2 4 AUG 2006 *166166* D E S CRI1 P T 1 O N VERTI CAL HEAT_PRCCE??#BSZWG
APPARATUS 5 Technical Field The present invention relates to a v I
- heat- processing apparatus for heat-processing a plurality of target

substrates all together. Mre specifically, the present i i tes
to a vertical heat-processing 10 apparatus having an inpr OWWMMM ,ml
device, which is wused for masking the | oad port of a process C

after target substrates are unloaded fromthe process chanber.'®ff*a

typi cal case, a vertical heat-processing 15 apparatus according to the
present invention is incorporatgdeforcuserip @a segigonductor processing
system The term "sem conductor process” used herein includes various

ki nds of processes which are perforned to manufacture a sem conductor
device or a structure 20 having wiring |layers, electrodes, and the like to
be connected to a sem coVdRSIIGAL]EEATe PROCES SINCYMPPARAISSr at e, such as a
sem conduct or wafer or a glass substrate, by form ng sem conductor | ayers,
insulating |layers, and conductive layers in predeternm ned patterns 25 on

h r substrate. Background Art In the.process of manufacturin
geﬁiégng tor 9 Technicalngelg 9

The present invention relates to a vertical heat-
processing apparatus for heat-processing 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

I
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*@00002* 2 4 AUG 2006 2 devices, various sem conductor processing
apparatuses are used for performning processes, such as film depdsi AU®IP06
oxi dation, diffusion, reformation, annealing, and etching, on a target
substrate, such as 5 a sem conductor wafer. A vertical heat-processing
apparatus for sinultaneously heat-processing a nunber of wafers is known
as a processing apparatus of this kind. I general, a vertica

heat - processi ng apparatus 10 includes an airtight vertical process chanber
(reaction tube) configured to accommpdate wafers. A load port is forned
at the bottom afediteg)r seesswhadecoathdter peleeisisieldy appatradussd cl osed
by a lid, which is noved up and down by an elevator. In the process
chanber, is thenmafuerssl doer steadcathiatg ipdoeessles , i Buahhalsdégiloal | ed a waf er
boat. The wafer boat with the wafers held thereon is placed on the lid,
and | oaded and daHasdEdd®n i wixd d@td oy, o itifa siose e g fotramaidont hr ough t he | oad
port by the elevataor. 20 A shutter device is disposed bel ow the process
chamber to maskRHFELIRM F8% SHIPEPIhE™SF e T96At SURFTFGTCed SHFPt RE 1id is

unl oaded _t hrough the | o ort. The shutter device prevents hi.gh
tenperature he %%%ﬁﬁOﬁaj 19Tg "6UtS Tof &ﬂﬁ?&&@és%@ﬁéﬁﬁﬁPcﬁﬁﬁéﬁgh t he | oad

apparatus for simultaneously heat-processing a number
of wafers is known as a processing apparatus of this
kind.

In general, a vertical heat-processing apparatus

10 includes an airtight vertical process chamber (reaction
tube) configured to accommodate wafers. A load port is
formed at the bottom of the process chamber and is
selectively opened and closed by a lid, which is moved
up and down by an elevator. In the process chamber,

15 the wafers are stacked at intervals in a holder called
a wafer boat. The wafer boat with the wafers held
thereon is placed on the lid, and loaded and unloaded
into and from the process chamber through the load port
by the elevator.

20 A shutter device is disposed below the process
chamber to mask the load port after the wafer boat
supported on the lid is unloaded through the load port.
The shutter device prevents high temperature heat from
flowing out of the process chamber through the load

25 port and thermally affecting the area therebelow, when
the 1lid i1s opened.

FIG. 10 is a perspective view showing the



25 port and thermally affecting the area therebel ow, when the Igcl iAl?G 2006
opened. FIG 10 is a perspective view showing the 2 4 AUG 2006

-~ relationship between a conventional shutter device of this kind and a
process chanber (reaction tube). As shown in FIG 10, the shutter device
110 includes a port cover 118 for covering the |oad port 104 of a 5
process chamber 103. The port cover 118 iszattached to the distal end of a
hori zontal swing arm 116. The arm 116 can be horizontally swng and noved
up and down by a horizontal rotation drive 114 and an el evati ng nmechani sm

112 both di sposgd, iéﬁ&h%%&%ﬁ%?é&ﬂven@o 15§¥9]‘1‘€‘té!‘ftzﬁ%@j[éoé;'dd§ line

in FIG 10, when thé port" cover 8 is not used to close t port, it

is placed at a yRiLiROL@OShET Ootstesal tyambift edb{eomn thgdpad port 104.
When the port cover 118 is used to close the load port, the arm 116 is

hori zontal |y swh@vdSibyradouto f0tklegsieestéd dvecd hElPOIdcLoves 418 to a
position below the | oad port 104. Then, the arm 116 is noved up to bring

so as for the posttcovesr 1188t focotevernte tlost hedd wdit aned cdbse t he | oad
port 104. There is another exanple of a shutter device, in 20 which a port
cover is @attachedoctess hehailsenl l@hd ofha peettéeedr sl gl arat tacted Hown) .
In this case, the vertical swng armis vertically swng by a verti cal
rotation nmechantBen dispaseenatof he pebkepafiapotwinh.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 1s 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 1s 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.



The port cover is noved up by vertically swinging the 25 armto conme into
contact with and close the load port. |In the shutter device shoﬁh4MUGHM@
- 10, the arm 116 is horizontally swng to nove the port cover 118. 2 4 AUG
2006 4 The port cover 118 has a relatively high weight, which increases
the tine necessary for controlling the position of the port cover 118 in
the opening and closing operations, in thg shutter device shown in 5 FIG
10. For exanple, in the case of a vertical heat- processing apparatus for
waf ers of 12 inches, the closing operation takes about 25 seconds for

rotation of t%@rﬁeétlfic@«r@k abithes o a1 G wofi drie  vafitanl 16,

whi ch total around 27 seconds. A long 10 operation tinme of the shutter

device brings ahifedsd®Whd hfionghpdssdaury eyrmyentddld isigetnf the port
cover 118 has to be increased with an increase in the dianmeter of the
process chanberpositimecosfiarioe panth ddweer silA iof tkef exenisdgrard ngly, the
probl em nenti oned 15 above wi |l be aggravated for vertical heat-processing
appar at uses of a¥msirextoR@Rtiaton forthe ctesisn davdasershaameris

Di scl osure of Invention An object of the present invention is tqQ provide a
20 vertical hedtlPr ok®ssi iRy bt ds JtrhaJ%h%aFrﬁseﬁw&rﬁ é‘n "E%lqallnﬁler%cessar y

for the ope
for Lhe opening and ol 05 "L ORI AL oS Wlr& ST LY RS dderedy

closing operation takes about 25 seconds for rotation
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




‘Accordi ng an aspect of the present invention, there is provided a vertical
heat - processi ng apparatus 25 for heat-processing a plurality of? % augebos

- substrates all together, the apparatus conprising: an airtight process
chanber configured to 2 4 AUG 2006 5 accommobdate the target substrates,
and having a load port at a bottom a lid configured to selectively open
and close the |oad port of the process chanber; 5 a holder 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 confi gyadimedrusie tthegek0 QuRsess: chanel havhraterigenfi gured

to heat an atnosphere in the process chanber; an elevator configured to
move the |id upewd atlembottdamg Wi th the hol der placed thereon, which
holds 15 the target substrates; and a shutter device configured to nmask
the | oad port afterathidtesgeigstddttat esler el val pastesh farodn ¢hese prlocess
chanber through the |load port, the shutter device conprising 20 a port
cover configuredad ettt vely rtazd sy ermbenad port of the process

chanmber, and
5 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
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.




‘an actuator including an extensible/contractible armthat supports and
moves the port cover, the actuator being configured to |inearly 2pvwggt foes
. port 25 cover by the extensible/contractible armbetween a closing
position to close the load port and a waiting position laterally shifted
fromthe closing position. 2 4 AUG 2006 6 The vertical heat-processing
apparatus may be arranged in a formwheré n the extensible/contractible
arm conprises a proximl portion and a plurality of arm elenents supported
by the proximl portion and 5 supporting the port cover, and the plurality
of arm el enents coffpei yeraitaisheatnrpeberestingeepproesbsemnayebati ve to the
proxi mal portion and a second arm el enent reC|grocabIe relative to the
first arm el ememtran¥hd ¢ar & éarmheherpibcEbsi AY aﬁﬁabéﬁé§°ﬁﬁ§aﬁElﬁbﬁ
arranged in a formwherein the shutter device further rpses_a casing
configured to a&BoRABRALESEHA BéPFlméév@Préhantﬁ@deitQﬁEFB SF¥oRf rattibl e

arm such that _the extensiblel/co tible armis t cked a in the
casing at the ﬁé?@?ﬁ&spSEPPPBE d g vBF?F&Qghhggf bPBngga%g appar at us

oy B8 "arranast i o, Lo angten s Shutket deuoe furiier soprir s o

controll eratron of ext nsi ontractible arm
and the controlhghehts @phRged bOsBeLLoLEN BebReatatibelpebckBeesecond arm

20 el enent rel ative to the irst armelenment only wh
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



first armelenent is in the casing. The vertical heat-processing apparatus
may be arranged in a formwherein the casing conprises a first 40 5

- formed in a first side of the casing facing the 25 closing pos?tﬂ@ﬁ? @ﬁd a
second opening fornmed in a second side of the casing different fromthe
first side, and the apparatus further conprises a nmechanism2 4 AUG 2006

7 configured to forma gas flow flowing ir7through the first opening and
fl ow ng out through the second opening. Brief Description of Drawings 5
FIG 1 is a structural view schematically showng a vertical

heat - processi NIy AlddS tac Tt rg dae d@l oweflodiimenti roft Hrieegpr ehent
invention; FIG 2 is a plan view schematically showing the inner structure
of a shutter deMdirce ugething tamel 0 cappar s thhromgh the GecbpdFI G 3 is a
front view schematically show ng the inner structure of the shutter device
shown in FIG 2Zperfin@. 4 is a side view schematically showi ng the inner
structure of the shutter device shown in FIG 2; 15 FIGS. '5A and 5B-are a
plan view and a side view, BEsHecReIRTIPLAD (He RFAKNIFS devi ce shown in

FIG 2, in a state (tuck-away state) where first .and ,second arm .el ements
are contracted; Fl GSE.(I%C L 5D ! tlbqaﬁn A Sy SERFNR TS rH\Xéw,o"“ng

a vertical heat-processing apparatus according to an
embodiment of the present invention;
FIG. 2 is a plan view schematically showing the
inner structure of a shutter device used in the
10 apparatus shown in FIG. 1;
FIG. 3 is a front view schematically showing the
inner structure of the shutter device shown in FIG. 2;
FIG. 4 is a side view schematically showing the
inner structure of the shutter device shown in FIG. 2;
15 FIGS. 5A and 5B are a plan view and a side view,
respectively, of the shutter device shown in FIG. 2, in
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




20 respectively, of the shutter device shown in FIG 2, in a state where
only the second armelenent is extended; FIGS. 6A and 6B are a 142 AUG | 2836
-and a side view, respectively, of the shutter device shown in FIG 2, in
a state (extension state) where the first and second 25 armelenents are
extended; FIGS. 6C and 6D are a plan view and a side view, respectively,
of the shutter device shown in FIG 2, in& 4 AUG 2006 state where only
the first armelenent is contracted; FIG 7 is a perspective view
schemati cal |y show ng ventilation structure for the working area of the
appar at us showa istafleGwhkres obll@ the & iasteetrimordlemendw isc vomdttacikty
showing the ventilation structure for the working area of the apparatus
shown in FIG 1; FIGI® ik iz o dendreetsiorentitgw sldhemstiowiald va shominger
devi ce according to another enbodi ment of the 10 present invention; and
FIG 10 is a per Sadtiilad ipne idweRurg tiee thel HOrEasl pset weerrhg
conventional shutter device and a _process chanber in a vertical

heat - pr ocessi n@PREFFdE FEOVE5 1BedttQvbde for Carrying Qut the Invention

etorence to the  aCkompnying AL 11 She TG edtripeeon.
; et n, the
constituent el ear{leem\ﬁern:%.\ﬁ.iarlq_o%u%scw&é yfc;[lhech%a%rking area of the
apparatus shown in FIG. 1;
FIG. 9 is a side view schematically showing a
shutter device according to another embodiment of the
10 present invention; and
FIG. 10 is a perspective view showing the
relationship between a conventional shutter device and
a process chamber in a vertical heat-processing
apparatus.
15 Best Mode for Carrying Out the Invention
Embodiments of the present invention will be
described hereinafter with reference to the
accompanying drawings. In the following description,
the 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



20 function and arrangenent are denoted by the same reference nunerals,
and a repetitive description will be made only when necessary2 4FAUG 2Wbi s a
- structural view schematically showing a vertical heat-processi ng apparatus
according to an 25 enbodi nent of the present invention. As shown in FIG

1, the shell of the vertical heat-processing apparatus 1 is forned of a
housing 2. A vertical 2 4 AUG 2006 9 heats processing furnace 3 is disposed
at an upper position in the housing 2, and is used for performng a
predet erm ned process, such as an oxidation process, on a plurality of
target substrahest-pueheasifgnraonduet or is WwakebseM athenhepbepr ocessi ng
furnace 3 includes a vertically |long process chanber, such as a quartz
reaction tube bpswhioh hasthe bpening ai thd het heada$orapkpédrpong 4. The
| oad port 4 of the reaction tube (process 10 chanber) 5 is selectively
opened and cl opggdejeamingdoproghfeh s¥Choeabbs opldatidpwaroThss)ions is
arranged to cone_into contact with the lip of the |oad port 4 to
airtightly cl o3ePiH&aléhy péritargeh GHPEELTBEEE, 9SHSh AFspeBedoBAUEhRer|id 6,
for holding a plurality of 15 wafers Win,a state where they are stacked at
intervals. A r@?é??énwmcﬁaﬁi 8RAYIRIPSCdPipEs EHIBRFBW %ﬂ%l\gija%, for

rotating the wafer boat %- % heater 7 is giﬁgosed argund t he re%ction t ube
5. a vertical Y ong process cha er, suc asS a Jquartz

reaction tube 5, which has an opening at the bottom as
a load port 4.
The load port 4 of the reaction tube (process
10 chamber) 5 is selectively opened and closed by a lid 6,
which is movable up and down. The lid 6 is arranged to
come into contact with the lip of the load port 4 to
airtightly clese the load port 4. A wafer boat 9 is
disposed on the lid 6, for holding a plurality of
15 wafers W in a state where they are stacked at
intervals. A rotation mechanism 1lla is disposed below
the 1lid 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 atmosphere in
20 the reaction tube (process chamber) 5 to a
predetermined temperature, such as 300 to 1,200C.
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.



The heater 7 is controlled to heat the atnosphere in 20 the reaction tube
(process chanber) 5 to a predeterm ned tenperature, such as 300 tAUE 260C.
- The reaction tube is connected to a gas supply section GS including a
plurality of gas feed Iines 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. 2 4 AUG 2006 10 Wien wafers Ware processed in the
reaction tube 5, they are held in a horizontal state and stacked at

intervals by the wafifeboddr s Theamafmfodaded imctnglase £ wiuat tudwat body
9a configured to hold 5 a nunber of, e.g., 25 to 150, wafers Whaving a

| arge di anet er5,0fthesr ;ire I dmin Ehéndrdatortiedy Gmeties ampt edadeckdMath a | eg
portion 9b at the bottom which is fornmed integratedly with the boat body
9a. The leg pantienveadls iy ddmectied twathe r otTdtd ovefleshafat & 10 a
rotati on mechanism lla attached to the Iid 6 to rotate the wafers Win the
angul ar di r ect iigywlualdfeat | Fip T fRafits facsty t%r%ﬂwq%ltﬁ ib(‘Rj-dCW i nder

(not shown) is further disposed on the lid 6. A base plate de of, e.g.,
stai nl ess st eel? iBMREE Ry Forital 13P aFrOralrﬁjb'd waf $%e thl?s‘flr@ £ (13596t al |
the reaction tupe 5 and h ater 7 stltutl t ea ocessi ng furnace
3. The base pl %?3?? f %&% fﬁ% boattko&ylaé 18

provided with a leg portion 9b at the bottom, which is
formed integratedly with the boat body %a. The leg
portion 9b is connected to the rotational shaft of
10 a rotation mechanism lla attached to the 1lid 6 to
rotate the wafers W in the angular direction.
A heating mechanism or thermally insulating cylinder
(not shown) is further disposed on the 1id 6.
A base plate 8 made of, e.g., stainless steel is
15 horizontally arranged in the housing 2 to install
the reaction tube 5 and heater 7 constituting the
heat-processing furnace 3. The base plate 8 is
provided with an opening (not shown) formed therein,
into which the reaction tube 5 i1s 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.



provided with an opening (not shown) formed therein, into which the
reaction tube 5 is inserted frombelow. 20 The reaction tube 5 2haauamoos
-outward flange at the bottom which is held by the base plate 8 through a
fl ange hol der. The reaction tube 5 is detachable downward fromthe base
plate 6, for cleaning and so forth. 25 The housing 2 contains a working
area (loading area) 10 bel ow the heat-pragessing furnace 3, for
transferring wafers Wto and fromthe wafer boat 9. 2 4 AUG 2006 An

el evating mechani sm (el evator) 11 is disposed in the working area 10 to

nmove the |id 6 Ap &nd L0 \Mg Hanide ermewitdhe el evatdrsglsddatn supports
the lid 6 is shown in Fl The wafer boat 9 is noved 5 between the

wor ki ng area 1Grandvgeaiaid anréaubl&) S doymotehertad eviad of il ,anahidaevri t i s
supported on the lid 6. In other words, the wafer boat 9 is | oaded and

unl oaded to antbrIypmicheameact itdre talmvaddy thetled evautpporltls tha able 13 is
di sposed on the front side of the 10 housing 2, for placing a plurality of
carriers (or Ccassedtiss)shiwrealoh Bldnd |1du-r edhe vaine hefters W T¥EE of the
carriers 12 can store a plurality of, e.g., about 25, wafers. Each carrier
12 is forired asPeiest tilghtwarlahg ealfr%riltoalaﬁéjr TSP hadRe 13 PY not 15

shown) on the front side. A tabl ort, structure 13a.is spase nsi de the
front of the wovk§ rif &L a0 L 4 N%]S]f%c*%glsa THRIGEG PR LR <.

In other words, the wafer boat 9 is loaded and unloaded
to and from the reaction tube 5 by the elevator 11.
A table 13 is disposed 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 can store a plurality of, e.g.,
about 25, wafers. Each carrier 12 is formed as
an airtight transfer container, which has a lid (not

15 shown) on 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 1lid 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.



thereon and bringing the entrance of the carrier 12 into cont %%Mc{]gmghe
wor king area 10 side. A port is 20 formed in the partition bet

- working area 10 and table-port structure 13a, and configured to be
opened/ cl osed by a door 14. The door 14 is provided wth a nechanismfor
attaching and detaching the lid of the carrier 12. The door 14 is al so
provided with 25 replacing nmeans (not showp disposed near it, for

repl aci ng the atnmosphere in the carrier 12 placed on the table-port
structure 13a with an inactive gas. 2 4 AUG 2006 12 A transfer device 15

is disposed in the werkingsrafede+dcef 05 152885565080 MfRE Sw¥betiyeen the
carrier 12 and wafer boat 9. Storage shelves 16 are di sposed outside and

above the frontaeéathe, WsKitgaes eardlng Swi DEr SUIOrHGvd a® €10 réerfisieat two
positions vertically arrayed. A transfer device (not shown) is also

di sposed there,12 candremséerbvoaty 2arrieosapetsieelvedel 6 tabé edilS@atl st or age
shel ves 16. A shutter device 17 is disposed at the top inside 10 the
wor ki ng area 10¢utsidenmskd ngpone thadfport 4f e Wwehieing davea sl@et ached
fromthe | oad port 4 of the reaction tube 5. The shutter device 17 is used
for preventingf®f ghteehp@rafr @2 Feher § ratn FWourdRy blrnofveXhecCaehtt i on

tube 5 through the |l oad port 4 apd is thermll ffecting the area
t her ebel ow. For2¥Rr¥edpurposeaniher s %Y{%?ng%Qgc%hﬁﬁn%a%gaa Pt cover 18

for disposed there, for transferring carriers between the
table 13 and storage shelves 16.
A shutter device 17 is disposed at the top inside
10 the working area 10, for masking the load port 4 when
the 1lid 6 is detached from the load port 4 of the
reaction tube 5. The shutter device 17 is used for
preventing high temperature heat from flowing out of
the reaction tube 5 through the load port 4 and
15 thermally affecting the area therebelow. For this
purpose, the shutter device 17 has a port cover 18 for
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



sel ectively opening and closing the | oad port 4. The port cover 18 is
supported at the distal end of an extensible/contractible arm19. The
- proximal 20 portion of the arm 19 is attached to the housing 2 the éuAe 2006
support structure 20. The port cover 18 is |linearly noved by
extension/contraction of the arm19 between a closing position PB for
closing the load port 4 and a waiting po$Btion 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 arm19 (which will be described |ater
in detail) areieneasediqgd 2AUGE12@A6 tol3hen haucdnign§ .21 Thiex éd ttear iblre ofiousi ng
2. The interior of the casing 21 is ventilated wthin the interior of
wor ki ng area l@heasadesgr i2Bed sl aeartilRltE@8 withid 8her énterjerspdcti ve vi ew
and a sectional view, respectively, 5 schematically show ng a ventilation
structure for weEkimer kireg é@eaaﬁodﬁﬁ§nﬁbﬁ4u}@ZFr A FL&St- %p@@ﬂn@ §Zehavi ng
a size that allows the port cover 18 and arm 1 QFSS t heret hrugh is
formed in theasP@és@@cFH§EC§§@Wga?f'@a§Qﬁfhﬂ%§ W&?lmg lWegﬁ 'PB. A
venti | ation openi n( or ned anot i.de he | eft n FIGS. 7
and 8) of the 5€ 1§filfh§h8ﬁﬁgﬂ ﬁorﬁ?gﬁé %ﬁ Ph%kfgftﬁﬁez%Béfgh cl osed
to essentlallyw%.%K% X aﬁdﬂéﬁg1gﬁggéya% } formed, although it is not

is al'so

airtight. A ventilatidon openi ng formed in a side (the left
side in A front opening 52 having a size that allows the

port cover 18 and arm 19 to pass therethrough is formed
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
formed, although it is not airtight. A ventilation
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 through
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 opposite the duct 58.
Accordingly, the working area 10 is supplied with

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



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 adugis 5s

- extending 20 along a side of the housing 2 of the apparatus 1. The
ventil ati on passage 62 extends at the bottomof the housing 2 and is
connected to a filter unit 68 through a heat exchanger 64 and a fan (gas
suction nenber) 66. The filter unit 68 ig34di sposed to face the working
area 25 10 on a side of the housing 2 opposite the duct 58. Accordingly,
the working area 10 is supplied with a clean gas fromthe filter unit 68,

utilizing the aiurchnft 206 byl 4 st rreamqe odugrd Qe dhedsardits The cl ean
gas forns a gas flow FGin the working area 10 and casing 21, and flows

t hrough the openigigs Hbwarrs S the med kimd heresodiosirice crisdeng i21t,0 anlde
exhaust duct 58. The clean gas 5 thus used and has entered the duct 58 is
returned to tHedwd terramght B8 patiengs rS4tarshrh r dadueesd o tthe  fan 66,
so that it is recycled after being cleaned by the filter unit 68.

Particul | arly, qraasidgfe tHedel dar-aithe |[ghaustt sudte 980 d&s g 2P Ffough
the front opening 52 of the casing 21, and then flows out into the exhaust

duct 58 tthr ougithushelssHeghehFHLr ethed LU ow FE S MEEWRSHRIS rom the

?Eési;ggi Ingt (2)1t %gﬁﬂ%e%olqﬁime é:BasDiyngchzel a;[ihrr OSL{%hean'{ riberofc{uocnetd %Dyerl:ihneg 52 of
fan 66, so that it is recycled after being cleaned by
the filter unit 68.
Particularly, part of the clean air flows into the

10 casing 21 through the front opening 52 of the casing
21, and then flows out into the exhaust duct 58 through
the side opening 54. The gas flow FG thus formed from
the outside into the inside of the casing 21 through
the front opening 52 of the casing 21 prevents dust

15 (fine particles) generated in the casing 21 from
flowing out into the working area 10 (particularly, the
dust is generated at portions where the arm elements of
the extensible/contractible arm 19 come into contact
with each other in sliding). As a consegquence, it is

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



is (fine particles) generated in the casing 21 from flowing ouf into the
worki ng area 10 (particularly, the dust is generated at portiof$ Ae286t he
-armelenents of the extensible/contractible arm 19 cone into contact wth
each other in sliding). As a consequence, it is 20 possible to prevent
wafers Whandled in the working area 10 from being contam nated with dust
generated in the shutter device 17, whenlbt operates in a nmanner

described later. FIGS. 2 to 4 are a plan view, front view, and side 25
view, respectively, schematically show ng,the inner structure of the

shutter device gkferAS IROWBNtT ItGH1e2 artn 4.9 tilie ISigERorirosity wuipoe t20
supporting the 2 4 AUG 2006 extensible/contractible arm 19 includes front

supports 20a ath andca rasppantpdy. Zhke pdihe gfaim ght At efid lerfdnt
supports 20a are fixed to the bottomof the base plate 8 The rear support
20b is fixed t ity awpRat® (0a keehdusiasy t2 thee kathor afaghe pessi nal
armelenent 22, first armelenent (internediate armel enent) 24, and
second arm el eneatte (& stTie H9RelBRANDE 20P firie Fixed W A TEe8%erst 24 s
di sposed on the proximal arm el enent 22 10 through a |inear guide 23, so
that it i% slidﬁﬁféhq W59 drigi t udi nal direction. The second arm el ement

20 £, ClSPosed on e, (L5 LS STENL, 444 A Auliio, e 25, o0
arm element (intermediate arm element) 24, and second
arm element (distal arm element) 26. The first arm
element 24 is disposed on the proximal arm element 22

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 1is



is The first and second armel enents 24 and 26 are noved back and forth by
first and second cylinders 27 and 28, respectively. Each of the@ & Augt2omnd
- second «cylinders.27 and 28 is formed of so called a rod-less cylinder.
The rod-1ess 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 is slidably fitted around the cyliiender tube 27a or 28a, so that
it can nove along with the piston. 25 The first cylinder 27 is attached to
the proximal armelenent 22, and the novable ring 27b i's connected to the

first arm el emec 2hedTh® 0RO it idWdere 128ndr 24 Arld GR0GGvall eat t ached
to the first armelenent 24, and the novable ring 28b is connected to the

second arm el eneinig 28b {Ehedmidamnditd ithegprasdoaml ammelenertt 22 s
attached to the bottomplate 30 defining the bottomof the 5 casing 21.
The bottom pl atEhe8®haarmnbe fseltectonmiymali roin reelderedrong? 2ni itsh atferched
extensi bl e/contractible arm 19. Specifically, the extensible/contractible
arm 19 i s suppdra édhepypdifePm grla | X0 dlinigy Hhs Jortqrorrt ditsposed on the
proxi mal side, as shown in FIG. 4. 10 Wth this arrange nt,_téx;

ext ensi bl%/ contG&EEM DI ar MR PIHPTHE RS cHeF B RE et EHOSoht al  set

siate oo 11, es. DEESD HIE Lot IR BSOS SR AL IS 1, Pt 1o

Specifically, the extensible/contractible arm 19
is supported by and rotatable about an axis portion
disposed on the proximal side, as shown in FIG. 4.

10 With this arrangement, the extensible/contractible arm
19 can be switched between a horizontal 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 18 and

bottom plate 30 are manually moved up and down by an



inclined for an operator to access it. Mdire is specifically, the proxinmal
portion of the proximal arm element 22 is supported to be vertizaldyg 2006
-rotatable, by a shaft 31 at the | ower end of the rear support 20b. %
bottom plate 30 is connected to the supports 20a through |inks or stays
32. The stays 32 hold the arm 20 19 through the bottomplate 30, in the

mai nt enance state PC where the arm 19 isl¥nclined dowward. The bottom
plate 30 is fixed to the front supports 20a by screws (not shown) and held
in a horizontal state. Wen the screws are unfastened, the bottom 25 pl ate
30 i s separat edpkiamorhe if. eOnt thepphnts e20aeatde iLficksnedvdawbwawdenl n this
enbodi nent, the arm 19 and bottomplate 30 are manual |y noved up and down
by an 2 4 AUG 20@6notRadpéevatiapntelesett beaskubner mdénitepabei staveed
between the normal horizontal set state and mai ntenance state). The port
cover 18 is attachedheopctid @oyer §ﬁdésoﬁiﬂW@h@ﬁb¢@It@ﬁdU@Peﬁhélﬁéc@ﬁd arm
el ement 26. The port 5 cover 18 is made o o stalnless steel, and

i ncl udes a wat &hec8disitag §P@u@€u¢§e(é€§PPﬁga§@rGé@@?@? 26j.n WAECROAT
cool i ng-wat er passage 33 of a heli hape i s forne Met al

|
conduit Pubes §@V@%téﬁdlﬁr8ﬁ9§ %§Vd§ 8f'tﬁ§a§8§5ﬁ8 SEReer efBft 26 and

h 10 th I h
Feat-res: Stant "4 e FoPE EOnAICt PEbes 138 ke 608" R EeR (T

are connected LR h%ﬁc%pgd%bblﬁﬂge§ater passage 33 of, e.g., a helical

shape 1s formed. Metal conduit tubes 34 extend from a
side of the second arm element 26 and communicate with
10 the cooling-water passage 33 in the port cover 18.
Heat-resistant and flexible conduit tubes 35 made oI,
e.g., teflon (TM) are connected to the conduit tubes
34, and are led toward the casing 21.
A distal end cover 36 is disposed next to the
15 distal ends of the conduit tubes 34 to protect the
conduit tubes 35 from heat emitted from the load port
4, An intermediate cover 37 having a U-shape in the
cross—-section is disposed on one side of the first arm
element 24 to allow the distal end cover 36 to move.
20 A tube bearing 38 is arranged to guide a flexible tube
for supplying a pressurized gas to the second cylinder
28, so that it is not slack.
When the shutter device 17 is opened/closed, the
extensible/contractible arm 19 is controlled in, e.qg.,
25 sequential control by a controller. The controller
controls reciprocation of the second arm element 26

relative to the first arm element 24, such that it is



34, and are led toward the casing 21. A distal end cover 36 is disposed
next to the is distal ends of the conduit tubes 34 to protect t2e: AUGNIIG t
- tubes 35 fromheat enmtted fromthe |load port 4. An internediate cover 37
having a U-shape in the cross-section is disposed on one side of the first
arm elenment 24 to allow the distal end cover 36 to nove. 20 A tube bearing
38 is arranged to guide a flexible tube fl8r supplying a pressurized gas to
the second cylinder 28, so that it is.not slack. Wen the shutter device
17 is opened/closed, the extensible/contractible arm19 is controlled in,
e.g., 25 sequeidrdfirmeantordly yhen adrd rinldsr .arbhes leordrtold4eri caint ridles

reci procation of the second armelenent 26 relative to the first arm

el enent 24, suctadgihay 3. i TP o1 sAUIGIRGGGN T S perdrdrsreth sonlgendst eché f i r st
armelenent 24 is in the casing 21. This arrangenent prevents dust
generated by siliidie off ttee amn 1P fhrom fTlowing cutt imte thhe iy area
10. 5 More specifically, when the port cover 18 is noved (for the closing
operation) frora%4fe Maiting position PA (in the casing 21) to the closing

iti PB, th d t 26 i fi t d f d h
POH GS A 5B, 5C UG SHFCOhPTnen (S TES BT TP eTentht 24 Ehoved
forward, as shown in Fl G5 6A ; AL.ER; QY thepther fand,, yher the port

cover 18 is
PA (in the casing 21) to the closing position PB, the

second arm element 26 is first moved forward, as shown
in FIGS. 57, 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 5B.
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



noved (for the

openi ng operation) fromthe closing position PBto the

wai ting position PA (in the casing 21), the first arm el ement 24 |s fi

- moved backward,

.15 as shown in FIGS. 6A, 6B, 6C, and 6D, and th

second arn1e|enent 26 i s noved backward, as shown in FIGS. SA and SB

Since the arm19 is slid in the casing 21 for

dust generated

el ement 24 and
contraction (i

Ag 2008

ext ensi on and contracti on,

by the slide 20 is exhaustied by a gas flow formed in the
casing 21. As a consequence, the dust is prevented fromflowing out into
the working area 10. Sensors are used to detect positions of the first

§§qgﬂg5§5péeleﬁgpttg$5qgufﬁgégrnléga%g§ é{a ign5|on and

are hardly

., Sstroke ends), In the casing 21

arm

affected by heathrdd osehders pagudords 4 idher swshodd Hg, assdw msors 2 4
AUG 2006 19 as possible. For this purpose, in this exanple t hree

sensors, such a¥8d, mite sid sshesd 38a, t138bpr @0thna B8erm a¢ el SPOsEd H0 t he

proxinal armelenent 22, at predetermned intervals in the |ongitudinal

direction. 5 Akiakere:3finsd sintabval i Sposled bondheudimxi il re@t iwrel enent
22 by a guide rail 40, to sequentially turn on/off the limt swtches
to 38c. The kicker 38 kickerodPdes sviidahbokdpsposensoBdtharnmrd9imall sposed

separately one

on either of the front and rear sides. 10 The first and

second arm el erfiiit £emepl 2% QY2 guide rail 40, to sequentially turn

10

15

20

25

on/off the limit switches 38a to 38c. The kicker 39 is
provided with hook portions 3%9a and 39 disposed
separately one on either of the front and rear sides.
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
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
relative to the first arm element 24. 1In this
movement, as shown in FIGS. 5C and 5D, the operation
rod 41lb of the second arm element 26 engages with the
hook portion 39a on the front 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 second arm element 26 has been extended.

38a




provided with operation rods 4la and 41b extendi ng from

engage with the hook portions 39a and 39b, thereby operating
- 39. For exanple, when the port cover 18 is noved for is the

their sides to

b3l At

operation fromthe waiting position PA (in the casing 21) to the closing
position PB, the limt switches 38a to 38c operate as follows. First, from

the contracted state of the arm 19 shown pp FIGS. SA and 5B,

t he second

armelement 26 is noved forward 20 relative to the first armelenent 24. In
this novenent, as shown in FIGS. SC and 5D, the operation rod
second arm el enent 26, fN0agas Middr then d1eekeriordd ons IR an tdwevddont si de
of the kicker 39 and transfers the kicker 39 to a position correspondi ng
to 25 the interrmEditatve [Homtthes widscima38larmis lemeors&fiencs thilse |imt
switch 38b is turned on, and thereby detects that the second arm el enent
26 has been extmendechnt?, AsAUGEWS irPFINTen, 6 ked 6Bt Hrenagdesadnion24 i s

noved forward relative to the proxinmal armelenent 22.

In this

41b of the

novenent ,

as shown in Fl G2d ddkarmf 6he tdrcwpkraat ¢l enedd £ eigadns seddndher m
el ement 26 engages with the 5 hook portion 39a on the fraont side of the

ki cker 3% and hadhgIatsiahe’dd Kertis Fond fosle ion & re<H6Hdis

r

i
38
N R e ik

front limt switch 38c. a.co sng% ce, the Jlimt switch

on, and t her eby- RRTES t K
i.e., the

the front limit switch 38c. As a consequence, th

gafd the
is turned

nékt-ended,

e

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), th

limit switches 38a to 38c operate as follows. Fi

e

rst,

15 from the extended state of the arm 19 shown in FIGS. 6A

and 6B, the first arm element 24 1s 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 39 on the rear side of the kicker 39 and

25

transfers the kicker 39 to a position corresponding to
the intermediate limit switch 38b. As a conseguence,
the limit switch 38b is turned on, and thereby detects
that the first arm element 24 has been contracted.
Then, the second arm element 26 is moved backward
relative to the first arm element 24. 1In this

movement, as shown in FIGS. 5A and 5B, the operation



10 port cover 18 has reached the closing position PB. On the other hand,
when the port cover 18 is noved for the opening operation frogutﬂﬁ;Q@BS|ng
- position PB to the waiting position PA (in the casing 21), the

switches 38a to 38c operate as follows. First, is fromthe extended state
of the arm 19 shown in FIGS. 6A and 6B, the first armelenent 24 is moved
backward relative to the proximal armeleamwent 22. In this novenent, as
shown in FIGS. 6C and 6D, the operation rod 4la of the first arm el enent
24 engages with the 20 hook portion 39b on the rear side of the kicker 39

and transfers the kigker B tecoR@sithonleRefesPONEhiggéd witle the
internmediate limt switch 38b. As a consequence, the [imt switch 38b is

turned on, and hbekebyrtedecisb dhaths heedirsidarof etieaekicRdrhag deen
contracted. 25 Then, the second armelenent 26 is noved backward relative
to the first aroreshefrens 2de kickdr s39nbeeaentsihsoshoonresp&h@&Brg o and
SB, the operation 2 4 AUG 2006 21 rod 41b of the second arm el enent 26
engages Wt h thehehpekrpbinibns@dbchhn38ae rbarasceesefuenecki kerlBviand
transfers_the kicker 39 to a position corresponding to the rear limt
switch 38a. As avWibrledfente, Lereedi Rt sndwrheheBBadeseehFnEB@bntPand

thereby detects_that .th | t 26 h { d, i.e.,
he port cover SA8oNASA FRAEhERoT het Beth e PBereT bR BROONGR T & ance

expl anati on mjlﬁopg gLyeP 2B QPETALLON8f 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 lid 6 i1s 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.



the shutter device 17 having the structure described 10 above. In the

regul ar operation, the shutter device 17 is in a state where it2 g8 2008
-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 is the port cover 18 in the waiting position PA
and thus it is tucked away along with theport cover 18 in the casing 21.
When the lid 6 is noved 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 procesghag, thdes@idd @éviag §1_7|u_1§e§u1gl§g&@@d1€oi S ex_tended
to nove the port cover 18 to the closing position PB, thereby covering the

| oad port 4 w tiaimeenfocé ceoamedt ildhs Astlee conseas edwee, urht Hdt dreggper at ur e
heat 25 in the furnace is suppressed in or prevented from flow ng out into
t he wor ki ng ar eshilth t hiroughe thet taad 1l poe t3¢. t2 ZhAUS QD065 Mhe i Gehe
shutter device 17 is subjected to nmaintenance operations, the screws are
unf astened, whiechhdixtake Yot tom platkorDzentahe fTlan, supposhetZoa to
mai ntain the arm 19 horizontal. Then, the shutter 5 device 17 is rotated

downwar d Jibout 49ElGhatt B3 BRTATRT GRERFIER FRVET ofhe tPhaft | Heldhddstate
held by the  stay s 821 Fotllsn M I 2 NG MAT LS RISIEIERY L
stays 32. At this time, the arm 19 is preferably in
the contracted state. However, the arm 12 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




the contracted state. However, the arm 19 may remain extended when shutter
device 17 is inclined downward, 10 as shown in FIG 4. \Wen the syt 06
-device 17 is inclined dowmmward, a w de space for naintenance operations is
formed above the shutter device 17. Accordingly, maintenance operations
on the shutter device 17, such as those on is the port cover 18 and arm 19,
can be readily perforned. The extensibleblgontractible arm19 linearly
noves the port cover 18 of the shutter device 17 between the closing
position PB and the waiting position PA laterally shifted therefrom to

open/ cl ose the dad, 20 pidpdrd tdendeacs i e thberp. phec ddtiagl g Hyhe
port cover 18 is easily controlled in stopping actions, thereby reducing
the time necessargwimy mpeivmg @ a odosdaguapss attlonsveaftidel shutter
device 17. Specifically, linearly noving the heavy port cover 18 25 all ows
the port cover Héat-giwcewmsdny i aprasiors ek inpeeoves orn edarmplahpwacndf t he
cl osing operation and opening operation takes about 10 seconds) and in a
smal ler 2 4 AUGXbOBes Zhepierce dxeedihared to noving the heavy port cover

18 by a swing notion. As a consequence, the vertical. heat- rocess_inr%g
appar at u® 1 i nprovest ¢ PAFbughpet whdtS rREVEEICE N8 EhaR e hEekiedeO 5 e

port cover 18 I provided wip, o vBLELoGoeLi nh SLIYEIHE Looplig
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 i1s 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



wat er passage 33 for circulating cooling-water is forned. Accordingly, the
port cover 18 is suppressed in or prevented fromsuffering therndl Aug 2006
-deformation or 10 thermal degradation. In addition, the arm19 is
suppressed in or prevented fromsuffering thermal deformation or therma
degradati on due to heat conduction through the port cover 18. This
increases the durability of the shutter davice 17. is The arm 19 can
rotate about a supporting portion at the proximl portion fromthe

hori zontal set state to the mmintenance state PC where it is inclined

downward. Accordidigint, g Pty FOVRIvelB r@lrd, 1A hdie digadilge
subj ected to nai ntenance operations, thereby 20 inproving the operability.

When the shutt efrndevies®nk? Jd4s iepentd/c|Rsedrd.he wHantir @yt epivie@! s
reci procation of the second arm elenent 26 relative to the first arm

el enent 24, sud8 itshatovield iforpentfeorapethiony opsyert itdre frionstthar mlelsamgnt 24
25 is in the casing 21. Specifically, when the port cover 18 is noved for
the cl osi ng op@rcatiitarenf FEMtchdheaivta ing ngp e stiitarerPAA,0 tthee filredi Rgmposi ti on
PB, the second arm2 4 AUG 2006 24 elenent 26 is first noved forward, and
then the 3irst elgmMand] eferdts 2455 Foved feckatadd Waan therpdihe cevend 18 is
noved for the opening operatiaon fromithe ¢l osing osition PB to the

wai ting positi &?"PE?GE‘W@tf %rsstlsatn}ﬂv?delb@r?é?“arﬂ i $HiS @rLeeEERRackwar d,

and then the S%ﬁ%ﬁ%nts 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 consequence, 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




armelement 26 is noved backward. This arrangenent prevents dust generated
by sliding of the arm 19 from flowng out into the working area.ég. A
~flowis fornmed fromthe outside into the 10 inside of the casing ﬁMﬁrgﬂgh
the front opening 52 of the casing 21. This prevents dust generated in the
casing 21 fromflowng out into the working area 10. As a consequence, it
is possible to prevent wafers W handl ed i the working area 10 from being
contamnated is with dust generated in the shutter device 17. FIG 9 is a
side view schematically showing a shutter device according to another

enbodi ment of thespPEEseRy i AVeathea. tdhhspshutéer rdent cend 7Xeficl udes a
pushi ng mechani sm 42 for noving up a port cover 18 at 20 a closing

position PB andstippogt£o20) winiehchpsedisposadtami the abdoash pef ta baskhe
pushi ng nmechanism 42 is arranged to nove the port cover 18 up and down
integratedly wiphatbe8estensnbéeibont sadei bf ethe nad® 5S. aTbiobeshidgo in
this enbodinent, the arm 19 extends 25 and contracts to |inearly nove the
port cover 18 t®echearishnfdpeh¢hygdandcrlosdeys operats odsivapivadl e frames 43
novabl e ug and down are 2 4 AUG 2006 25 respectively attached to a pair of
right and°left MUuppbetSrameswhdeh BRe H?%Bo%é@ea@ft%%eb5¥@6h$%# Hhase

plate 8 one on ejther sjide of the afm 19. The pushi mechanj sm 42
i ncl udes cyIind%#gmﬁ§5 %g ﬂ?i%@etﬁégenSlble/co €2actipb1e arn 18 1s

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 1is 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



5 novabl e franes 43. The rear side of the proximal arm elenment 22 of the
extensi bl e/contractible arm 19 is supported to be vertically rotiahabloges by
-the novable franes 43 through a shaft 44. The front side of the proxinal
armelement 22 is detachably connected to the 10 novabl e frames 43 by
screws (not shown). Wen the arm19 is tucked away at a waiting position
PA (in a casing 21), it is set at a | ower 2gosition by the pushing
mechani sm 42. The arm 19 extends fromthis state to nove the port cover 18
tois the closing position PB for the |oad port 4. Then, the pushing
mechani sm 42 i sf egtivat @t tthi®ygh Uthé heoad npdSt andard | Aigrtier poriovwcover
18 into close contact with the Ilip of the load port 4, thereby closing the
| oad port 4. 2fhdsintesciobedf atiovefuthecshiub tiees skeviae dRrsdowme-in FIG
9 can provide the sane operation and effect as in the shutter device 17
shown in FIG 4redwceddstalom, the shutter device 17X includes the pushing
mechani sm 42 for noving the arm 19 up and down, to nove up the 25 port
cover 18 to bring itThatBeEbhtatt NOREAPERESFDARY PRPRTATURE REFHEANRY t he
port cover 18 can agirtightly close the . load port 4 to reliably prevent
heat from 2 4 AHG SHDETRATIERT HEBHtE LT LR The TORFFERLES ORAP f ur t her
allow the inteéioi.of t he fyrqgce to_be set at a bresgures reduced state.
pplication of the present "Invention. € 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.



The vertical heat-processing apparatuses according 5 to the eanp'nqﬁtﬁms
descri bed above are exanples of an application of the present inv A%IO .

. The present invention may be applied to a vertical heat-processing
apparatus of another type in the sane way. As a target substrate, a

sem conductor wafer is handled in the lqzﬁnbodinents descri bed above. The
present inventionis not limted theret’o, but may be applied to a gl ass
substrate or LCD substrate. 2 4 AUG 2006 27 CLAIMS 1 A vertical

heat - processi ng apparatus for heat -process_ing a plurality of target
substrates all together, the apparaFu%’ ] ng: 5 an airtight process
chanber configuredlto acconnndapg t he .target substrates, and having a | oad
port at a bottom a1id configured Y5elcdct iNFALY FAREE SR ¢ | aRR2EHS | 0ad

ort of the e h; ; hol der configured to hold the target
gubstrates E%ngégagt%g%%%FV%ﬁg$ A %gﬁﬁﬁ§l§¥cggoﬁa56ﬁﬁigﬂ%%ﬁF?%ﬁ%%pply a

process gas LpbothRedprace e9@%59§£ét39 exhaust .section configured to

exhaust the s procCess chanber eat’er con Fdﬁfgg:to heat an at nosphere
in the 5process chambelirtight process chamber configured to

accommodate the target substrates, and having a load
port at a bottom;
a lid 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 lid up and
down, along with the holder placed thereon, which holds
20 the target substrates; and
a shutter device configured o mask the load port
after the target substirates are unloaded from the
process chamber through the load porz,
the shutter device comprising
25 & port cover configured to selectively closing the
load port of the process chamber, and

an actuator including an extensible/contractibie



an el evator configured to nove the lid up and down, along with the hol der
pl aced thereon, which holds 20 the target substrates; and a shutt®eAUGedifce
-con-Figured -.0 nask the |oad port after the target substrates are

unl oaded fromthe process chanber through -'Zhe |oad port, the shutter
device conprising 25 a port cover confi@aed to selectively closing the

| oad port of the process chanber, and an actuator -'lIncluding an
extensible/ contract ibl e 2 4 AUG 2006 28 armthat supports and noves the

port cover, taéem anbYabobpleidtg HRNTH@ULed:he Lbrpeaply oug the po_rz
cover by the extensible/contractible armbetween a closi'ng position to

cl ose the Ioadcpuéto&ndean@mdddﬂl&hf@@iEéoﬂihéé?ﬁglh%v%hk%kg%dhﬁon‘7"he
e/ contract 1Dbl

cl osing position, wherein the extensibl e arm conprises a

proxi mal porteonmeandya thleurtdns 051 &f SbELLHBRE §1 SURROL LY, JAy the proxi nal
portion and supporting the port cover, and the plurality of arm el enents

conprise 10 acibpisp @DBiMﬂﬂﬁHﬂordﬂb$é0§ﬁ@|§oégl@b&%eah@_%h%aiQagéiwm
-portion and a second arm el enent reciprocable relative to the first arm
el ement and Pheithont éeteevildy fairitfieed conphni sae @16a3hRg poarfibgured to
acconmpdate the port cover and the is extensible/contractible arm such
that the waiting pobetiedm ithd mxtensidleAcohthactddilrgarm comprises
a proximal portion and a plurality of arm elements
supported by the proximal portion and supporting the
port cover, and the plurality of arm elements comprise
10 a Zirst arm element reciprocable relative to the
proximal portion and a second arm element reciprocable
relative to the first arm element, and
the shutter device further comprises a casing
configured to accommodate :he port cover and the

15 extensible/contractible arm, such tha* the waiting

position is located in the casing.

2. The vertical heat-processing apparatus
according to claim 1, wherein the first arm element
20 comprises a linear guide, and the second arm element is
configured to slide on the linear guide of the first
arm element.
3. " The vertical heat-processing apparatus
according to claim 2, wherein the proximal portion
25 comprises a linear guide, and the first arm element is
configured to slide on the linear guide of the proximal

portion.



2. The vertical heat-processing apparatus according to claim1l, wherein
the first armelenen: 20 conprises a |linear guide, and the secorid AU 2006
~elenment is con-figured to slide on the linear guide of the first arm

el enent. 3. The verzical heat-processing apparatus according to claim 2,
wherein the proximal portion 25 comorises a -1inear guide, and the first
armelenment is configured to slide on2fhe |inear guide of. the proxinal
portion. 2 4 AUG 2006 29 4. The vertical heat-processi ng apparatus
according to claim1l, wherein the extensible/contractible armis supported
by and rotatable a@boutrhanvaxits Qor th£ } : iJypl  side, and
is switchabl e between a set st atdéplt oﬂﬁﬂtﬂégggéggﬁmﬂ%ﬁeﬁ osi ng
position and ddeor@lhgngopesialinon , afkfe @i pLenance state to be inclined

downward. 5 5... The vertical heat-processing apparatus according to claim
1, wherein thexséustel edevnee adiiidltera eONDs | S85p8 RYShiYg aﬁli%ﬁha”i sm
configured to bri the port cover into close contact wth the | oad port.

10 6. The veriGc@taieat2BrBtedsi aflapparitinn Atsprdedgohoachaiomihal
wherein the pushing chanismis _configured to nove the
ext ensi bl e/ comtTuctFHt et ar AvasCRabgRoletween a set state to be moved

-between the closing position and the waiting position
and a maintenance state to be inclined downward.

5 5. 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.

10 6. The vertical heat-processing apparatus
according to claim 5, wherein the pushing mechanism is

configured to move the extensible/contractible arm as a

whole.
7 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 coolan= rassage.

20 ' 8. The vertical heat-processing
apparatus according to claim 1, wherein the shutter

device further comprisss a controiler that controls an



7 The vertical heat-processing apparatus is accordina to claim1l, wherein
t-he shutter device further conprises a coolant passage forned |r24IA§Gp%W&
- cover, and a supply section configured to supply a coolant into the
cool an-. passage. 20 8. The vertical heat-processing apparatus according
r-o claiml, wherein the shutter devigg further conprises a controller
that controls an 2 4 AUG 2006 30 operation of the extensible/contractible
arm and the controller is arranged to performreciprocation of the

. i he f.i. I |y when the first
Z?ﬁ?gﬁeﬁézleéégfaé%%glgg;¥ﬁ8Fggkﬁgﬁl*ﬁégvgé$%§%$gﬁgiﬁ-%?8%e§§ﬁn§heapparatus
according to device further .conpris

i - L , es a

control | er tﬂgéeig%%?grgggﬁkggég%gfRgiggﬂr§%%me$f8ﬁ§F8F8%&§ﬁtngﬁﬁgle arm
i : X [ n IS

e Toriiatlara s vilamedash et el cmelim a0 T

noved forward after t secon arn1é]enen Q 1 d-unen the por-_
cover s noy, r h et | I 1 e. N 0] ;o

second arm %?%%eﬁ?é%sgﬂgeg%k_gcﬁ%g? %ﬁﬂéﬁgt%e_%ﬁrg ea?ﬁgépgnept i's noved
backwar d when the port cover |sTm@uﬁgggfggirﬁéé§_%kgééggi8 sition to the

waiting position. 10 - The vertical heat-processin apparatus according to
claim1l, whespparibescastogdieQnpol $8% @ f1) ShhoPeNn- tnkNgnpieEeped in a

first side of the

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
i1s moved backward when the port cover is moved from the

15 closing position to the waiting position.

10 . The vertical heat-processing
apparacus according to claim 1, wherein the casing
comprises a first opening formed in a first side of the
casing facing the closing position, and a second

20 opening 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 11 . The vertical heat-processing apparatus
according to claim 10, wherein the second opening is

connected to & gas suction member through a duct.




casing facing the closing position, and a second 20 opening formed in a
second side of the casing different fromthe first side, and thqa?ﬁﬂﬁrﬂhys
~further conprises a nmechanismconfigured to forma,gas flow flo gin
through the first opening and flowi ng out through the second opening. 25
11 . The ver-tical heat-proccessing agparatus according to claim 10,
wherein the second opening I's connected to a gas suction nmenber through a
duct. 2 4 AUG 2006 31 12. A vertical heat-processing apparatus for

heat - pr ocessi ng plurality of target substrates all together, the

appar at us conprﬂ?hng: an ajrt%gﬁ@rgﬁééés§aﬂ%ﬂﬁﬁﬁciﬁﬁﬁWQMEEEBI@tﬁs
accommodate the target. substrates, and _having a load port at a bottom a

lid configuf@F tEAEIRFQTIRTINPpRnPaRdadlidde athdangrld pvstvitene process
chanmber; a hal.der caonfigured to hold the target substrates 10 stacked at
interval s; §ﬁ§u§ﬁqé{hﬁgﬁo %oﬁ??%ﬁ?@&st6@5ﬁ%ﬂ%%%9brocess gas into the
process chanber; an exhﬁust section conggﬁ) xhaust the process

ured to_ge
chamber, is a hedtr®tbht PQhr BHOEG SReSRaTP St by er $% the  process
chambgr: an ol ¥l cOMguredLo mRYe e dd 4 U a0y 2 10aa
port at a bottom;
a lid configured to selectively open and close the
load port of the process chamber;
a holder configured to hold the target substrates
10 stacked at intervals;
a supply section configured to supply a process
gas intoc the process chamber;
| an exhaust section configured to exhaust the
process chamber,
15 a heater configured to heat an atmcsphere in the
process chamber;
an elevator configured to move the lid up and
down, along with the holder placed thereon, which holds
the target substrates; and
20 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
a port cover configured to selectively closing the
25 load port of the process chamber, and
an actuator including an extensible/contractible

arm that supports and moves the port cover, the



down, along with the hol der placed thereon, which holds the target
substrates; and 20 a shutter device configured to mask the | oad2pokiG 206t er
‘the target substrates are unloaded fromthe process chanber through the

| oad port, the shutter device conpri§?ng a port cover configured to
selectively closing the 2S |oad port of the process chanber, and an
actuator including an extensible/contractible armthat supports and noves
the port cover, the 2 4 AUG 2W5 32 actuator being configured to linearly

nmove t-e Poractmamen"Mﬁiﬂga@mmED§hbb§/ﬂﬂ”ﬂfﬁéﬁfi&fhé%g1Pﬁé“ﬁ??ta cl osing
position to close the load port and a waiting ‘position laterally shifted

fromthe cl osiovgrpdsi titon, eS: evhetiel 8/ the sl e{gpnteaglipl e armis
supported by and rotatabl e about an axis portion disposed on a proxinal

side, and is 3Wstictmirios Potareno alset shat @dam o MOVeds bst neep; fhe
closing position and the waiting position and a nmai ntenance state to be

10 inclined @&®Awacdh lEg.erthklyeshi akcheatorpracessl d Hion @pPas at Usn,
according to claim 12, wherein the ext ensi bl e/ contracti bl'e arm conpri ses a
proxi nal - portion YHIRF &l tral exyensiblm/denemnst Sopeostediby is the

proxi mal portion and supporting the gort cover, and the plurality of arm
el enent s Conﬁppggggqq,qﬁ g@nrotatable about an axis portion

dispocsed on a proximal side, and is switchable between
a set state to be moved between the closing pesition
and the waiting position and a maintenance state to be

10 inclined downward.

13 . The vertical heat-processing apparatus
according to claim 12, wherein the
extensibie/contractible arm comprises a proximal
portion and a plurality of arm elements supported by

15 the proximal portion and supporting the pori 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 elemen=.

20 14 ., The vertical heat-processing apparatus
according to claim 13, wherein the first arm elemen-
comprises a linear guide, and the second arm element is
configured to slide on the lineér guide of the first
arm element.

25 15. The vertical heat-processing apparatus
according to claim 14, wherein *he proximal portion

comprises a linear guide, and the first arm element is

=



el ement reciprocable relative to the proximl portion and a secopd arm

el enent reciprocable relative to the first armelenent. 20 14 . 2ﬁe“ﬂ32m5
‘vertical heat-processing apparatus according to claim 13, wherein the
first armelenment conprises a |linear guide, and the second armelenent is
configured to slide on the linear guide of --he first armelenment. 25 15.
The vertical heat-processinga apparatus according to claim 14, wherein the
proxi mal portion L_ conprises a linear guide, and :the first arm el enent

is 2 4 AUG 20 figur to slide on.the linear gui de of the proxim
portion. Obnzigutell EBUEd 40 G e flnea; gul%e 21 The proximgl

portion.



