; €3eSNNO<Q@ S66STS] g @ DESCRI PTI ON  VERTI CAL HEAT- PROCESSI NG APPARATUS 5
Technikcal Field The present invention relates to a vertical heat processing

apparatus, which sinmultaneously subjects a plurality of targeﬁ”@mmﬂmuﬁmwmh
to a heat process. Mre specifically, the present invention r 0
vertical heat-processing apparatus having an inproved rotation nmeghaRismto
rotate a holder that holds a plurality of target substrates, in a state

hoat pr bessel ng 15 Apparat ub actording to the present i nventi oftWMMINIILN
incorporated for use in a sem cenquet @ RPrOGesSsiNG gystem The ter mpoooz+
"sem conduct or process" used herein includes various kinds of processes

whi ch are perfornmed to manufacture a senm conductor device or a structure 20
having wiring | ayers, electrodes, and the |like to be connected to a
sem conductor device, on VWERDIQRL EBEAS+PROEESSONG AaprParaemsconductor waf er
or a glass substrate, 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
5 Technical Field
The present invention relates to a vertical heat-
processing apparatus, which simultaneously subjects a
plurality of target substrates to a heat process.
More specifically, the present invention relates to a
10 vertical heat-processing apparatus having an improved
rotation mechanism to rotate a holder that holds a
plurality of target substrates, in a state where they
are stacked at intervals.
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



2 devices, various processing apparatuses are used for performng
processes, such as filmdeposition, oxidation, diffusion, reformation,
anneal i ng, and etching, on a target substrate, such as a sem con- 5 ductor
wdf er. A vertical heat-processing apparatus for sinultaneously
heat - processi ng a nunber of wafers is known as a processing apparatus of
this kind. FIG 7 is a sectional view showng a conventional rotation
mechani sm for rotating a wafer boat, enployed 10 in a vertical

heat - pr ocessi ng apparatus. As shown in FIG 7, a rotation nmechanism 115 is
di sposed on a bie@itQ3, WhirGhuss gAY Arhdomsdd Hrensad cl ose the
furnace port (load port) of a vertical heat-processing furnace. The
rotati on mecharfiosmpkkTF dranivsercreskes,otaidmaga faerddmedifiwb der), which
hol ds a nunber of wafers (target substrates) thereon. The rotation

mechani sm 115 oxdldaddong rditffius isimgf tr elfifymadnicorg suppartingi tardd9 t hat
supports the rotary shaft 116 rotatably through a bearing 117 and a sealing
20 nmenber 118. eThbibglt om endaofgathesubsttarateshafuch 18 iz senheeted to a
motor 128 through a belt 130. The top end of the rotary shaft 116

penetrat s t heduicgorowadied -i s Acoraidcicad theat TR i d 2EParRtYsir nt abl e
120 is fornmed of a |ower nenber. 120a and an upper nenber 25 120b det achably
attached to eadRTofH&EML tANCAMFLN P et RIART D & PY R e betweehst he

peri pheral portion of the turntable 120 and the Iid 5, to, prevent a 3
& s o da e Bt

process gas i nithéPirngSe & PHAERHEMhFRIFF TiEa ween the
turntable 120 and I|i 057 and | eaki ng th@r‘(’a.fé on%hA St Luct u(ggvfr%.cgohi ng
the rotary shaft 11 is aldsopal esaecf%qﬁae ent<Y ne %Jra%i?i?y of " thet beari ng

117 and seali ngo?_%@l%"n }njel%rlllfa{nﬁ_l@ér{ gﬁg@:{ !ﬂ)qcadt't'ﬁﬁql‘{ctoa NGate s r@éﬂ%,h.eenéplg%%ec(if or

heat - pr ocessi ng furnace. ing s ture,” an inactiv

exanpl €3 oni trogen ,08% MNdk-ah! e A 44164 O&i?;]gayrasmé.t 1S, sredh col i ng 10

water circulates through a cooling passage 13 ormed near the center of
the lid 105, segithaty,t e dotadribrs hfdhaklifn SL1®ol £dypdded imacd i vedgas and

cooling water. The inactive gas is supplied into the cl earance gap between
t he support unilD511hdmth riet aoyadiaf tupl Hhd down to open and close the
furnace port (load port) of a vertical heat-processing
furnace. The rotation mechanism 115 is used for
15 rotating a wafer boat (holder), which holds a number
of wafers (target substrates) thereon.
The rotation mechanism 115 includes a rotary shaft
116, and a support unit 119 that supports the rotary
shaft 116 rotatably through a bearing 117 and a sealing
20 member 118. The bottom end of the rotary shaft 116 is
connected to a motor 128 through a belt 130. The top
end of the rotary shaft 116 penetrates the 1lid 105 and
is connected to a turntable 120. The turntable 120
is formed of a lower member 120a and an upper member
25 120b detachably attached to each other. A labyrinth

structure 160 is formed between the peripheral portion

of the turntable 120 and the 1lid 105, to prevent a



15 above the sealing nmenber 118, and flows through the cl earance gap

bet ween the turntable 120 and lid 105 into the inside of the furnace. The
cool ing passage 132 is formed near the center of the lid 105 to have an
annul ar shape surrounding the rotary shaft 116. The 20 cooling water is
supplied into one end of the cooling passage 132 and is exhausted fromthe
ot her end. The vertical heat-processing apparatus is designed to bear a
certain high tenperature of, e.g.,about 1000C in a heat process. However
where it is used 25 at a higher tenperature of, e.g., about 1200C in a heat
process, the corwesssonas trnothegrethdebufeonasnobrphgvittte slffarcinert
cooling. As a consequence, for 4 exanple, the rotary shaft 116 and
bearing 117 cl¢ag betwbennbhéytsthntkbie @aéhantihéidddé St endhérsking
expansi on, whereby the bearing 117 and sealing nenber 118 nay be danaged or
| owered in durdlberéefyoms5 The rotary shaft 116 is usually made of zirconia,
which is a material with a | aw thermal conductivity, and thus it tends to
accurmul ate heat conBustedctusm £hs casildadothehaotiaryacdatdnd i& difficult
to cool. Furthernore, the clearance gap S between an axial 10 hole forned
inthe 15d 1051%nad@hée¢o€ar9rgﬁant %@e Ayrgpiflatyeods the §earingn thus it

is difficult to sufficien cool the_rqgtary shaft 116 fromth oling
passage 132. Ei%%l%%ﬁr%eﬁi ¥ﬂv@ﬁ??8§ i%g %r83|é@Weaﬁnghguﬁrggeﬁﬁﬁghvention
is to provide a_ver roceSS|n aratus, su table f.Qr hi gh
tenpergture hegf t%%a% CSﬁﬁlggf% EggﬁFly igo Sr&fﬁ%ﬁ'éﬁaftgto

i nprove the du of a | ng to a
first aspect o%€?%£t5¥%éen ?ﬁgék??gnagﬁhe?g?ls pr g% %kg

heat - processi ng, p?%@éUér&gH&rtﬁbngoeawghgéflt hq@t %@C%mgagfurnace
havi ng a fur nace port nmovab up and down to open and cl dse the

furnaceiport; Qfded E0tahigBe8BERBoudh Bl eBLUIISROSAE seet N8 ifbrined ot ate a
hol der that holds a nunber of target substrates, the rotation nechanism

conprising a reéarytEbaténterSo@indha $HEPQIG,uBLt that theppatiaxyt he rotary
shaft rotatably through a bearing and a sealing menber, wherein. the rotary
shaft has a hothafitstitaciareowitd byt hhe wabkctixedgas smpbldoced g h a
cooling gas to flow
water. The inactive gas is supplied into the clearance
gap between the support unit 119 and rotary shaft 116
15 above the sealing member 118, and flows through the
clearance gap between the turntable 120 and 1lid 105
into the inside of the furnace. The cooling passage
132 is formed near the center of the 1lid 105 to have an
“annular shape surrounding the rotary shaft 116. The
20 cooling water is supplied into one end of the cooling
passage 132 and is exhausted from the other end.
The vertical heat-processing apparatus is designed
to bear a certain high temperature of, e.g., about
1000C in a heat process. However, where it is used
25 at a higher temperature of, e.g., about 1200C in a

heat process, the conventional cooling structure cannot

provide sufficient cooling. As a consequence, for



5 inside and outside the rotary shaft, and the support unit has a cooling
passage surroundi ng an upper portion of the rotary shaft, and is supplied
with a coolant to flow through the cooling passage. According to a second
aspect of the present 10 invention, there is provided a vertical

heat - pr ocessi ng apparatus, which sinultaneously subjects a plurality of
target substrates to a heat-process, the dpparatus conprising: an airtight
process chanber configured to 15 accommpdate the target substrates, and
having a |l oad port at a bottoma lid selectively open and cl ose the | oad

port of the progsssl&hapherrotahygl gREfEONi bogHhadbkarhagditihe clangeor
substrates 20 stacked at intervals within the process chanber a supply

section confi gtiernd D1 guppi ykatpr egersoghsri dhe thetheeneds expamsdonan
exhaust section configured to exhaust the process chanber; 25 a heater
configured to wieatelay aheavispheiegi hiVdentheepilovgsmenhanrbdis8 mavelkevat or
configured to nove the |id up and down

damaged or lowered in durability.

5 The rotary shaft 116 is usually made of zirconia,
which is a material with a low thermal conductivity,
and thus it tends to accumulate heat conducted from
the inside of the furnace, and is difficult to cool.
Furthermore, the clearance gap S between an axial

10 hole formed in the lid 105 and the rotary shaft 116
is as large as, e.g., 1 mm, thus it is difficult to
sufficiently cool the rotary shaft 116 from the cooling
passage 132.

Disclosure of Invention

15 An object of the present invention is to provide a
vertical heat-processing apparatus suitable for a high
temperature heat process, which can sufficiently cool a
rotary shaft to improve the durability of a bearing and
a sealing member.

20 According to a first aspect of the present
invention, there is provided a vertical heat-processing
apparatus comprising a vertical heat-processing furnace
having a furnace port; a lid movable up and down to
open and close the furnace port; and a rotation mecha-

25 nism disposed on the 1lid to rotate a holder that holds

a number of target substrates,

the rotation mechanism comprising a rotary shaft,



6 along with the hol der nmounted thereon and hol ding the target substrates;
a rotation nechani smdisposed on the Iid to rotate the holder, the rotation
mechani sm conprising 5 a rotary shaft having a hollow structure with a thin
wal |, and a support unit that supports the rotary shaft rotatably through a
bearing and a sealing nenber, wherein an inner gas passage for cooling is
formed inside the rotary shaft, while an &uter gas passage 10 for cooling
is formed between the rotary shaft and the support unit; and an inactive
gas supply section configured to supply an inactive gas for cooling into

the inner gas pagsadsugpdrthen@ut Ehagasuppssage thid roharyeshiacal

heat - pr ocessi ng apparatus according to first and second aspects may have a
structure in whothtabeyr ehaspMgihaf behasngnangt er isealdng decbiext,o upper and
| ower portions by a partition wall, near which the sealing nenber is

di sposed out siwleetdin2bheotratgrghahtftshel shablilbwy caeiicigrgas ifihows
inside and outside the rotary shaft above the partition wall, while the

| ower portion ofinhealht eandr 16f subplietamytbhaf copdliog Ges par tildvon wal |
i s opened outside. Brief Description of Drawings 25 FIG 1 is a sectional
V|em1sch%natlchm$yd§h@mﬁngU§SWé?ttbﬁlrﬁééﬁypﬁ6é§§3|ﬁ@daﬁﬁéréﬂﬁ§xéﬁbordlng
to an enbodi nent  of the present invention; 7 FIG 2 is a sectional view

showi ng a rot atRdh AeEhanremise Péﬁéﬁpﬁgsﬁr\’ﬁ&flé‘tdll’i‘@alan é]rﬂﬂe@é)d”ﬁ Yhe

?gfg{?zﬁsnZEﬁQQFsE?ng§E%#HFEPé§% -aﬁgn e ar ig %g%h% aré’o %&infgﬁaF
side view, a flow through the cooling passage.
According to a second aspect of the present
10 invention, there is provided a vertical heat-processing
apparatus, which simultaneously subjects a plurality
of target substrates to a heat-process, the apparatus
comprising:
an airtight process chamber configured to
15 accommodate the target substrates, and having a load
port at a bottom;
a lid selectively open and close the load port of
the process chamber;
a holder configured to hold the target substrates
20 stacked at intervals within the process chamber;
a supply section configured to supply a process
gas into the process chamber;
an exhaust section configured to exhaust the
process chamber;
25 a heater configured to heat an atmosphere inside

the process chamber;

an elevator configured to move the 1lid up and down



top plan view, and a sectional viewtaken along a line IVCGIVCin FIG A4A
respectively, show ng the rotary shaft of the rotation nmechani sm shown in
FIG 2; 10 FIG 5 is exploded perspective view showing the relationship
between the turntable and rotary shaft of the rotation nechani sm shown in
FIG 2; FIG 6 is an exploded perspective view show ng the cooling passage
of the rotation nmechanismshown in 15 FIG6 2; and FIG 7 is a sectional

vi ew showi ng a conventional rotation nechanismfor rotating a wafer boat,
enployed in a vertical heat-processing apparatus. Best Mdde for Carrying

Qut the InventidongOwEshoghaenbsdelt hbanpeasehtriedbwnerhidomoldingemtescri bed
hereinafter with reference to the acconpanying drawings. In the follow ng
description, thergetssubsenttebenents having substantially the sane
function and arrangenent are denoted by the same 25 reference nunerals, and
a repetitive descriptirohawibh bechade sonlky swosedhereddar WidIt@ 1 is a
sectional view schematically show ng 8 a vertical heat-processing
appar at us accordtaget thanhehedi méhe sbtehkéopr meehaniimwe fONRT1sAIGShown i n

FIG 1, this vertical heat-processing apgaratus 1 includes a verti| cal
heat - pr oeessi ng FOEABEeshafsr hgvhapf ar RPAGOH Sedetens Medhroddss such as

a di ffusion

wall, and a support unit that supports the rotary
shaft rotatably through a bearing and a sealing member,
wherein an inner gas passage for cooling is formed
inside the rotary shaft, while an outer gas passage

10 for cooling is formed between the rotary shaft and the
support unit; and

an inactive gas supply section configured to

supply an inactive gas for cooling into the inner gas
passage and the outer gas passage.

15 The vertical heat-processing apparatus according
to first and second aspects may have a structure
in which the rotary shaft has an interior divided
into upper and lower portions by a partition wall,
near which the sealing member is disposed outside the

20 rotary shaft, such that the cooling gas flows inside
and outside the rotary shaft above the partition wall,
while the lower portion of the interior of the rotary
shaft below the partition wall is opened outside.

Brief Description of Drawings

25 FIG. 1 is a sectional view schematically showing

a vertical heat-processing apparatus according to an

embodiment of the present invention;



process, on a plurality of target substrates, such as sem conductor wafers
W The heat-processing furnace 2 includes a vertically |ong process
chanber, such as a quartz reaction tube 4 of the single tube type, which 10
has an opening at the bottomas a furnace port (load port ) 3 . The furnace
port 3 of the reaction tube (process chanber) 4 is selectively opened and
closed by alid 5 made of, e.g., a stainlé@gss steel, which is novable up 15
and down. The |lid 5 is arranged to conme into contact with the lip of the
furnace port 3 to airtightly close the furnace port 3. A heater 6
conprising resistangggheat i 8gabadiesoha1divsR@s8dodiiognd trieaataast i on tube 4
and supported by a heater base 8. The heater 6 is 20 controlled to heat the
at nosphere in h&ehsieachi ort tbeatingnacearért boatpr edeliermidnded teéyeper at ur e,
such as 300 to 1200C. The reaction tube 4 has an outward flange 4a at the
bottom The fl|amgerdeusssioppothedtIly tLhe heater 25 base 8 through a flange
hol der 7. The heater base 8 is disposed on a base plate 9 through a support
frame 10. The base PBL@te39ibsapr evildededi skcanompdnivigw erfirddre 9 therein,
into which the reaction tube 4 is inserted frombelow. The reaction tube 4
i s connetted arothbiontreehenigmgabownpphyFsEet#én GS including a plurality
of 5 gas feed lines 11 for supplying process gases and an |ipactjve purge
gas into the reactiEﬁGﬁubéA4.4%hea L4 85 ¢t G eE ORI G IthiE@ed &t t he
bottomto an exhausi section ES for exhaustingéthe interiqr _of the reaction

tube 4 throught@R BkPRAUELCY} nendo2 SECHARRAalNLPY BAXED Fro8&ed HIF ¢ he
ti t ub Lt l d,i hor i tal state.and, stacked
hterval's byt RECTaT e SBOREE( naRePrsct e ioar hpY e fad S ar t 2 boat
bod fi hol.d of , e, : 0, W havi
o e’ o anat or S4af5rF qrBe MaBEL Bh nBclap s8R LRokR LIRS A LA o

di sposefl; bel ow the heatl - Br 9cegsbng il PAGR pectli®le Wi IGduiig valers Wto
and fromthe wafer boat 13. An el evating nechanism (el evator) 14 is

di sposed in theeyotkbhSn2f BEEAckA tAeMvienthelli dnd Wotantd dhrt wdy the
armof the elevator 14 that supports the lid 5is shown in FIG 1). The

boat 13 is tratséersedthehwmenhthe swoskiong dane&IIGA @nd reaction tube 4 by
the elevator 14, while it is supported on the lid 5. In other 25 words, the
boat 13 is | oaded aRdGunkoadednt @xgicddeadometrispaadziotd ori ewibshaew yg t tize
elevator 14. The lid 5 is provided with a rotation nmechani sm
cooling passage of the rotation mechanism shown in
15 FIG. 2; and
FIG. 7 is a sectional view showing a conventional
rotation mechanism for rotating a wafer boat, employed
in a vertical heat-processing apparatus.
Best Mode for Carrying Out the Invention
20 Embodiments of the present invention will be
described hereinafter with reference to the accompa-
nying drawings. In the following description, the
constituent elements having substantially the same
function and arrangement are denoted by the same
25 reference numerals, and a repetitive description will

be made only when necessary.

FIG. 1 is a sectional view schematically showing



10 15 for rotating the wafer boat 13. FIG 2 is a sectional view show ng
the rotation mechanism15. FIG 3 is an enlarged sectional view of the
rotation mechani sm 15. FIGS. 4A, 4B, and 4C are a sectional 5 side view, a
top plan view, and a sectional viewtaken along a line IVCGIVCin FIG A4A
respectively, showng the rotary shaft of the rotation nechanism15. FIG 5
i s expl oded perspective view show ng the mBel ati onship between the turntable
and rotary shaft of the rotation 10 nechani sm 15. The rotation nechani sm 15
includes a rotary shaft 16, and a support unit (which is also referred to
as a bearing housdg)cdP hbat-sHeBEEESnhappatatisshatbrifngotat abkl y
through a bearing 17 and a sealing nenber 15 18. The top end of the rotary
shaft 16 penetgrbesihdet|bfl Shérprebehewiandnexbandsagpwaotirf iem the [id 5.
The top end of the rotary shaft 16 is connected to a turntable 20 rotatable
on the lid 5. Mhe. tuy ntlabs ev@btisal ohard-ptoackeinry appbert2@a land an upper
menber 20 20b detachably attached to each other. The boat 13 is nounted on
t he turntabl e Riclidesigh wartbsal aheag-pybcrdeingl fultatceoi2kSoas thermal |y
insul ating neans for the furnace port 3. The turntable 20 is nmade of, e.g.,
| nconel .5 The porEeynithafa needntesuppodt PuAres2s $9chr @sSprelddfdbIst dtade
of, e.g., a stainless steel having a high thermal conductivity. The support
unit 19 is forRPERCeSFi n‘éPf’-i%aPl\M@gl’éY oii1tpggetngubptredesn £9GH G5hg hol e
22 of the lid 15, and is airtightly fixeg tﬁ the lid 15 by screws 23. The
fitting hol e 22FREFPRIAFFYT pEALEFat Bs t ABCI PG5 RERF LR "erite &G fer eof . A

bearing 17, h, bal | 5 beari is_di d.b h haf
16 and suppor 12 uMG-4ecS ot TepbLreion Fondr PR e A THThedr o cal

di tion. Th ' | L at , ich hs fii xed t
he bot Lom of TR EtpRsrt-tan: Cibeny OF S enB\ Fubl et R 15" o

bearing d7, sughsas, sl fhhhavi pacapskact .ge&e%irﬂgcfeu%%tfton(,lda%screwed
at theg'lbottomo '??"Iré rEgt ar%/@sﬁaft 16. A seaﬁi ng nmenber 18, such as
Omi seal TM whh&ht) szheat resistant and rotationally wear resistant, is 15
di sposed above the bearing 17 to seal the clearance gap between the rotary
shaft 16 and supporThenttirh@ceTper©mii sdal hies re@otEdoft e | (Orsgrsng
havi ng a sectional U shape covered with Tefl onRTM coati ng. The sealing
menber 18 nay deamipet) rénfs selectively opened and closed by a 1lid
5 made of, e.g., a stainless steel, which is movable up
15 and down. The lid 5 is arranged to come into contact
with the lip of the furnace port 3 to airtightly close
the furnace port 3. A heater 6 comprising resistance
heating bodies is disposed around the reaction tube
4 and supported by a heater base 8. The heater 6 is
20 controlled to heat the atmosphere in the reaction tube
(furnace) 4 to a predetermined temperature, such as
300 to 1200C.
The reaction tube 4 has an outward flange 4a at
the bottom. The flange 4a is supported by the heater
25 base 8 through a flange holder 7. The heater base 8 is

disposed on a base plate 9 through a support frame 10.

The base plate 9 is provided with an opening formed



20 A driven pulley 27 is connected to the bottomend of the rotary shaft 16
extending fromthe support unit 19, to rotate the rotary shaft 16. The
driven pulley 27 is coupled with a driving pulley 29 by a timng belt 30
wound around them The driving pulley 29 is 25 connected to the rotary
shaft of a notor 28 disposed on a |ateral side thereof. A sensor 31 is

di sposed near the driven pulley 27 to detect the rotational position 12
of the rotary shaft 16. A structure for cooling the rotary shaft 16 is used
to suppress the effects caused by heat being transmtted to the bearing 17
and seal i ng nephefreis, Sihhboyahchheneot-akytshaf tub® and ssupprtdmit 19
fromthe inside of the furnace. In this cooling structure, the rotary shaft
16 has a hol | oprsrvetlowe with a thin wall, such that an inner gas passage
for cooling is formed in the rotary shaft 16. Furthernore, an 10 outer gas
passage is forned b&heeerathéonotaby dhdfst chhreutesupporthairbdtid®n The gas
passages are supplied with a cooling gas or inactive gas, such as nitrogen
gas N2, which tbomsgthesephlgughctlinnaddi tlinoiuddngoel ipdgneasisayeoB2 i s
formed in the support unit 19 to 15 surround the upper portion of the
rotary shaft 16asafdeduppneedlni fhrasepplanng PrOEessS BRSES &RA cool i ng
gas, which flows therethrough. The Ilid 5 is provided with a cooling passage
58 fornmed ther@PniPacEdBr PHEIRI €25 indel thexgeastdioso et i n FIG 44,

the interi f the.rot haft 16 is divided jnt d |

por 1 one. by a BRRELEPBN CHARI 4385 ALSBACPRYSReRSer 4 e B ST &P ot si de
th t haft. 16 h titi 11..33. The i, . d
out o1 gas’ 25 pEERANE ar BOFGPROR aBoYe HE SETIS 1OF ISR e TRl er | or
of the rotary ﬁ%gé&-%gygﬁbgm%tﬂgF?ﬁ% |%§p%xé lls33 i QRened outside, so

that heat of t rotar 3's I Scharge outslde. A flat portion
35 is fppmed on Fhewh%P GA% s e Jotalahald 6 i flaaddtod ukababl e 20
thereon in a horizontal state. As also shown in FIG 5, a shallow 5

insertion hol eq36thsyf araedeln fhe abablramoeft alihe tatien drapl £ 28k aeadt t he
center thereof, to insert the top end
intervals by the wafer boat (holder) 13. The boat 13
includes a quartz boat body configured to hold a number
of, e.g., 25 to 150, wafers W having a large diameter
15 of, e.g., 300 mm.

A working area (loading area) LA is disposed
below the heat-processing furnace 2, for transferring
wafers W to and from the wafer boat 13. An elevating
mechanism (elevator) 14 is disposed in the working

20 area LA to move the lid 5 up and down (only the arm
of the elevator 14 that supports the lid 5 is shown
in FIG. 1). The boat 13 is transferred between the
working area LA and reaction tube 4 by the elevator
14, while it is supported on the lid 5. 1In other

25 words, the boat 13 is loaded and unlcaded to and from

the reaction tube 4 by the elevator 14.

The 1lid 5 is provided with a rotation mechanism



of the rotary shaft 16 therein. A recess 37 having an alnost trifoliate
shape-is forned at the top of the insertion hole 36, to reduce the contact
area between 10 the rotary shaft 16 and turntable 20. The turntable 20 is
fi'xed to the flat portion 35 at the top end of the rotary shaft 16 by
screws 38. The recess 37 may be fornmed in the flat portion 35 at the top
end of the rotary shaft 16. 15 The flat podtion 35 at the top end of the
rotary shaft 16 is defined by the top end of an upper part welded to the
rotary shaft 16. A cavity 40 is formed in the upper side of the rotary

shaft 16 by thes pgstitbentyeyl t88 Radedppeatpant 381af theshal | ow 20 rotary
shaft 16. As shown in FIG 4C, a recess 41 having the sane shape as the

recess 37 of tdectismdBbleedOshowingnedeatotheibapmeththe smavist.y 40. The
recess 41 is forned to reduce heat transfer to the rotary shaft 16 through
the turntabl e P0G. TheispperephatgdQ 26cthhynbé dieposédtae trhéattdprnend of
the rotary shaft by a bondi ng neans other than wel ding, such as closely
fitting or scrreedimgnism1U5A pFlGali 85, ofiB, eagd, 4€i rregas siegitédoniad] es 42 are
formed in the outer wall of the rotary shaft 16, corresponding to the | ower
portion ®f thesidwiviewp. aChophelarh¥ieNandndaapsgeiirnglofvied gakearhr ee,
gas 5 outlet holes 43 are fornmed, corresponding to the upper portion of the
cavity 40 (predEen®l§ tEnehEVeel¥SsiniiICA ABol FREPGES IVE Livnt SERYESE from a

as feed port 45, and flo hrough, the cayity 40 of the raqtar aft 16
?ron1the Pnletém%lﬁ%tﬁﬁyt%ﬁ?%E 9 ?FEF ﬁS%@glgé.mfﬁgﬁﬁlEWn&%ar épggvé}44 is
formed on the jnner surface of the.support u it.19,t orreﬁpquin .gp t he
gas inlet hoIe%s4%¥p§%%e§u8ﬁ5§Peﬁﬁ?Ye1819¥ BB8V?&gd it At e3§¥hgl' gas
feed port 45 DYepbLEN L0 APRULAT.IRRAVESAE-S SHURR! Lad ciid B An Jidaeti ve
gas, such as 15 niirogéen gas, used as a cooling gas. The gas feed port 45

i's connggt ed tﬁb@h&ﬁ?sﬁ“??[y section CGS for supplying nitrogen gas through
a gas feed line. A part of the nitrogen gas fed into the annul ar groove 44

flows up through thengl earaReendARcBANBSMESN includes a rotary shaft
16, and a support unit (which is also referred to as a
bearing housing) 19 that supports the rotary shaft
16 rotatably through a bearing 17 and a sealing member
15 18. The top end of the rotary shaft 16 penetrates the
lid 5 from below and extends upward from the lid 5.
The top end of the rotary shaft 16 is connected to a
turntable 20 rotatable on the 1id 5. The turntable
20 is formed of a lower member 20a and an upper member
20 20b detachably attached to each other. The boat 13
is mounted on the turntable 20 through an insulating
cylinder 21 that works as thermally insulating means
for. the furnace port 3. The turntable 20 is made of,
e.g., Inconel. The rotary shaft 16 and support unit
25 19 are preferably made of, e.g., a stainless steel
having a high thermal conductivity.

The support unit 19 is formed cylindrical with a



20 the rotary shaft 16 and support unit 19. Another part of the nitrogen
gas fed into the annular groove 44 flows up through the inner gas passage,
whose center is the cavity 40 of the rotary shaft 16, fromthe gas inlet
holes 42 to the gas outlet holes 43. These 25 parts of the nitrogen gas
cool the rotary shaft 16 fromboth inside and outside, and nerge at the
outside of the outlet holes 43. Then, thetnitrogen gas flows 15 t hrough
the cl earance gap Sb between the bottom of the turntable 20 and the top of

the lid 5 and is discharged into the furnace, i.e., into the reaction tube
4. 5 In order ¢, hetderi ook i1heareiatynghablelbof bemehbe 16go0lisng sprssage
32, i.e., toinprove the cooling effect, the clearance gap Sa between the

rotary shaft 16s antr-SUgReIy 8Dkéd18oi BheelifiolbebgnBklrewat 2G..1 tThe2 nm
preferably at 0.2 to 0.8 nm such as about 10 0.42 nm The support unit 19
and rotary shafitdtnd@rigopsoxdedrvitalliir padet46tandthé, liespecicdarel v,
formed on the opposite surfaces thereof, corresponding to the cooling
passage 32, whiltd semver asherepéct i Anbeandhgr 17ecessds aSor bbedtl- r adi ati on
More specifically, 15 the thread 46 on the outer surface of rotary shaft 16
is formed of, leegring, nb$edsspescdf baBBexnltbe oatany ehadt Héndnd he
thread 47 on the inner surface of the holder 19 is fornmed of, e.g., a
femal e screw ofumB3tik vnifslPeseki peBoabsien LR¥esctEAt MEads 3B < unctions

as so-called heat-radiation fins, which enhance the coqling effect on the
rotary shaft 15 EdetVerbifdt HARBCtERB-cod Fn§e6£§§§g 7321%1 §efc61rrr?éﬁ

hel i cal dth t fr,16 t hat I i
vat et can ol T2l SR ORI RbAte 28 45t HORAPI O, THFGD 60 S0 EhIIET
ti [ how t he. 1 2. [ I 8. |
(i savsenbl od SO coPRE OB ho BB dage Bas: €07 16 BIGT AVaHy Tarvd of o

mul Ui gyer ed shLUGLUE engSYSh a5cA LT eenlATSr edyatiuGt gy of the sake of
rication. pecCi

easy fa _ _calfy,_ln order to constitute the cooling passage
32, the supporf gpbht19gi BuREEYLHASA13 WekBwadnylarRAsAGRM F4A,t1Hb, and

32c, stacked one on the other, in a nulti-stage or nulti-layered formation.
For exanple, theyaggpnshsttofiea |ower layer, a mddle |ayer, and an upper
| ayer with partition nenbgrs 62 and 63 respectively.inteﬁﬁgsed_
t her ebet ween. A sealing member 18, such as Omniseal'™, which
is heat resistant and rotationally wear resistant, is
15 disposed above the bearing 17 to seal the clearance gap
between the rotary shaft 16 and support unit 19. The
Omniseal is formed of a ring spring having a sectional
U-shape covered with TeflonRTM coating. The sealing
member 18 may be an O-ring.
20 A driven pulley 27 is connected to the bottom end
of the rotary shaft 16 extending from the support unit
19, to rotate the rotary shaft 16. The driven pulley
27 is coupled with a driving pulley 29 by a timing
belt 30 wound around them. The driving pulley 29 is
25 connected to the rotary shaft of a motor 28 disposed on

a lateral side thereof. A sensor 31 is disposed near

the driven pulley 27 to detect the rotational position



10 Each of the passages 32a and 32b of the |ower and m ddle | ayers includes
two partition walls 49 or 50 one on either of the front and rear sides, to
di vide the passage into a |left passage 32ax or 32bx and a right passage
32ay or 32by. The passage 32c of the 15 upper layer includes one partition
wall 61 on the front side, to forma C-shaped passage. The partition nenber
63 between the upper layer and mddle layez is provided with comunication
hol es 51 and 52 formed therein near the partition wall 61 of the upper

| ayer. The holes 20 51 and 52 connect the passage 32c of the upper layer to
the left and righthpasseges 3rhxtand, 32by of the mddle layer, so that a
cool ant can flow therethrough. The partition nenber 62 between the m ddl e

| ayer and | ower |ayerstsuptayed€drwicbb 1dammthiec aoitar yhalhesst53 @nd 54 25
formed therein near the rear side partition wall 50 of the mddle |ayer.
The hol es 53 ahg Gdedoboestippheskethearndfecgbt cpasedgby 32t dred r8Pby of
the mddle |ayer to 17 the left and right passages 32ax and 32ay of the

| ower | ayer, sbrahsmittedotantheahebkongt hér enkr segh inthaerdssr L8yer is
provided with a coolant (cooling water) feed port 55 and an exhaust port 56
5 formedSnear theotgbnthei detpayrt shedh W&l Bngo supkey tar@ ifedfedttiarel y
connected to a feed Iine and an exhaust water line (return line) of a

cool ant suppl ythecinehdelLsf pBej furaaced wilith tRiSowe I St Ut Hre ( wat er
at normal tenperature) is supplied and 1 i.rcul ated throu t he cooling
passage 32 frohR€heCFesy EBFEES%6tBa§hé g?ﬁ&8¥ts SHCE e qﬁbfcribed

above, the naryow cl earance gap,.Sh is formed between the f the lid 5
and the bott onﬁgf‘ntﬁaﬂu_rﬁ{lﬁgl ghﬁg, %o 1A OWIEN FRac a‘A/é_e égo%g CfOOOJTJIt}b%v from
15 the center {Lg EDELRST L RNERY- 51035 QuLier 137.1 WG d AUl gy and
continuous in e angular "diréctron, “is formed ‘bet ween the top of the lid 5

and t e, hot t om,gt thgatupatabbe 20. FERRHGAS AT (5L b aauiyedel | ned

by a conbination o grooves respec- 20 tively formed in the top of
the Iid 5 and {heahat tappettt Ggitunnt abirge2@asNidadsegere gasd | auso I edugh

the clearance gap Sb into the gas buffer 57 after it passes through the
i nner gas passagehandcoul €hgggaspazsageadtisiedeaand saidisiate titeragdrary shaft
16. Since nitrogen 25 gas is pooled in the gas buffer 57, a process gas
frominsi de thgatuNpacwhiishprfévest éthefmedinrosmii.ng Iro addidyian & ound t he
rotary shaft 16. _ .
cooling passage 32 is formed in the support unit 19 to
15 surround the upper portion of the rotary shaft 16, and
supplied with a coolant, such as water or a cooling
gas, which flows therethrough. The 1id 5 is provided
with a cooling passage 58 formed therein to cool the
lid 5 itself.
20 As also shown in FIG. 4A, the interior of the
rotary shaft 16 is divided into upper and lower
portions by a partition wall 33. A sealing member
18 is disposed outside the rotary shaft 16 near the
partition wall 33. The inner gas passage and outer gas
25 passage are formed above the partition wall 33. The

interior of the rotary shaft 16 below the partition

wall 33 is opened outside, so that heat of the rotary



18 In summary, the vertical heat-processing apparatus 1 according to this
enbodi nent includes the rotation nechani sm 15 di sposed on the |id 5, which
is novable up and down to open and cl ose the furnace port 3 of a 5 vertical
heat - processi ng furnace 2. The rotation nechanism 15 is used for rotating
the boat 13, which holds a plurality of wafer Wthereon. The rotation
mechani sm 15 includes the rotary shaft 1613and the support unit 19 that
supports the rotary shaft 16 rota- 10 tably through the bearing 17 and the
seal ing nenber 18. The rotary shaft 16 has a hollow structure with a thin
wal I, such thathargooki n§ gascrabgbhowntBsyde and outside the rotary shaft
16. On the other hand, the support unit 19 is provided with the cooling
passage 15 32 surropngdiang pbettippesspast ifermeld bhe thet aop diaf toflGhand
supplied with a coolant, such as water, flow ng therethrough. This
arrangenment nakesary phaftblé to Sukf theenbukytebde Clde thetraron shmafa 16, so
as to inprove the durability of the bearing 17 and sealing nenber 18. 20 As
a consequence,hohigontaangetatat caa bésapphpwd tio &Ikeatd,procéssl jyat f or med
at a high tenperature of, e.g., about 1200C . The interior of the rotary
shaft 16°is di ¥pdedtianohappenband Fowmedpont tdes by tiole ofarthia itdrnwml | 33,
25 near which the_sealing nmenber 18 is disposed outside the rotary shaft
16. A cool i ng BaBlesgBhnaarntheogentgas therens i 9 desard Snssitq e
rotary shaft 16_apove - 19 the rtition wall 33. The interior of the
Fotary shaft 185bEhBw PHETBaPERELoh CvanPrasti s BpdResoucy devig @n
arrangenment al sp_nakes_i ossible to sufficientl ol .the rotary shaft
o 5 The ol caf SHER obpt EaPRaEReaRaPRe For aFPEnar I8 4o SUbgalY unit 19
is set small. T r i£-19.an r haf r r QVJ ith the
t hreads 46 andlﬁg?§?£§§e%??§e 9{ Fgrgggggg %R% %S%gé?Fgaghr gg%s tlg1eof,
whi ch sggve ascpeoksehinsnard/ 96 BRACERER cEON 10 oNealmiAthakifh 1 Jhi S

arrangenent nakes it poSsible to sufficiently cool the rotary shaft 16 by
the cooling passage 82Zxed to the flat portion 35 at the top end of
the rotary shaft 16 by screws 38. The recess 37 may
be formed in the flat portion 35 at the top end of the
rotary shaft 16.
15 The flat portion 35 at the top end of the
rotary shaft 16 is defined by the top end of an upper
part welded to the rotary shaft 16. A cavity 40 is
formed in the upper side of the rotary shaft 16 by
the partition wall 33 and upper part 392 of the hollow
20 rotary shaft 16. As shown in FIG. 4C, a recess 41
having the same shape as the recess 37 of the turntable
20 is formed at the top of the cavity 40. The recess
41 is formed to reduce heat transfer to the rotary
shaft 16 through the turntable 20. The upper part 39
25 may be disposed at the top end of the rotary shaft by
a bonding means other than welding, such as closely

fitting or screwing.



The cooling passage 32 is formed helical around the rotary shaft 16. This
arrangenent allows cooling 15 water to circul ate w thout stagnation, and
also allows the rotary shaft 16 and support unit 19 to be extensively
cooled in the longitudinal direction of the rotary shaft 16. The cooling
passage 32 conprises a plurality of stages separated in the vertica
direction 20 by the partition nenbers 62 apd 63, in which the comuni cation
hol es 51, 52, 53, and 54 are formed to allow a cool ant to pass

t heret hrough. This arrangenent allows the helical cooling passage 32 to be
readily fabricated. aA2p1%bg1tep erd ef gtheshi@t apysShafitetltdisePravi ded with
the flat portion 35 to which the turntable 20 i's fixed. At |east one of the

flat portion 3granflorm@8 inrohabbgtél walprev¥i daed wothriyheh=auess, 37 forned
therein to reduce the contact area therebetween. This arrangenent can
suppress the heatrespdndingntdrohet heweur ppahlien20 ft aheheavdttar yishaft 16

5 The turntable 24 connected to the top end of the rotary shaft 16 can
rotate on the Ondthe 8therehahfie aoplufalhéyl bd,5eand,t ddes,t gasnf the
turntable 20 is the clearance gap Sb for an inactive gas to flow fromthe
center t9® the petiphehgleand3t avecainunad, gasrbebPendi® st o dhepatprawy t he
inactive gas. This arrangenment can prevent a process gas from | eaking from
the inside of PPetiaRrnaEethdi EAVALE| APl érsefacpbly. tS foe tiaceshiktes the

need for a conplex |abyrinth, structure, the cost can be reduced. 15 The
present invenggoﬂo? R tg??n?FeHnFBOFHQEQnESHWWEnQaée§%¥¥béﬂ”ﬁbd§%, but can

or csont | nvent o0 LEB0 cKANBEL ERE WAPBFYbad: CIs CHEy YOl Mt o
terial oth h ; h i b ' tall
1 rcon (S1). YheoreRortoniPERE Aones 12 For W BRI T Ml Y T Dt ure

having jgner and ouhgr ahHResy JB804R0LING O3S e PIe afiabl phan. i nacti ve

gas, but may be a gas other than an inactive gas. The coolant Is preferably
25 water, but seyriGedoki gHkds@ppblyi dn@then,t bar realRhdi e teerdrLal

heat - pr ocessi ng apparatus according to the enbodi nent descri bed above is an
only an 21 gas inlet holes 42. The support unit 19 is provided
with the single gas feed port 45, by which the annular
groove 44 is supplied with an inactive gas, such as
15 nitrogen gas, used as a cooling gas. The gas feed
port 45 is connected to a gas supply section CGS for
supplyiﬁg nitrogen gas through a gas feed line.
A part of the nitrogen gas fed into the annular
groove 44 flows up through the clearance gap Sa between
20 the rotary shaft 16 and support unit 19. Another part
of the nitrogen gas fed into the annular groové 44
flows up through the inner gas passage, whose center
is the cavity 40 of the rotary shaft 16, from the gas
inlet holes 42 to the gas outlet holes 43. These
25 parts of the nitrogen gas cool the rotary shaft 16

from both inside and outside, and merge at the outside

of the outlet holes 43. Then, the nitrogen gas flows



appl i cabl e exanpl e of the present invention. The present invention may be
simlarly applied to a vertical heat-processing apparatus of another type.
For exanple, the vertical heat-processing apparatus 5 may be configured to
performa process other than diffusion, such as CVD (including
pressure-reduced type), oxidation, or annealing. The enbodi ment descri bed
above takes a sem conductor wafer as an ex@&nple of a target substrate, but
the present 10 invention may be applied to an apparatus for process another
substrate, such as an LCD substrate. 22 CLAI MS 1. A vertical

heat - processi nghapRghatHs E98REEAERIgAPY 8Dt bedleBoakhRr eeRITMG ff Ur nace
havi ng a furnace ports a |lid novabl e up and down to open 5 and cl ose the

furnace ports gnd aufftabienzoeshants® dbppesednen ltilde sl,i dirdcd irptate a
hol der that holds a nunber of target substrates, the rotation nechanism

conpri sing a r@iachashalit inabdthestippasteyniit. et.hatintopmdre s dawet iraat ar y
shaft 10 rotatably through a bearing and a sealing nenber, wherein the
rotary shaft hasba #oll ow structure with a thin wall, and is supplied with
a cooling gas to flow inside and outside the rotary shaft, and the support
unit hasdSa cool i ng passagersiyor beddierg caelupber gedranyorsaf tofl & heremt ary
shaft, and is supplied with a coolant to flow through the cooling passage.
2. The verticafhRe@PopibecB3arfgdgppar atus -acESr dMREOVE Ahe ROPL1MMErein the

rotary shaft has_an interior divided intgo upper and | ower portiqns_20 by a
partition malI?fﬁ%ﬁF'mﬁpéhcﬁﬁérégéﬁiﬁ@pnéﬁbgﬁtW§e@i§Eﬁé§@¢%ﬁ¥ﬂéh?§$e

rotary shaft, ch that the, cooling_gas fl i nsi de d oytside the rotary
shaft above th gp%??i?PBﬁoﬁélPPlﬁthethéqag%gr%ﬁoﬁﬁ%y}%ﬁéhﬁ%Q%n‘%rior of

the rotary sha&thelgggkggaggpggki%n22§ow%[% ?%‘OE&Qﬁpf&yt.éE% 3. The

vertical heat-procéssing appa us “according ‘clTaim erein a
clearangg gap Behyeqn, %get Beppakar unihahly and the SYpRardrwinid 4.5 set

smal |, and at |east one of oppoSite surfaces of the support unit and the

rotary shaft igrpiodbdedivht inieaessas ahdpiud), ecldspretiGie Ngattdatba@ti on. 5
4. The vertical heat-processing apparatus according to claim1l, wherein the

cool i ng passageéeni shBebppakite. stit€avest ithalrodgt duroeessimbi rappas athis
according to claim1l1, wherein the cooling passage
cooling passage 32, which serve as projections and/or
recesses for heat-radiation. More specifically,
15 the thread 46 on the outer surface of rotary shaft
16 is formed of, e.g., a male screw of M30 x 1.5.
On the other hand, the thread 47 on the inner surface
of the holder 19 is formed of, e.g., a female screw
of M33 x 2. As described above, the screw-threads
20 functions as so-called heat-radiation fins, which
enhance the cooling effect on the rotary shaft 16.
On the other hand, the cooling passage 32 is
formed helical around the rotary shaft 16, so that a
coolant, such as cooling water, can circulate without
25 stagnation. FIG. 6 is an exploded perspective view

showing the cooling passage 32. As shown in FIG. 6

in a disassembled state, the cooling passage 32 is



10 conprises a plurality of stages separated in a vertical direction by a
partition nmenber, in which comrunication holes are fornmed to allow a

cool ant to pass therethrough. 6. The vertical heat-processing apparatus 15
according to claim1, wherein the rotary shaft has a top end provided with
a flat portion to which a turntable is fixed, and at | east one of the flat
portion and the turntable is provided withea recess formed therein to
reduce an contact area therebetween. 20 7. The vertical heat-processing
apparatus accor- ding to claim1l, wherein a turntable is connected to a top

end of the rot ﬁﬁ:)éf%?'ﬁﬁtl%/a'%@rh%dr etratakhe tan 1he ddd s tsudtdat fiedneen a

top of the lid and a boftomof the turntable is a clearance gap for an

inactive gas t@g2f thewetnageaceertefictara,padmpheley sakyl @ edqunl ar gas
buffer for pooling the inactive gas. 8. A vertical heat-processing

appar at us, whi €abrica?4osi.nuispargdislay 1sybjiectoxrdepluy aldrigt vfutar gee
subst- rates to a heat-process, the apparatus conprising: an airtight
process chanberoocaihiggpredage 3¢ orahedatepdrs twrigetl S ulstpraesdednd havi ng
a load 5 port at a bottom a lid selectively open and cl ose the | oad port
of the pbocesswéithnbanularhpedsadeeni3igur 8o dsl Bdthe AP SRSt PRAL es
stacked at intervals within the process chanber; 10 a supply_sectjon
configured to &bppPfEherpr ddess yad iwtadheH 3 Tormakhast

section configured to exhaust the process chanber;
For example, they consist of a lower layer, a middle

layer, and an upper layer with partition members 62
and 63 respectively interposed therebetween.

10 Each of the passages 32a and 32b of the lower and
middle layers includes two partition walls 49 or 50
one on either of the front and rear sides, to divide
the passage into a left passage 32ax or 32bx and a
right passage 32ay or 32by. The passage 32c of the

15 upper layer includes one partition wall 61 on the front
side, to form a C-shaped passage. The partition member
63 between the upper layer and middle layer is provided
with communication holes 51 and 52 formed therein near
the partition wall 61 of the upper layer. The holes

20 51 and 52 connect the passage 32c of the upper layer to
the left and right passages 32bx and 32by of the middle
layer, so that a coolant can flow therethrough. The
partition member 62 between the middle layer and lower
layer is provided with communication holes 53 and 54

25 formed therein near the rear side partition wall 50 of
the middle layer. The holes 53 and 54 connect the left

and right passages 32bx and 32by of the middle layer to



a heater configured
el evat or configured
nount ed t hereon and
di'sposed on the lid
conprising a rotary

to heat an atnosphere inside 15 the process chanber; an
to nove the lid up and down along wth the hol der
hol di ng the target substrates; a rotation nechanism

to rotate 20 the holder, the rotation nechani sm

shaft having a hollow structure with a thin wall, and a

support unit that supports the rotary shaflt rotatably through a bearing and
a sealing nenber, wherein an inner gas passage for cooling is forned inside

the 25 rotary shaft

, While an outer gas passage for cooling is forned

between the rotaeylshaf bnandighe puRRelglesUNZbx Amd 3225 JE idective gas
supply section configured to supply an inactive gas for cooling into the

i nner gas passageeandatbe,odberhgas apassdgat CanlHd orertiexadthrough.

heat - processi ng apparatus 5 according to claim8, wherein the rotary shaft
has an interior diviTihed liomtear Upyer dred droverdgubmiittns byoalgattiti on wal |
near which the sealing nenber is disposed outside the rotary shaft, such
that the inner (gaslpagsagé&eand fekd potrdr Syasnsassagxh@ustt aramwtd above 10

the partition wall,

while the |ower portion of the interior of the rotary

shaft bePow t h&opaed peal kel frongpsice ®ardiiddom galihe Yer tThaY
heat - pr ocessi ng apparatus according to claim8, wherein, within a region
where 15 the o8tér r§88eF4dyady ronPsched thé feest v iditarand hrovi ded with

proj ections or

recesses for d
e vort | oa Chexbans i ekRr, lane Aetel 3 2o

rotati on nmechanism.

eatradi ati on torqegﬁfn an quter surface. 11.

& dARE SHERE n the

section CLS. As indicated with arrows, cooling

water

(water at normal temperature) is supplied and

10 circulated through the cooling passage 32 from the

feed port 55 to the exhaust port 56.

As described above, the narrow clearance gap Sb is

formed between the top of the 1lid 5 and the bottom of

the turntable 20, to allow an inactive gas to flow from

15 the center to the periphery. A gas buffer 57, which

is annular and continuous in the angular direction,

is formed between the top of the 1lid 5 and the bottom

of the turntable 20. The gas buffer 57 is a cavity

defined by a combination of annular grooves respec-

20 tively formed in the top of the 1lid 5 and the bottom

of the turntable 20. Nitrogen gas flows through the

clearance gap Sb into the gas buffer 57 after it passes

through the inner gas passage and outer gas passage

inside and outside the rotary shaft 16. Since nitrogen

25 gas 1

s pooled in the gas buffer 57, a process gas from

inside the furnace is prevented from leaking to a

region around the rotary shaft 16.



20 further conprises a turntable connected to a top end of the rotary
shaft, such that the turntable and the |id face each other between which a
smal | cl earance gap and an annul ar gas buffer connected to the small
clrearance gap are interposed, and wherein the rotary 25 shaft is arranged
such that the inactive gas passes through the inner gas passage and the
outer gas passage, and then flows throughig he snmall cl earance 26 gap into
the gas buffer. 12. The vertical heat-processing apparatus according to
claim8, further conprising a cooling passage forned in the support unit

around the outer 5 9ﬁ$s§ﬁﬁ§§?? tReakboWidatonkalt pire ckls@Wnigherpidyaugh, and
a cool ant supply section configured to supply the coolant into the cooling

passage. 13. Theayestdtay beathpsospBsdngeAppPanaluseacededirdgattd ol aim 12,
wherein the cooling passage is 10 helical. 14. The vertical heat-processing
appar at us accongthgniemcl i didRosatiesri theéheidobl i nrpipasiageovaiyid ses a
plurality of stages separated in a vertical direction by a partition
nenber, in whigh sodndowvcato 16pénoantotéssar eEheofnedate glrdw3a odoad ant to
pass therethrough. 15. The vertical heat-processi ng apparatus according to
claim 125 withverticeli beawhprecepseingofiingapassdageThe rotmtdonat | east one
of opposite 20 surfaces of the rotary shaft and the support unit is

provi ded with Ppeeperis®nsSotsreeedsEsrf 6ptaEANY £REi RPpén 13, which

Ay ALY, Ay A& A, Ay& A Ay, A9 Af NO. ALL. ANO. A9 ATO. A .

9. AAL. A& AF. A{@?k@%@@?%%@?%&@.%ﬁ&?’ﬁ ¢eulotherfppg: Fhe rotation

o o) cal col aleate cal caloalealre) ealesloalgakoalsaloa) Galecd oal ool oa

support unit 19 that supports the rotary shaft 16 rota-

10 tably through the bearing 17 and the sealing member 18.
The rotary shaft 16 has a hollow structure with a thin
wall, such that a cooling gas can flow inside and
outside the rotary shaft 16. On the other hand, the
support unit 19 is provided with the cooling passage

15 32 surrounding the upper portion of the rotary shaft
16, and supplied with a coolant, such as water, flowing
therethrough. This arrangement makes i1t possible to
sufficiently cool the rotary shaft 16, so as to improve
the durability of the bearing 17 and sealing member 18.

20 As a consequence, this arrangement can be applied to a
heat process performed at a high temperature of, e.g.,
about 1200%C.

The interior of the rotary shaft 16 is divided

into upper and lower portions by the partition wall 33,

25 near which the sealing member 18 is disposed outside

the rotary shaft 16. A cooling gas, such as nitrogen

gas, flows inside and outside the rotary shaft 16 above
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passage 32.
The cooling passage 32 is formed helical around

the rotary shaft 16. This arrangement allows cooling

15 water to circulate without stagnation, and also allows
the rotary shaft 16 and support unit 19 to be exten-
sively cooled in the longitudinal direction of the
rotary shaft 16. The cooling passage 32 comprises a
plurality of stages separated in the vertical direction

20 by the partition members 62 and 63, in which the
communication holes 51, 52, 53, and 54 are formed to
allow a coolant to pass therethrough. This arrangement
allows the helical cooling passage 32 to be readily
fabricated.

25 The top end of the rotary shaft 16 is provided
with the flat portion 35 to which the turntable 20

is fixed. At least one of the flat portion 35 and
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turntable 20 to the rotary shaft 16.
5 The turntable 20 connected to the top end of the
rotary shaft 16 can rotate on the 1lid 5. Between the
top of the lid 5 and the bottom of the turntable 20 is
the clearance gap Sb for an inactive gas to flow from
the center to the periphery, and the annular gas buffer
10 57 for pooling the inactive gas. This arrangement can
prevent a process gas from leaking from the inside of
the furnace, with a simple structure. Since this
obviates the need for a complex labyrinth structure,
the cost can be reduced.
15 The present invention is not limited to the
embodiment described above, but can accept various
types of modifications and changes within the spirit
of the present invention. For example, the wafer boat
13 may be formed of a material other than quartz, such
20 as silicon carbide or poly-crystalline silicon (Si).
The reaction tube 4 may be formed of a double-tube
structure having inner and outer tubes. The cooling
gas 1s preferably an inactive gas, but may be a gas
other than an inactive gas. The coolant is preferably
25 water, but may be a liquid or fluid other than water.

The vertical heat-processing apparatus according

to the embodiment described above is an only an
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For example, the vertical heat-processing apparatus

5 may be configured to perform a process other than
diffusion, such as CVD (including pressure-reduced
type), oxidation, or annealing. The embodiment
described above takes a semiconductor wafer as an
example of a target substrate, but the present

10 invention may be applied to an apparatus for process

another substrate, such as an LCD substrate.
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a furnace port; a lid movable up and down to open
5 and close the furnace port; and a rotation mechanism
disposed on the lid to rotate a holder that holds a
number of target substrates,
the rotation mechanism comprising a rotary shaft,
and a support unit that supports the rotary shaft
10 rotatably through a bearing and a sealing member,
wherein the rotary shaft has a hollow structure with a
thin wall, and is supplied with a cooling gas to flow
inside and outside the rotary shaft, and the support
unit has a cooling passage surrounding an upper portion
15 of the rotary shaft, and is supplied with a coolant to
flow through the cooling passage.
2. The vertical heat-processing apparatus
according to claim 1, wherein the rotary shaft has
an interior divided into upper and lower portions
20 by a partition wall, near which the sealing member
is disposed outside the rotary shaft, such that the
cooling gas flows inside and outside the rotary shaft
above the partition wall, while the lower portion of
the interior of the rotary shaft below the partition
25 wall i1s opened outside.

3. The vertical heat-processing apparatus

according to claim 1, wherein a clearance gap between
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5 4, The vertical heat—processing apparatus
according to claim 1, wherein the cooling passage is
helical.

5. The vertical heat-processing apparatus
according to claim 1, wherein the cooling passage
10 comprises a plurality of stages separated in a vertical
direction by a partition member, in which communication
holes are formed to allow a coolant to pass
therethrough.
6. The vertical heat-processing apparatus
15 according to claim 1, wherein the rotary shaft has
a top end provided with a flat portion to which a
turntable is fixed, and at least one of the flat
portion and the turntable is provided with a recess
formed therein to reduce an contact area therebetween.
20 7. The vertical heat-processing apparatus accor-
ding to claim 1, wherein a turntable is connected to
a top end of the rotary shaft and is rotatable on the
lid, such that between a top of the lid and a bottom of
the turntable is a clearance gap for an inactive gas to
25 flow from a center to a periphery, and an annular gas

buffer for pooling the inactive gas.

8. A vertical heat-processing apparatus, which
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5 port at a bottom;
a lid selectively open and close the load port of
the process chamber;
a holder configured to hold the target substrates
stacked at intervals within the process chamber;
10 a supply section configured to supply a process
gas into the process chamber;
an exhaust section configured to exhaust the
process chamber;
a heater configured to heat an atmosphere inside
15 the process chamber;
an elevator configured to move the lid up and down
along with the holder mounted thereon and holding the
target substrates;
a rotation mechanism disposed on the lid to rotate
20 the holder, the rotation mechanism comprising a rotary
shaft having a hollow structure with a thin wall, and
a support unit that supports the rotary shaft rotatably
through a bearing and a sealing member, wherein an
inner gas passage for cooling is formed inside the
25 rotary shaft, while an outer gas passage for cooling

is formed between the rotary shaft and the support

unit; and
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disposed outside the rotary shaft, such that the inner
gas passage and the outer gas passage are formed above

10 the partition wall, while the lower portion of the
interior of the rotary shaft below the partition wall
is opened outside.

10. The vertical heat-processing apparatus
according to claim 8, wherein, within a region where

15 the outer gas passage is formed, the rotary shaft
is provided with projections or recesses for heat-
radiation formed on an outer surface.

11. The vertical heat-processing apparatus
according to claim 8, wherein the rotation mechanism

20 further comprises a turntable connected to a top end
of the rotary shaft, such that the turntable and the
lid face each other between which a small clearance
gap and an annular gas buffer connected to the small
clearance gap are interposed, and wherein the rotary

25 shaft is arranged such that the inactive gas passes
through the inner gas passage and the outer gas

passage, and then flows through the small clearance
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gap into the gas buffer.

12. The vertical heat-processing apparatus
according to claim 8, further comprising a cooling
passage formed in the support unit around the outer
gas passage to allow a coolant to flow therethrough,
and a coolant supply section configured to supply the
coolant into the cooling passage.

13. The vertical heat-processing apparatus
according to claim 12, wherein the cooling passage is
helical.

14. The vertical heat-processing apparatus
according to claim 12, wherein the cooling passage
comprises a plurality of stages separated in a vertical
direction by a partition member, in which communica-
tion holes are formed to allow a coolant to pass
therethrough.

15. The vertical heat-processing apparatus
according to claim 12, within a region where the
cooling passage is formed, at least one of opposite
surfaces of the rotary shaft and the support unit
is provided with projections or recesses for heat-

radiation.



