oad port

4. A wafer boate;94icS oHesReSeEneN iiberihnigd obit ftorJuehdithg aeplowdal ity of 15
wafers Win a state ere they are stacked at intervals. A rotation
nmechani sm 11a icpegiisRosed below the lid 6, for rotating the wafer boat 9. A
heater 7 is disposed around the reaction tube 5. The heater 7 is controlled
to heat the atnosphere in 2(Bitief rkesds gt tabe f Poesssthanber) 5 to a
predeterm ned tenperature, such as 300 to 1,200C. The reaction tube is
connected to a gas SEp! V1 sectd atORiurd udiigy sPrematicgl of gayvined

| ines for supplying process gases and an inactive purge gas into 25 the
reaction tube & VR irazdcthant tanse s g | aRP G tAE UG 0P Sehftst
section ES for exhausting the interior of the reaction tube 5. 10 When
wafers Ware pradeskigenth ahdheRtesiht gty are held in a

hori zontal state and stacked at intervals b thetmafﬁ%Yb alwgn T, emafer
boat 9 includes a quBF¢z Hob? BINWPRA LINFTGUT U1 hol d°

an er of,

e.g., 25 to 150, wafers Whaving.a |arge di e G090 Mm The
boat body 9a i stHVi UG &1 € %E%%%‘;%Ee ﬁ;séecgo“fg% otrn which is
formed integratedl ith th o] y Qa. The leg portion 9b is connected
to the ro aIicwﬁﬁp%%%ﬁQSCEhﬁﬂpdﬂﬁo a idﬁ'nechanisn111a attached to the Iid

6 to rotate the wafepssWin, Lhe anghl ay; gir s€heRBt i b et sRGwIRGNBRESM OF
thermal |y insulatingﬁggfi%dé% %not S omﬁ) is further digposed on the lid 6.

A base plate 8 & Of ¢ r8cBure St A PhESShet €8t dSvide hobwONial FYGar2 anged
in the housing to instafl the reaction tube 5 and heater 7 constituting

the heat-processing fygnagei 3. aTBedbaseep! atreRat $cpidyi dedwihghtha openi ng
(not shown) fornmed therein, into which the reaction tube 5 is inserted from
bel ow. 20 The reargétogttubeubehas theoshwhtdrflengeecashowe botFom #hich is
hel d by the base plate 8 through a flange hol der. The reaction tube 5 is
det achabl® downward FIGE.t b2 bade5Bl are 8, Plan ¥iheunphg andid§ VoFfth. 25

The housing 2 contains a working area (loading area) 10 belog'%he
heat - pr ocessi ngreapaatevelys opft FRAsFBREFRG GaVEFE WPPHRanB f18m fhellaf er

boat 9. .
a state (tuck-away state) where first and second arm

elements are contracted;
FIGS. 5C and 5D are a plan view and a side view,
20 respectively, of the shutter device shown in FIG. 2, in
a state where only the second arm element is extended;
FIGS. 6A and 6B are a plan view and a side view,
respectively, of the shutter device shown in FIG. 2, in
a state (extension state) where the first and second
25 arm elements are extended;
FIGS. 6C and 6D are a plan view and a side view,

respectively, of the shutter device shown in FIG. 2, in



11 An el evating nechani sm (el evator) 11 is disposed in the working area 10
to nove the lid 6 up and down (only the armof the elevator 12 that
supports the lid 6 is shown in FIG 1). The wafer boat 9 is noved 5 between
the working area 10 and reaction tube 5 by the elevator 11, while it is
supported on the lid 6. In other words, the wafer boat 9 is | oaded and

unl oaded to and fromthe reaction tube 5 iy the elevator 11. Atable 13 is
di sposed on the front side of the 10 housing 2, for placing a plurality of
carriers (or cassettes} 12 each configured to store wafers W Each of the
carriers 12 ca # lLur al ity +ef., .Gt § ntWale e tEaecht rrier
12 is forned ag %%gggrﬁF%ﬁ% ?&é ngf ggﬁ%éiﬁg??qﬁﬁﬁghthas alid (nng15
shown) on the front gigle.7 Ad aphfsn@dcStvdiahie skdteniat iH8008 ashdwigigle the
front of the working area 10, for placing a carrier 12 thereon and bringing
the entrance ofy thetGarddiemn kvt reOHacthd W tikiegverddang fartde 10 si de.
A port is 20 formed in the partition between the working area 10 and

tabl e-port strugdyretlda shanth denfiIgur dd to be opened/cl osed by a door 14.
The door 14 is provided with a nechanismfor attaching and detaching the
lid of tlke carrier IEAIG.THe idoa selttiiondlsoripmwedenaiice Dy ra8pvadihy means
(not shown) disposed near it, for replacing the atnosphere in the carrier
12 pl aced on t Hihe atndidertian mictugtairsL£as thawasidag vregaet the A
transfer device 15 is disposed in the working area 10, for transferring

waf ers W bet weaPRawe ot rahawn Zra i Gvafler boat 9. Storage shelves 16 are

di sposed outside and above the front of the morkirg%fiea 10,. 5 for storing
two carriers at two Poait? ohd ¥e313@ V1SV oF FRGRRLL B R HEVF ce (not

shown) is also disposed there, for transferri carrj.ers. be tabl e
13 and storage gHie&Fe% dgrL1Ge sarﬁﬁ?reél%vti%ea Or}g?esr a‘?nékf)ooésleng%%ﬂecfeﬁeé op

i nsi de t he worki ng._ ar . for sking the | oad port 4 when the |id 6

i s det ag]‘r%)ed frdmThe olaxg‘?ep%? Orgl’ oc”r‘r{?he reaction tube 5. The shutter device

17 is used for preveg}ing, hi BLALUE Eyheqt ofir ORB 1 9 fige OUt of the
reaction tube 5 thr oﬂ%%'t]hb; ?%a%e%%rtﬁél and 15 ?her mal | y(waffecti ng the area

therebel ow. Foryd i $; MEIPOS e tiiSes Wt EShvaeyi seall Tshast & p@s¥icovatd 18 for
sel ectively opening and closing the | oad port 4. The port cover 18 is
supported at the gistads emgambeani@xd evsi bl edrondaaepidtesatmy 19. The
proximal 20 portion of the arm19 is attached to the housing 2 through a
support struct ufgp2Batdde port cover 18 is linearly noved by

ext ensi on/ contraction of the arm 19 between a closing position PB for

cl osing 1he | oad port Besid Mpdmifdmdaoosy IndOWA the erarent 9 t ed
therefrom 25 At the waiting position PA, all of the port cover 18, the arm
19, and the driving BabediBenthe0hr FeoPFRAFER WRVERBACREYL BA | ater in
detail) are encased | 13 in a,casing 21 fixed to the _housing 2. The
interior of thed@%lfh]ae‘élh%eiﬂéﬁﬁ?gt‘é&lt’w FRF AT ERES| F\?eﬁ%%r of working area

10, d ibed later. FIGS, 7 and 8 t '
ect onal vi cw, SFEOBREEYvepy xS EBRENa I BalTy EROM R A SERCTFarLER

structure for tpﬁe constituent elements having substantially the same

20 function and arrangement are denoted by the same
reference numerals, and a repetitive description will
be made only when necessary.

FIG. 1 is a structural view schematically showing
a vertical heat-processing apparatus according to an

25 embodiment of the present invention. As shown in

FIG. 1, the shell of the vertical heat-processing

apparatus 1 is formed of a housing 2. A vertical



wor ki ng area 10 and casing 21. A front opening 52 having a size that allows
the port cover 18 and arm 19 to pass therethrough is forned in the side of
the casing 21 facing the closing 10 position PB. A ventilation opening 54
is formed in another side (the left side in FIGS. 7 and 8) of the casing
21. The other portions of the casing 21 are closed to essentially prevent a
gas flow from being forned, although it i not airtight. A ventilation 15
opening 56 is also formed in a side (the left side in FIGS. 7 and 8) of the
wor ki ng area 10 outside the casing 21. The openings 54 and 56 are connected

toa ventilatign Ragsaoe 43 nclidieg 3 duckizpowelend g 2@palong a side

of the housing the apparatus 1. The ventilation passage 62 extends at

the bottom of tfieiRQusi g 2rANAuEIGRNPECHRE tie askdd tflr wairfdihitly eugh a

heat exchanger "64 and a fan (gas suction nmenber) 66. The filter unit 68 is

di sposed to fags Jdie Mafikd pifcRRs23 Ehcth a3 sindexdiddtienpusiosssl apposite
the duct 58. Accordingly, the working area 10 is supplied wth a clean gas

fromthe filtern WidrA8 twidd itamet kelaitratel) studramspreehicehdictdre fan

66. The clean gas forns a gas flow FGin the working area 14 and casing 21

and fl ows t hr owglf erte Wpeiheg et -grd 865 s ifngyr e narc e e igsdasiase side, into
t he exhaust duct 58. The clean gas 5 thus used and has entered the duct 58

is returned to a hedftidadrl whicnGPupcadie dianbatefHPY Gfu YR the fan 66,
so that it is recycled after being cleaned by the filter unit

68.
Particul arly, pmactdon Hakg dan 8Hrch 1% ahiPIHe IR cddHh P PhiBugh t he

front opening 52 of the casing 21, and then flows out into the exhaust duct
58 through the &ZikREDRMNthd* 54. The gas flow FG thus formed fromthe

tside into the i id f th i 21 th h. th i 52 of
Ohe tasi ng 91" DrevertaS ofed o84 00 Tus SN lb T oaRERL g 02 O )
f fl i t. into t ) Ki 0 i o b
bonor at b o odniiher (g 0TI AL A Lo BAd 4t Hiddaed Wy otia e,
arm 19 cone intg contact, w i &"’\E}%}V%ﬁé‘ec?odzﬂ‘ sl NB)g é\Si 8 LONSEBIENES, it
1 Wa and i

is 20 possible 10 preven ers ed In the working area 10 from

bei ng cont ani nat g W4, dusic genepatiedind 1he shutheriseyiserd74 when it
operates in a nmanner described later. FIGS. 2 to 4 are a plan view, front

view, and side 2br¥igNt1yeSPessi Mgk ylosshesntical |y whbwi ngoatedi hmer
structure of the shutter device 17. As shown in FIGS. 2 to 4, the support
structure 20 suppPoOpdsag dhethe 15i@x6ensobl kdtdimgastpbheakbihy 19fi ncl udes
front supports 20a and a rear support 20b. The pair of right and left front
supportsl®?0a areaféxedWtinthesbateowhefet heebasee pshteked Fhe rear support

20b is fixed to a frame 2a 5 of the housing 2. The arm 19 has a grﬁxi mal
arm el enent 22, ihtesvahem eherehat{Pht BeFRANAER At #n &F efePP9S94, P&hAYsecond

armelenment (distal_armelenent) 26, The fi rstarm ejcegent 24 is disposed
on the proxina|tagniéﬁeﬁenﬁogzrotatlng the warer boa .

A heater 7 is disposed around the reaction tube 5.

The heater 7 is controlled to heat the atmosphere in
20 the reaction tube (process chamber) 5 to a

predetermined temperature, such as 300 to 1,200%C.

The reaction tube is connected to a gas supply section

GS including a plurality of gas feed lines for

supplying process gases and an inactive purge gas into
25 the reaction tube 5. The reaction tube 5 is also

connected to an exhaust section ES for exhausting

the interior of the reaction tube 5.



10 through a linear guide 23, so that it is slidable in the |ongitudina
direction. The second armelenent 26 is disposed on the first arm el enent
24 through a linear guide 25, so that it is slidable in the |ongitudina
direction. 15 The first and second arm el ements 24 and 26 are noved back
and forth by first and second cylinders 27 and 28, respectively. Each of
the first and second cylinders 27 and 28 g forned of so called a rod-Iess
cylinder. The rod-less cylinder includes a cylinder 20 tube 27a or 28a in
which a piston with a magnet is slidably inserted. A novable ring 27b or

28b with a magnet i | dallard i t QI e 16y lidededdtior kany  28a,
so that it can nnveﬁgﬁ%%g mf%ﬁigtéﬁgigion. 25 Tﬁé first cylinder 27 is

attached to the prexiymal,AmME1e] aFER 13 Rt dihe vanabin 19t 4dts
connected to thé first arm el ement 24. The second cylinder 28 is 16
attached to thegfidisia 1 Bel@Ena 24 bt the Mhaafan dpad8lY i s connect ed
to the second armel enent 26. The bottom of the proxinmal armelenent 22 is
attached to therhotidys pl ahe 3t defdtnibegiy e boirtfrgufed He Sigabi ng 21. The
bottom plate 30 can be selectively inclined along with the

ext ensi blse/ conta antnidde @f,megy. SpEcitfa i@y, wafrr e siin®e/aomTIcti bl e
arm 19 is supported by and rotatable about an axis portion djsposed on the
proxi mal side, disamstam dfy G .4.300 m¥ ¢ h The L@t HRAAEIR 1 he
extensi bl e/ contractible arm 19 can be sw tched betmeﬁgh%:hori ontal, set
state where it wioekdambtwisdn a hke | RAT HEPHOR (3ot BB RN W 1 PosT ti on

PA, and a mai ntenance state PC where it is inclined,for an erator to
access it. Morefame®ethtedraFsdly HElth B HerCPort?dh %?'th@g) r%( mal arm

element 22 is supported. to, be vertically r t . at the
| oner end of t EE%?nsﬂﬁp%?tC%EﬁFCQﬂ% %%t?%%1%$%§%l€%a?s§@%%%é%%ed to the

supports  20a through |inks or. st S+ 32:hol gdi ghge ggm 20 19
t hr ough ]t(ﬁe bot?o *b?%}%n%?c}?%nf%@ ﬁ%? n%gﬁ%%%gas%ate PC %/vhere the arm 19

S pcl i ned downerd, The pobLom gl ahecd0 ksghisedal petheokiont supports

20a by screws (n and held in a horizontal state. Wen the screws

are unf ast ened, t%8a99ﬁ&Oﬂbgﬁaﬂi§ﬁeo§0th§rﬁ§D§yaiﬂ§uiéﬂﬂh@heyitﬂdérsupports
20a and incline ownward. In this enbodinent, the arm 19 and bottom pl ate

30 are manual | y pevedhgunandsdewnth¥ranispdseapenathe Llide6, the shutter
device 17 is noved between the normal horizontal set state and nmaintenance
state). The port covarbi8ei platkashaddtoottheecugper ssedelefst ksedilstal end
of the second arm el enent 26. The port 5 cover 18 is made of, e.g.,

st ai nl ess5st eel hoahdohhaligesraangedr ivobhenhousinet dr E0( éBEERAG
structure), in which a cooling-water passage 33 of, e“%. .a hghical shape
is formed. Metatheondaictipnb&ybssSerpanbeptsin 4 PRSI UFABIsERSNd ar m

el enent 26 and comrunicate with 10 the oolEgg-ﬁater gaiéage.ss in the port
cover 18. Heat - hestsPERECERANF| EXFBPESCcAndur St GBES B59&de of, e.g.,

tefion (TM are comEziehith LAoop2nduly! (hBReendhn) 220:4E8 Lad.baward the

into which the reaction tube 5 is inserted from below.

20 The reaction tube 5 has an outward flange at the
bottom, which is held by the base plate 8 through a
flange holder. The reaction tube 5 is detachable
downward from the base plate 8, for cleaning and so
forth.

25 The housing 2 contains a working area (loading

area) 10 below the heat-processing furnace 3, for

transferring wafers W to and from the wafer boat 9.



A distal end cover 36 is disposed next to the 15 distal ends of the conduit
tubes 34 to protect the conduit tubes 35 fromheat emtted fromthe | oad
port 4. An internediate cover 37 having a U-shape in the cross-section is
df sposed on one side of the first armelenent 24 to allow the distal end
cover 36 to nove. 20 A tube bearing 38 is arranged to guide a flexible tube
for supplying a pressurized gas to the segpnd cylinder 28, so that it is
not slack. Wen the shutter device 17 is opened/cl osed, the
extensi bl e/contractible arm19 is controlled in, e.g., 25 sequenti al

control by a centrqller CRRL A Qe 1€9Albe) S 1neqisPagRbised ah t he
second arn1e|e%%nqu%%FéF§?%§e toltheqfirst arm el enent 24, such that it is

18 perforned onhy, Wagh e ailehst Ak lov@eRhe?4 iicS 6 Mt hedcawiwng 21. This
arrangenent prevents dust generated by slide of the arm 19 from fl ow ng out

into the workingrareantlarh M¥r ehspeQicviadald 1,1 Whert tsupppartds cheer 18 is
noved (for the closing operation) fromthe waiting position PA (in the

casing 21) to thel & s RGawesiitn IEB,1)t.he Thec vrad ear mcalterferits 2®@viegd fir st
noved forward, as shown in FIGS. 5A, 5B, 5C, and 5D, and then the first arm
10 el emest 24 ik twesed ther warnkirgs ssteawl O R GeadAand @B OPY he ot her
hand, when the port cover 18 is noved (for the opening operation) fromthe
cl osi ng positi dhePR tayater vidit iwvig Jsosit ilch SeRIsEehertddihg #41)8- t he

first armelenent 24 is first nmoved backward, 15 as sh i n. FI GS. 6B
6C, and 6D, andn reheheardondhd Malendne2e 1S M@M%ﬁeﬁhom
in FIGS. 5A and 5B. Since the arm19 is slid int casji hg .21 for extension
and contractiork® ARG geerdte FRF RN stikfe %3’3( &%é%(hegjl%‘?aeﬁf%yﬁa' gas flow
formed in the casing 21. conseguence, the dust is.p n om
gAmﬁﬁQfggf%r%% BPRRL o' %hg bl éf%@ betend

flowing out into th re used to detect positions

of the first armelene 24 and seco nt .26 a 19 25 in

ext ensi oif and SEIHFHRY ion (§F ep.dl,a sjtl}%%\eaﬂeirpd%ﬂﬁ C’E%ecézl%rs%ér};s ZS&V\here t hey

are hardly affecied, fychpat, [Lom (it 03¢ 80T Lo 4 dherRathosl, besagn | ew
0

sensors 19 as  possSible. r this purpose, in this exanple, three sensors,

such as limt syttohes-382ie38b2 ansh 38corare slispesety ostf he. groxi mal arm

el enent 22, at predetermined intervals in the longitudinal direction. 5 A
ki cker 39 is sljigabty29j speseds on thenh peoxibet B2 niel oEnéd282sby a gui de

rail 40, to sequentially turn on/off the limt switches 38a to 38c. The
ki cker 39 is prayisdedtight boaksperttonsaBfarandhBeh Wispaskidsépakat el y
one on either of the front and rear sides. 10 The first and second arm
el ement s124 andsB6éway eon the front side.
A table-port structure 13a is disposed inside the
front of the working area 10, for placing a carrier 12
thereon and bringing the entrance of the carrier 12
into contact with the working area 10 side. A port is
20 formed in the partition between the working area 10 and
table-port structure 13a, and configured to be
opened/closed by a door 14. The door 14 is provided
with a mechanism for attaching and detaching the lid of
the carrier 12. The door 14 is also provided with
25 replacing means (not shown) disposed near it, for

replacing the atmosphere in the carrier 12 placed on

the table-port structure 13a with an inactive gas.



provided with operation rods 4la and 41b extending fromtheir sides to
engage with the hook portions 39a and 39b, thereby operating the kicker 39.
For exanpl e, when the port cover 18 is noved for 15 the closing operation
fromthe waiting position PA (in the casing 21) to the closing position PB,
the limt switches 38a to 38c operate as follows. First, fromthe
contracted state of the arm 19 shown in Fi&S. 5A and 5B, the second arm

el ement 26 is nmoved forward 20 relative to the first armelenent 24. In
this nmovenent, as shown in FIGS. 5C and 5D, the operation rod 41b of the
second arm el ement 36 Wddr dde 1k parddan e @ thafient i de
of the kicker 39 and transtfers the kicker 39 to a position corresponding to
25 the intermedjate 1lg, Mo SWirldslk 23801 A6 v feans auRRGRert hthd iddrrisw t ch
38b is turned on, and thereby detects tthat the second armel enment 26 has
been extended. 15 20 dTherterdt M dt rst aubrel@Me 134 9 dreved dicowered]
relative to the proxinmal armelenent 22. In this novenent, as shown in
FIGS. 6A and 6RyutdieiOpaidtdtyve ahed Hiraoft tdfe thec ovatkimy elr@eerit0,26 engages
with the 5 hook portion 39a on the front side of the kicker 39 and
transfers the kicdkert@dre tawgasiny ior oty esyponm sig tang nexfigal iy nit
switch 38c. As a consequence, the |limt switch 38c is turned on, and

t hereby det ect stttmted he X itrsansfian aesriert pthahayEon et@hied, i.e., the
10 port cover 18 has reached the closing posjtion PB. On the other hand,
when the port cbvawosesl jthewsedt Fort 13RS ey e RTOPeTHRT ' Tl osi ng
position PBto the waiting position PA (in t?g casing 21), the limt

swit ches 38a td-aBke obbrafid HF¢ FREIFEF st° 15 from the extended state
of the arm 19 shown in FIGS. 6A and 6B, the.,fir rme 24 | ved
backward rel ative t ot PRUBFoki ARV 5P Ijeﬁe?i%sa%e?ngt’ h#lggeng%%n%%ﬁdgg
shown in FIGS. 6C and 6D, the o at } t i ment 24
engages th th %d”%%%kn%o?¥?%ﬁf§©bf%€ %%%k%e rQé?d2§%$ %ﬁ%ti%E%E%@SQ and
transfers the kickey., 39t I Lon r ongli thes g ntgs nedi at e
it oniteh aoBe A e e R D o B L T e 1 1 1 st
arm el enent 24 {]é“écPﬁ?&@ 25.dhen, the seeepperansvetement i@busedetative to
the first armelenent 24. novenment, as shown in FIGS. 5A and 5B, a
consequence, thﬁf@@é‘n@'@ﬁgchﬁﬁoﬂém@@iﬁgﬂuré nexedfbeskfbowihg dhtsofhe
operation 21 rod 41b of the second arm el enent 26 engages wth the hook
portion 39b on the reactsbfetabet hetkicligh BBeahdadrmostefsanéie kicker 39
to a position corresponding to the rear limt switch 38a. As a consequence,
the |im155 swithbr@8aliysatéentiingnthandrehetbpyeketevts Fast thh& second
arm el ement 26 has been contracted, i.e., the port cover 18 has re%gged t he

wai ting positiopuPpose, the shutter device 17 has a port cover 18
selectively opening and closing the load port 4.
The port cover 18 is supported at the distal end
of an extensible/contractible arm 19. The proximal
20 portion of the arm 19 is attached to the housing 2
through a support structure 20. The port cover 18 is
linearly moved by extension/contraction of the arm 19
between a closing position PB for closing the load port
4 and a waiting position PA laterally sifted therefrom.
25 At the waiting position PA, all of the port cover
18, the arm 19, and the driving parts of the arm 19

(which will be described later in detail) are encased



Next, an explanation will be given an operation of the shutter device 17
havi ng the structure described 10 above. In the regul ar operation, the
shutter device 17 is in a state where it does not interfere with | oading
and unl oadi ng of the wafer boat into and out of the heat-processing furnace
3. Specifically, the extensible/contractible arm19 is contracted to pl ace
15 the port cover 18 in the waiting positieon PA and thus it is tucked away
along with the port cover 18 in the casing 21. Wen the lid 6 is noved down
and opened by the elevator (elevating nechanisn) 11, i.e., the wafer boat

20 9 is unl oaded int.g.t rkinggareari@ abueknleat pr ogesshrgrivheodr m 19
of the shutterlgeei%gsagsigqegﬁengég to nove thegport cover 18 to the

cl osing positi%BeP@asﬁﬂﬁrQQYi%OW%hE&ga%@@ lvaad iporhed initkelr iblre offort cover
18. As a consequence, high tenperature heat 25 in the furnace is suppressed

in or preventedfiamy ,@wand oQuias e dri®edorkitey .ar #1GE0 (hrodgl eire | oad
port 4. 22 \Wen the shutter device 17 is subjected to maintenance
operations, the $erewectiecurfiast ameda weicthonal ttievwottesipesitdel3n to t he
front supports 20a to maintain the arm 19 horizontal. Then, the shutter 5
device 1% i s r eidieat tdasiiar drabduty teherestzflta tdprats e tvrexifed 56 ti on,
to an inclined state held by the stays 32. At this time, the arm19 is
preferably in twekior reacteed Gtaatce.Ca9oMev el - the arm 19 may remain ext ended
when shutter device 17 is inclined dommward, 10 as shawn i 4heV%en

the shutter device 1 fronh@peRNdowhiRa WA i He?Sp aet:‘%]rfc%‘?&f nt&hance
oherations on LIS SHATEE ot AT WP 56 1h s SR (L Vs, ST TS
T ear 1y moves e ol asnes HEE GTESHIS ot ety e P i deen the
Cherel Lo to GRHTETee The Toutt i eort Phrtg Toact /o e s

Accordingly, the coV. L S1 gasidygeont ret¢ed 7 nasd oppi & €ledi ons,
t her eby reduciﬁ%n$ﬁ%é¥i%%géeiggéary@?or openi ng and cl osi ng operations of

the shutter deVé&&&% .o Bpecifii Cathyr pbPEBGhY SDViNG theihgary poet cover
18 25 allows the port cover 18 to be noved in a shorter tinme (for exanple,

each of the cl ogipgeQPesatiosnandl opepiagenpesayasnfiakefrabobeing seconds)
and in a smaller 23 space, as conpared to noving the heavy port cover 18
by formed, although it is not airtight. A ventllation
15 opening 56 is also formed in a side (the left side in
FIGS. 7 and 8) of the working area 10 outside the
casing 21.
The openings 54 and 56 are connected to
a ventilation passage 62 including a duct 58 extending
20 along a side of the housing 2 of the apparatus 1. The
ventilation passage 62 extends at the bottom of the
housing 2 and is connected to a filter unit 68 thfough
a heat exchanger 64 and a fan (gas suction member) 66.
The filter unit 68 is disposed to face the working area
25 10 on a side of the housing 2 dpposite the duct 58.
Accordingly, the working area 10 is supplied with

a clean gas from the filter unit 68, utilizing the air



a swing notion. As a consequence, the vertical heat-processing apparatus 1
i nproves in throughput and reduces the space needed. 5 The port cover 18 is
provided with a water-cooling structure (cooling structure) in which the
cbol i ngwat er passage 33 for circulating cooling-water is formed.
Accordingly, the port cover 18 is suppressed in or prevented fromsuffering
thermal deformation or 10 thermal degradatgyon. In addition, the arm19 is
suppressed in or prevented fromsuffering thermal deformation or thernal
degradation due to heat conduction through the port cover 18. This

| ncreases the dynahi Iptr%d?fcetoh% R efand%‘@ ce the c]l%a-l:f‘%ha%r Mokthscan rotate

about a supporting portion at the proximal portion fromthe horizontal set

state to the maj ntenanck, Hats RaoMRIildy isrdanald ned dewiwey @1, and
Accordingly, the "port cover 18 or arm 19 can be readily subjected to

nai nt enance openiLRrdiel eihe Apdripiayisg drie Sperfatndd yon Wren t he
shutter device 17 is opened/closed, the controller controls reciprocation
of the second ajgpliaiendiddf rieltal itte texieaestf idwtt ditm elBrentlah garch
that it is perforned only when the first armelenent 24 25 is in the casing
21. Specid i cal lphusshered hendpdras coverrekB titse mhyvatd Foorig heetolwscdhdgoper at i on
fromthe waiting position PAto the closing position PB, the second arm

24 el ement 26 ithd i Fisttemved i ey, thmd ihett tean Mreduegdniy ditht 24 i s
noved forward. When the port cover 18 is npved for the openin ration
from the closi nEpipdsdt ish PR ol & HeS BRI RP PGS i§ 0P PRI TP qrer@ frms
element 24 is first_ noved backmard and then the second armelenent 26 is
noved backwar d. tﬁ?n%%%ﬁ?%nﬁﬁ%ﬁwﬁ prevents dust generated by sliding of the

19 f fl t k f
the outsi do i nto {nebabti ReFak! §r BhEt cds: ROE 21 0H oigh Tha'F rEntopening
52 of t 21, T t f
1 ovi ng BUL 1 niG WS vtk KPR S battD), HRYS et PRt | T < oeaT bl o Lo

brevent waf ers Jyhandd efhih 05,400kt Non 86 Send et iz bohigr CoBt et dagied 15

W th dust genera utter device 17. FIG 9 is a side view

schematically s@ggnggd@ iﬁgﬁiﬁ& g@vrC@h@cgggdfp@wtpGa@@@gefoﬁm@@dfﬂ@mt of
the present invention. is shutter device 17X includes a pushing mechani sm

42 for noving uphd PeFEiEOVERtdBtRé ZAsadel ©8i tige possingn2 PBlandudini ngi ng
it into close contact wth a |load port 4. The pushing nmechanism42 is
arranged t o novehé herpnttopeneng 182 upt abide doawingt 2gratedéytsi dhsthe
extensi bl e/contractible arm 19 as a whole. Also in this enbodi nent, the arm
19 extends 25 anfiivenpamtisles) | gerarélyedoie the pasingover f1gmto perform
openi ng and cl osi ng operations. Myvable frames 43 novabl e up_and do

25 respectivel yEhovaotedutointpatheoorkype area| éft EEBEbFS%aEéY'mﬁ Eh are

di sposed at the bottom of a base plate 8 one o ertggr sid f thg 5119.
The pushi ng necﬁﬁﬁFsﬁ§4gepﬁ€PE@€saEyPPﬁHeP§S4§ °t6 Fv@thg SRt E )

f 43. Th d I 22
e;?gﬁzrbIe/coﬁt%gggﬁgkﬁgﬁrgrfgcpg gé%ga#%§5g¥§ gép?ré FPygggFafable by
t he novabl e frane 4?3%& nggral%hgﬁiggﬁg TheALrgngoﬁggauggcghelgrgérnal

e a

arm el ement 22 W% Fy“Coninet
20 possible to prevent wafers W handled in the working

area 10 from being contaminated with dust generated in
the shutter device 17, when it operates in a manner
described later.
FIGS. 2 to 4 are a plan view, front view, and side
25 view, respectively, schematically showing the inner
structure of the shutter device 17. As shown in

FIGS. 2 to 4, the support structure 20 supporting the



10 novabl e franmes 43 by screws (not shown). Wen the arm 19 is tucked away
at a*waiting position PA (in a casing 21), it is set at a |ower position by
t he pushi ng nmechani sm 42. The arm 19 extends fromthis state to nove the
port cover 18 to 15 the closing position PB for the |load port 4. Then, the
pushi ng nmechanism 42 is activated to nove up the arm 19 and bring the port
cover 18 into close contact with the lip 9§ the |oad port 4, thereby
closing the |oad port 4. 20 As descri bed above, the shutter device 17X
shown in FIG 9 can provide the sane operation and effect as in the shutter

device 17 shown in_Fl. . (A Nelg hg oshul-heedeired t1 BXpipdeiredes the
pushi ng mechanF&MERS %Fﬁﬁgbgﬁgggﬁ%lgrﬁf 9 up and dghn, to nnvgbﬁp the 25

port cover 18 bring.it. i tach oy t h rhiae Jagad ogonti ght Aeoriaifitgl y,
t he port covertz%éi1 éaa? 3i :rteia%%u%%c%l ose the Ioadﬂport 4 to reliably prevent

heat from ZQfIfJnCEWs%p%littst BroeUGh & 18 de@pd pathie dotamth fofr thher kaldeow t he
interior of the furnace to be set at a pressure reduced state. The vertical

heat - pr ocessi n%lwrsa,t U@ aeer diuppdrtt @ dhe serfidogidreint & dasard @&d above
are exanpl es of an application of the present invention. The present

i nventiom may ke app iedhidimop 2erti cal heat - processi ng apparatus of anot her
type in the sane way. As a target substrate, a sem conductor wafer is
handl ed in the 10 erfttosliamnt k9 destra hecbsibeak. afhee breaitht24 nvehtSon is not
limted thereto, but nay be applied to a glass substrate or | CD substrate.
27 CL Al M S drm /A lamantcal iriestmendt vl Sy St us tord M2t essi ng

a plurality of target substrates all together, t appar at us_.co ising: 5
an airtight provessekergmer (EbhidyReEy %oel‘é‘?fb@m% at gﬂf%e Jt%?%e%g{

IR PN AR N TR T

10 through a linear guide 23, so that it is slidable in
the longitudinal direction. The second arm element 26
is disposed on the first arm element 24 through
a linear guide 25, so that it is slidable in the
longitudinal direction.

15 The first and second arm elements 24 and 26 are
moved back and forth by first and second cylinders 27
and 28, respectively. Each of the first and second
cylinders 27 and 28 is formed of so called a rod-less
cylinder. The rod-less cylinder includes a cylinder

20 tube 27a or 28a in which a piston with a magnet is
slidably inserted. A movable ring 27b or 28b with
a magnet is slidably fitted around the cylinder
tube 27a or 28a, so that it can move along with
the piston.

25 The first cylinder 27 is attached to the proximal

arm element 22, and the movable ring 27b is connected

to the first arm element 24. The second cylinder 28 is



10 a hol der configured to hold the target substrates stacked at intervals;
a supply section configured to supply a process gas into the process
chanber; an exhaust section configured to exhaust the 15 process chanber, a
heater configured to heat an atnosphere in the process chanber; an el evator
configured to nove the |lid up and down, along with the hol der placed

t hereon, which holds 20 the target substrages and a shutter device
configured to nask the | oad port after the target substrates are unl oaded
fromthe process chanber through the |oad port, the shutter device

conpri sing 25 3 Rark, GOVS! 1GANHiGUed o cIehibld val Y a5kt ridvaniead port

of the process chanber, an actuator including an

ext ensi bl e/ contract ibhhe i 5 28RBS WO et TRV RS drft@tpard. cover,
t he actuator being configured to linearly nove the port cover by the

ext ensi bl e/ contiiaCtjHt@nAldd RALaNgH1b:a 1 10%ri0 dlesidntonR X d laismdie | oad
port and a waiting 5 position laterally shifted fromthe cl osing position.

2. The verti caltedle HAORSS iPIG AP B alafimerpridienddidad aifmthe wherein the
ext ensi bl e/ contracti ble arm conprises a proximal portion and a plurality of
arm el ement s supporedlny Hhd e traoxipiE tepdt iaam del slmssriveldy t he port
cover, and the plurality of armelenments conprise a first arm el enent

reci procabl e relratliired @ldrg pridsh rdle portdnshi Ry o ke e neht
reciprocable relative to the first armelenent. 15 3. The vertica

heat - processi ng appatReckt beebkvi ighe cxFeaRsi2le Eractieleis et W m

el enent conprises a |inear quide, and th%Dsec nd arm el enent is. configured

to slide on thel§iHRROGHAYLBIANDELFEHACH AW ENAR 228 £°THe Verti cal
oot Brocess| N0, SORSLAL U5 A0 LI, LA o M RO
o oo Lo D Bl PPN Bl 0 2 et o
eXtenSible/Contfgcéé£|§éaéﬁl%éhé&pggf%ggnbg B9Fi zontal set state where
it moves between the closing position PB and waiting
position PA, and a maintenance state PC where it is
inclined for an operator to access it. More
15 specifically, the proximal portion of the proximal arm
element 22 is supported to be vertically rotatable, by
a shaft 31 at the lower end of the rear support 20b.
The bottom plate 30 is connected to the supports 20a
through links or stays 32. The stays 32 hold the arm
20 19 through the bottom plate 30, in the maintenance
state PC where the arm 19 is inclined downward.
The bottom plate 30 is fixed to the front supports
20a by screws (not shown) and held in a horizontal
state. When the screws are unfastened, the bottom
25 plate 30 is separated from the front supports 20a and
inclined downward. In this embodiment, the arm 19 and

bottom plate 30 are manually moved up and down by an



29 rotatable about an axis portion di sposed on a proximal side, and is

swi tchabl e between a set state to be noved between the cl osing position and
the waiting position and a mai ntenance state to be inclined dowmward. 5 6.
The vertical heat-processing apparatus according to claim 1, wherein the
shutter device further conprises a pushing nechani smconfigured to bring
the port cover into close contact with theyl oad port. 10 7. The verti cal
heat - pr ocessi ng apparatus according to claim®6, wherein the pushing
mechanismis configured to nove the extensible/contractible armas a whol e.

8. The vertical, hoaljy 9qessi, NG, APRAGALAS: HB-ARRONG NG LR iRl eaher ei n

the shutter device Further cdnprises a cool ant passage formed in the port

cover, and a syppl y, S4chi @ GORfHGUr el & 1SHRPlh A raeltHandY GHdie)cool ant
passage. 9. The vertical heat-processing apparatus 20 according to claim 2,

wherein the shutter @eyigs-{ Wdher OMY | S chedSINLIONIPEI e ded of
accommodate the port cover and the extensible/contractible arm such that
the waiting posiHd aidtsl agat e ithd heeward rgem 28 eh@®EntTHs verBieglort

heat - processi ng apparatus according to claim9, wherein the shutter device
further @onpri sesrexr cdantirolnate tdit e.ont,r dtianlesBeGtmslatansh of the
extensi bl e/contractible arm and the controller is arranged to perform
reci procati on afndhelesecont zematenier stetugiuee t Cahel g rstrugtied lonent
only when the first armelenent is in the casing. 5 11. The vertical

heat - pr ocessi ngirapparch us ceTbiTHR Y RITTAE Whetlei f the shtErC@fevi ce

further conprises a controller that controls, an eratjon of th
ext ensi bl e/ cont¥hkare bt EFHednd M%‘éajcdfﬂrﬂ‘%il}tert‘i?ge%ﬁjan%’é%e%%cﬁr?%a? . the
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0%& () - 10A&(9r d%:H¥W%HQ arm 19 from flowing out into the working
area 10.
5 More specifically, when the port cover 18 is moved

(for the closing operation) from the waiting position
PA (in the casing 21) to the closing position PB, the
second arm element 26 is first moved forward, as shown
in FIGS. 5A, 5B, 5C, and 5D, and then the first arm
10 element 24 is moved forward, as shown in FIGS. 6A
and 6B. On the other hand, when the port cover 18 is
moved (for the opening operation) from the closing
position PB to the waiting position PA (in the casing
21), the first arm element 24 is first moved backward,
- 15 as shown in FIGS. 6A, 6B, 6C, and 6D, and then the
second arm element 26 is moved backward, as shown in
FIGS. 5A and O5B.
Since the arm 19 is slid in the casing 21 for
extension and contraction, dust generated by the slide
20 is exhausted by a gas flow formed in the casing 21.
As a consequence, the dust is prevented from flowing
out into the working area 10.
Sensors are used to detect positions of the first
arm element 24 and second arm element 26 of the arm 19
25 in extension and contraction (i.e., stroke ends), in
the casing 21 where they are hardly affected by heat

from the load port 4. There should be as few sensors
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as possible. For this purpose, in this example,
three sensors, such as limit switches 38a, 38b, and
38c, are disposed on the proximal arm element 22, at
predetermined intervals in the longitudinal direction.
5 A kicker 39 is slidably disposed on the proximal
arm element 22 by a guide rail 40, to sequentially turn
on/off the limit switches 38a to 38c. The kicker 39 is
provided with hook portions 39a and 3% disposed
separately one on either of the front and rear sides.
10 The first and second arm elements 24 and 26 are
provided with operation rods 4la and 41b extending from
their sides to engage with the hook portions 39a and
39b, thereby operating the kicker 39.
For example, when the port cover 18 is moved for
15 the closing operation from the waiting position PA (in
the casing 21) to the closing position PB, the limit
switches 38a to 38c operate as follows. First, from
the contracted state of the arm 19 shown in FIGS. 5A
and 5B, the second arm element 26 is moved forward
20 relative to the first arm element 24. 1In this
movement, as shown in FIGS. 5C and 5D, the operation
rod 41b of the second arm element 26 engages with the
hook portion 3%9a on the front side of the kicker 39 and
transfers the kicker 39 to a position corresponding to
25 the intermediate limit switch 38b. As a consequence,
the limit switch 38b is turned on, and thereby detects

that the second arm element 26 has been extended.

F
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Then, the first arm element 24 is moved forward
relative to the proximal arm element 22. In this
movement, as shown in FIGS. 6A and 6B, the operation
rod 41b of the second arm element 26 engages with the
5 hook portion 39a on the front side of the kicker 39 and
transfers the kicker 39 to a position corresponding to
the front limit switch 38c. As a consequence, the
limit switch 38c is turned on, and thereby detects that
the first arm element 24 has been extended, i.e., the
10 port cover 18 has reached the closing position PB.

On the other hand, when the port cover 18 is moved
for the opening operation from the closing position PB
to the waiting position PA (in the casing 21), the
limit switches 38a to 38c operate as follows. First,

15 from the extended state of the arm 19 shown in FIGS. 6A
and 6B, the first arm element 24 is moved backward
relative to the proximal arm element 22. In this
movement, as shown in FIGS. 6C and 6D, the operation
rod 4la of the first arm element 24 engages with the

20 hook portion 39b on the rear side of the kicker 39 and
transfers the kicker 39 to a position corresponding to
the intermediate limit switch 38b. As a consequence,
the limit switch 38b is turned on, and thereby detects
that the first arm element 24 has been contracted.

25 Then, the second arm element 26 is moved backward
relative to the first arm element 24. In this

movement, as shown in FIGS. 5A and 5B, the operation
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rod 41b of the second arm element 26 engages with the
hook portion 39b on the rear side of the kicker 389 and
transfers the kicker 39 to a position corresponding to
the rear limit switch 38a. As a consedquence, the limit
5 switch 38a is turned on, and thereby detects that the
second arm element 26 has been contracted, i.e., the
port cover 18 has reached the waiting position PA.
Next, an explanation will be given an operation of
the shutter device 17 having the structure described
10 above. In the regular operation, the shutter device 17
is in a state where it does not interfere with loading
and unloading of the wafer boat into and out of the
heat-processing furnace 3. Specifically, the
extensible/contractible arm 19 is contracted to place
15 the port cover 18 in the waiting position PA, and thus
it is tucked away along with the port cover 18 in the
casing 21.
When the 1lid 6 is moved down and opened by the
elevator (elevating mechanism) 11, i.e., the wafer boat
20 9 is unloaded into the working area 10 after heat-
processing, the arm 19 of the shutter device 17 is
extended to move the port cover 18 to the closing
position PB, thereby covering the load port 4 with the
port cover 18. As a consequence, high temperature heat
25 in the furnace is suppressed in or prevented from
flowing out into the working area 10 through the load

port 4.
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to maintain the arm 19 horizontal. Then, the shutter

5 device 17 is rotated downward about the shaft 31 at the
proximal portion, to an inclined state held by the
stays 32. At this time, the arm 19 is preferably in
the contracted state. However, the arm 19 may remain
extended when shutter device 17 is inclined downward,

10 as shown in FIG. 4.

When the shutter device 17 is inclined downward,

a wide space for maintenance operations is formed above
the shutter device 17. Accordingly, maintenance
operations on the shutter device 17, such as those on

15 the port cover 18 and arm 19, can be readily performed.

The extensible/contractible arm 19 linearly moves

the port cover 18 of the shutter device 17 between the
closing position PB and the waiting position PA
laterally shifted therefrom, to open/close the load

20 port 4 of the reaction tube 5. Accordingly, the port
cover 18 is easily controlled in stopping actions,
théreby reducing the time necessary for opening and
closing operations of the shutter device 17.
Specifically, linearly moving the heavy port cover 18

25 allows the port cover 18 to be moved in a shorter time
(for example, each of the closing operation and opening

operation takes about 10 seconds) and in a smaller
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structure (cooling structure) in which the cooling-
water passage 33 for circulating cooling-water is
formed. Accordingly, the port cover 18 is suppressed
in or prevented from suffering thermal deformation or
10 thermal degradation. In addition, the arm 19 is
suppressed in or prevented from suffering thermal
deformation or thermal degradation due to heat
conduction through the port cover 18. This increases
the durability of the shutter device 17.
15 The arm 19 can rotate about a supporting portion
at the proximal portion from the horizontal set state
to the maintenance state PC where it is inclined
downward. Accordingly, the port cover 18 or arm 19 can
be readily subjected to maintenance operations, thereby
20 improving the operability.

When the shutter device 17 is opened/closed, the
controller controls reciprocation of the second arm
element 26 relative to the first arm element 24, such
that it is performed only when the first arm element 24

25 is in the casing 21. Specifically, when the port cover

18 is moved for the closing operation from the waiting

position PA to the closing position PB, the second arm
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109%& () - 10%&'g&nt¥ﬁéﬂént 24 is moved forward. When the port cover
18 is moved for the opening operation from the closing
position PB to the waiting position PA, the first arm
5 element 24 is first moved backward, and then the second
arm element 26 is moved backward. This arrangement
prevents dust generated by sliding of the arm 19 from
flowing out into the working area 10.
A gas flow is formed from the outside into the
10 inside of the casing 21 through the front opening 52 of
the casing 21. This prevents dust generated in the
casing 21 from flowing out into the working area 10.
As a consegquence, it is possible to prevent wafers W
handled in the working area 10 from being contaminated
15 with dust generated in the shutter device 17.

FIG. 9 is a side view schematically showing a
shutter device according to another embodiment of the
present invention. This shutter device 17X includes
a pushing mechanism 42 for moving up a port cover 18 at

20 a closing position PB and bringing it into close
contact with a load port 4. The pushing mechanism 42
is arranged to move the port cover 18 up and down
integratedly with the extensible/contractible arm 19 as
a whole. Also in this embodiment, the arm 19 extends

25 and contracts to linearly move the port cover 18 to
perform opening and closing operations.

Movable frames 43 movable up and down are
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supports 20, which are disposed at the bottom of a base
plate 8 one on either side of the arm 19. The pushing
mechanism 42 includes cylinders 42a to drive the

5 movable frames 43. The rear side of the proximal arm
element 22 of the extensible/contractible arm 19 is
supported to be vertically rotatable, by the movable
frames 43 through a shaft 44. The front side of the
proximal arm element 22 is detachably connected to the

10 movable frames 43 by screws (not shown).

When the arm 19 is tucked away at a waiting
position PA (in a casing 21), it is set at a lower
position by the pushing mechanism 42. The arm 19
extends from this state to move the port cover 18 to

15 the closing position PB for the load port 4. Then, the
pushing mechanism 42 is activated to move up the arm 19
and bring the port cover 18 into close contact with the
lip of the load port 4, thereby closing the load port
4,

20 As described above, the shutter device 17X shown
in FIG. 9 can provide the same operation and effect as
in the shutter device 17 shown in FIG. 4. 1In addition,
the shutter device 17X includes the pushing mechanism
42 for moving the arm 19 up and down, to move up the

25 port cover 18 to bring it into contact with the load
port 4. Accordingly, the port cover 18 can airtightly

close the load port 4 to reliably prevent heat from
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the interior of the furnace to be set at a pressure-
reduced state.

The vertical heat-processing apparatuses according
5 to the embodiments described above are examples of an
application of the present invention. The present
invention may be applied to a vertical heat-processing
apparatus of another type in the same way. As a target
substrate, a semiconductor wafer is handled in the
10 embodiments described above. The present invention is
not limited thereto, but may be applied to a glass

substrate or LCD substrate.
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1. A vertical heat-processing apparatus for
heat-processing a plurality of target substrates all
together, the apparatus comprising:

5 an airtight process chamber configured to
accommodate the target substrates, and having a load
port at a bottom;

a 1id configured to selectively open and close
the load port of the process chamber;
10 a holder configured to hold the target substrates
stacked at intervals;
a supply section configured to supply a process
gas into the process chamber;
an exhaust section configured to exhaust the
15 process chamber,
a heater configured to heat an atmosphere in the
process chamber;
an elevator configured to move the 1lid up and
down, along with the holder placed thereon, which holds
20 the target substrates; and
a shutter device configured to mask the load port
after the target substrates are unloaded from the
process chamber through the load port,
the shutter device comprising
25 a port cover configured to selectively closing the
load port of the process chamber, and

an actuator including an extensible/contractible
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arm thét supports and moves the port cover, the
actuator being configured to linearly move the port
cover by the extensible/contractible arm between a
closing position to close the load port and a waiting
5 position laterally shifted from the closing position.
2. The vertical heat-processing apparatus
according to claim 1, wherein the
extensible/contractible arm comprises a proximal
portion and a plurality of arm elements supported by

10 the proximal portion and supporting the port cover, and
the plurality of arm elements comprise a first arm
element reciprocable relative to the proximal portion
and a second arm element reciprocable relative to the
first arm element.

15 3. The vertical heat-processing apparatus
according to claim 2, wherein the first arm element
comprises a linear guide, and the second arm element is
configured to slide on the linear guide of the first
arm element.

20 4. The vertical heat-processing apparatus
according to claim 3, wherein the proximal portion
comprises a linear guide, and the first arm element is
configured to slide on the linear guide of the proximal
portion.

25 5. The vertical heat-processing apparatus
according to claim 1, wherein the

extensible/contractible arm is supported by and
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side, and is switchable between a set state to be moved
between the closing position and the waiting position
and a maintenance state to be inclined downward.

5 6. The vertical heat-processing apparatus
according to claim 1, wherein the shutter device
further comprises a pushing mechanism configured to
bring the port cover into close contact with the load
port.

iO 7. The vertical heat-processing apparatus
according to claim 6, wherein the pushing mechanism is
configured to move the extensible/contractible arm as
a whole.
8. The vertical heat-processing apparatus
15 according to claim 1, wherein the shutter device
further comprises a coolant passage formed in the port
cover, and a supply section configured to supply a
coolant into the coolant passage.
9. The vertical heat-processing apparatus
20 according to claim 2, wherein the shutter device
further comprises a casing configured to accommodate
the port cover and the extensible/contractible arm,
such that the waiting position is located in the
casing.
25 10. The vertical heat-processing apparatus
according to claim 9, wherein the shutter device

further comprises a controller that controls an
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second arm element relative to the first arm element
only when the first arm element is in the casing.

5 11. The vertical heat-processing apparatus
according to claim 9, wherein the shutter device
further comprises a controller that controls an
operation of the extensible/contractible arm, and the
controller is arranged such that: the first arm element

10 is moved forward after the second arm element is moved
forward when the port cover is moved from the waiting
position to the closing position; and the second arm
element is moved backward after the first arm element
is moved backward when the port cover is moved from the

15 closing position to the waiting position.

12, The vertical heat-processing apparatus
according to claim 9, wherein the casing comprises a
first opening formed in a first side of the casing
facing the closing position, and a second opening

20 formed in a second side of the casing different from
the first side, and the apparatus further comprises a
mechanism configured to form a gas flow flowing in
through the first opening and flowing out through the
second opening.

25 13. The vertical heat-processing apparatus
according to claim 12, wherein the second opening is

connected to a gas suction member through a duct.



