- 1 - QUTER TUBE MADE OF SI LI CON CARBI DE AND THERVAL TREATMENT SYSTEM
FOR SEM CONDUCTORS [ DETAI LED DESCRI PTI ON OF THE | NVENTI ON] [ TECHNI CAL
FI ELD] The present invention relates to an outer tube nade of
silicon carbide, which is used in a thernal treatnent systemfor

sem conductors, such as a | ow pressure CVD system for deposi.ting,

e.g. , apolysilicon film a nitride filmor another non-oxide film
on a surface of a sem conductor wafer, and a high tenperature thernal
treatment system for depositing an oxide filmon a surface of a

sem conduct or wafer. [ BACKGROUND ART] For the outer tube used
in |low pressure CVD systens for thermal treatnent of sem conductors
and reactors for high-tenperature thermal treatnent, quartz glass has
Jbeen used, for exanple, for reasons that it is easy to obtain

hi gh-purity glass, it has a thermal resistance, it has a | ow therma
expansi on coefficient and a small thermal stress generated, and it is
excellent at thermal insulation due to a |ow thermal conductivity.
When a dePIOSER eHUBE| YRPE QFn8LLEFPNCGARPLIDE AND, THERMALe TREAIMENT,
use of an_outer tube nmade of silicon carbide has been recently
proposed F¥SHEY pEOR | SEMICANOULRARSt e 2

[DETAILED DESCRIPTION OF THE- INVENTION]
[TECHNICA]&: FIELD]

The present invention relates to an outer tube made of
silicon carbide, which is used in a thermal treatment system
for semiconductors, such as a low pressure CVD system for
depositing, e.g., a polysilicon film, a nitride £ilm or another
non;oxide film oﬁ a surface of a se_miconductor wafer, and a high
temperafure thermal treatment system for depositing an oxide
film on a surface of a semiconductor wafer.

[BACKGROUND ART]

For the outer tube used in low pressure CVD systems for
thermal treatment of semiconductors and reactors for
high-temperaturethermaltreatment,quartzgiasshésheenused,
for example, fo? reasons that it is easy to obtain high-purity
glass, it has a thermal resistance, it has a low thermal
expansiancoefficientandaismallthgrmalstressgenerated,and

rit is excellent at thermal insulation due to a low thermal
conductivity. When a deposited £ilm is a polysilicon £film or
a nitride £ilm, the use of an outer tube made of silicon carbide

has been recently proposed from the viewpoints that the



difference in thermal expansion coefficient between the deposited
filmand quartz gl ass causes the deposited filmto peel off in a
system and contam nate a wafer and that the thermal resistance is
further inproved (see Patent Docunments21 and 2). However, the
use of silicon carbide has a problemthat fracture is easily caused
due to tensile stresses or bending stresses nmainly generated at three
| ocat i onsd#% £ H-aiee GishoMerhal Fégpars 0bn Pabent 1 DogHEBEtdeen the
(corresponding to Fig. 4 of the application) since silicon carbide
has a hi ghesod hesdret i lax pand imneidliaientavard ahki depostihedmdlilnm to
conductivity than quartz ‘glass. The use of silicon carbide also has a
probl em tgadl afi £0in Angy & hée ppdsecn bat ieere ahea Hat end thet aid: ahbasal
_is apt to be seized because of silicon carbide having a high thernal
conduct i wdgyi stanted He fastbeal imgrabed i fsed Pathatcbocemenpail edd 2) .
easily. As one of the measures, it has been proposed a nethod
(her ei nbel ow, Hefwervieed ttheasismeaduse 1Aronmherezbndehbadi st pnoblbnt kah
the bottom surface of an outer tube nade of silicon carbide and the

| onest erfdasfturehdat @asid senvmeda duengrhtens20e atiresseengerbending
order to locate an 0-ring physically away froma heat source (see

Pat ent DediRsfesINaindy geseratefeasutereetlerat ered Jor dhosedCashown
met hod (hereinbelow, referred to as neasure B) wherein a seal ring is
i nt er poséd BéBwedrPh Ratife Dot tSuef CPEHESHEBEIBY &P 15iGhn 4cafbtiae
and a base and wherein an inngr, peripheral portion of the fIangle t hat
i s radi al¥RPImGAE i art 13 fare Hhie Fedfan lré,eilga%oﬁ-.t%%%rtW%%a

ted by the b Pat t. Do t . 3 it
o e P REERLGT SRy SR By B HErGn R BRL 28GR AT br v T bR gihan
This is b .t i ly d d to deal .wit |
of 51 cONANMPLRlage onbrg REZaE Borites FASPETFstlod hitre P Teh Ton
spread i, 0Lhes 1Bl Dol 10,2008 1 JLDELAT Lbe | QUBL 608 Ofade

heater near to a base”in or. I ncrease the nunber of sili¢

vaf ers t %glﬂetcg 8l de #é@ Pl 2 SNSE T8k itcro?la%g‘ﬁg{ a8 W3LAMS Qhigh thermal

sem conducCtors, such as a low pressure CVD system Fromthi's

Vi eWpoi NonfR@IYRAL Ol HEd th@%agfééﬂ Endahave tReen cderarded i 4 £rafd
nor e. "Additionally, the dianeter of silicon wafers has been
further ingregsed from 200 nm to 300 mmor |onger, and the inner

di aneter of outer tubes has been accordingly increased to 350 nm or

| onger. For thhs bfased, the nlastaee,ofitateRt renasosdd d hetthddb
a possibility that the flange of an outer tube is insuf f iciently
cool ed andetkanbed ovnsukficcirent toeaki ngapnesshy ewltanabh thevdidtangas
from | eaking since an inner peripheral portion of the flange
suppor t etbebyegnbabe bad tlom euwdistcee tofarrd: siuicer tthiba omtde tof oriatiom
changes according to a thermal treatnent tenperature. I n ot her
wor ds, neambader endother lowastneaduré A beaheusisess8t ahizhlength of
produce an outer tube nmade of silicon carbide satisfying the

requi r emBAPsIMsPE N @RISR Jhxsiade tion lacaket e, Oahinaceleasicahly away

t hroughput, and prevention of contam nation caused by particles, have
not beenfEPE?p%EléaF source (see Patent Document 1) . As another measure,

it has been proposed a method (hereinbelow, referred to as

measure B) wherein a seal ring is interposed between a flange
of an outer_tub_e made of silicon carbide and a base and wherein
an inner peripheral portion of the flange that is radially more
inward than the seal ring is contacted to and supported by the

base (see Patent Document 2).



Pat ent Docunent 1 JP-A-9-251991 (page 1 to page 7 and Fig. 1) Patent

Docunment 2 4 JP- A-10- 195657 (page 1 to page 8 and Figs. 1 to
7, in particular Fig. 7) [D SCLOSURE OF THE | NVENTI ON] [ OBJECT TO BE
ACCOVPLI SHED BY THE | NVENTI ON| ¥t is an obj ect of the present

invention td provide an outer tube nade of silicon carbide, which is

capabl e of having durability in spite of an increase in dianeter,

spreadi ng an i Suwersm) ilhdedd bgenonecdmrindiggieuvt hecd bheugbpulleayth

onetinme and m nim zing contam nati on caused by particles. [ MEANS TO

ACCOVPLI| St THED @BJBCTlonger. This is because it is strongly demanded
to deal with a large volume of silicon wafers at one time and
bec_ause there is a tendency to spread an isothermal heating zone
or to bring the lower end of a heater near to a base in order
to increase the number of silicon wafers to be dealt with in
a thermal treatment system for-semiconductors, such as a low
pressure CVD system. From this viewpoint, measures other than
measure A have beeﬁ demanded more and more.

'Additionally, the diameter of.silicon wafers has been
further increased from 200 mm to 300 mm or longer, and the inner
diameter of outer tubes has been accordingly increased to 350
nmtor‘longer. For this reason, in the case of adopting measure
B, there is a possibility that the flange of an outer tube is
insufficiently cooled and that an insufficient sealing pressure
cannot prevent a gas from leaking since an inner peripheral
portion of the flange supported by a base has line contact and
since the contact location changes according to a thermal
treatment temperatﬁre.

Inotherwords,nonmasuresotherthanneasurezaormeasu:e
B, which can produce an outer tube made of silicon carbide
satisfying the requirements, such as an increase in diameter,
an increase in throughput, and prevention of contamination
caused by particles, have not been proposed.

Patent Document 1

JP-A-9-251991 (page 1 to page 7 and Fig. 1)

Patent Document 2



The present invention provides an outer tube, which is nmade of
silicon carbide, and which has an upper portion closed and a | ower
portion opened, has the | ower portion formed with a tapered portion
so as to expand a dianeter thereof toward a | ower end thereof, and
has a flange formed on an outer peripheral side of the | ower portion;
the follow ng conditions being net: 1) a ratio of tini is from0.0067
to 0.025, 2) aJgpraduotl1oB6etaxDbaige fir am ERGe @ 4ndOFigER)L, £3) 7, in
(DF2-Dpl)xta/ (Di Xta) is.from0.1to 0.7, and 4) L1/L2 is from1l to
10; parmtiend atrth&igut & tube has a thickness of ta (M) and an

i nner dianeter of D1 (mm, the flange has a thickness of ta (M), an
i nner di dPESELOSTREPOF( MHE JIhVENTION]er di ameter of pF2 (nm), and the
tapered portion has a height L1 (mr) and an expanse of L2 (nm.

[ EFFECT (OPBTBETI RVERE|l ANCOVWRET SHED By HEL INBENTIION]i s used in a

t hermal treatnent system for sem conductors, the distance between
the | ower edgétdifs apeobieatepfdarie Pheshatdreewnbeors hommmadis ancettdre
novel outer tube is formed so as to satisfy the particular

condi t i ofigbeBpadpi sfapidngeremprbine /| §7§ttlﬁ‘é¥ sl caeabiley ofodeviamg be
enlarged to the'increase the throughput of wafers at one tinme_in a

t her mal EBPEaPHEAEYsYRt BREFBr oS efi cHMeRIY st difpatiay nFryeasling an
tube. In,accordance with the present invention, the outer tube can
cope Wi { hSSRRPHER LA HGiZR EP WPEFBYT S grivy ity Shia tha s on tt me

special projection for su orting.the fl ange, of the,oyter tube.

Addi t 1 ondPRyTRHBL BiEg, SPRbETABE AR G0HAEAG R Y0P BER Aig SSuper i oF i n
dur abi | i cqL di i e tube is free from probl ens,
such as @ﬁ%mﬁ%a ég%egéf\ép{'%ggneﬁﬁsépﬁfgéﬁnt sealing pressure in the
case of contact and i opection, .and.insufficient,
cool i ng of thgﬁlﬁo%ﬁge o?yfﬁ’g\géo%?%?ﬁtu cgj.:l(%eg%iatrll (%ﬂﬁls,t%eé r‘f’(%l\ilé‘l% -8

outer tubesbase %@ﬁg@w&a@si £, ayQidi e%()@g%ﬁﬁhf\@é%%@%&ﬁ% WY ¢sea

particles since t outer. tube'is na I co
and a lower portion opened, has the lower portion formed with

a tapered portion so as to expand a diameter thereof toward a
lower end thereof, and has a flange formed on an outer peripheral
gide of the lower portion'; the following conditions being met:

1) a ratio of t./D; is from 0.0067 to 0.025,

2) a product of t.xD, is from 600 to 4,000 (mm?),

3) (Dpz-Dp1) Xte/ (Dixts) is from 0.1 to 0.7, and

4) Ll/L; ig from 1 to 10; N

where the outer tube has a thickness of t; (mm) and an
innexr diameter of Dy {mm) ' the flange has a thickness of t. (mm),
an inner diameter of Dy; (mm) and an outer diameter of Dg, (mmi ;
and the tapered portion has a height L; (mm) and an expanse of
L, (mm).
[EFFECT OF THE INVENTION]

When the novel outer tube 1s used in a thermal treatment



[ BEST MODE FOR CARRI NG OQUT THE | NVENTI ON) The i nventors
performed a stress analysis on a case wherein conventional outer
tubes (hereinbelow, referred to as "known outer tubes" or "known
outer tube") were used in a | ow pressre CVD system Results of the
stress analysis are shown in Fig. 4. Wien the known outer tubes were
used in the |l ow pressure CVD system nain stresses were generated at

the | ocatdyierAfoB eadi&ohtubit8rs4.the distanbeebénveshailte lvikResdge
performed the stress analysis and found that there was a sort of

t r ade- of fof ehatieaitsdy pntihtie Bhed cdn PEELATHE Loned stiakenthd nevear otPer
decrease the stresses generated at the locations A, B and C, the
stress gendveatedfatmadoiders tocait bafwashé maredsed arocoaddesishee I@eat
flowed in an O-ring interposed between a known outer tube and the
base for thsgppertnggmetit, Foheexaophermal heatsupposed cthat béhenlarged
thi ckness ta of a known outer tube is reduced in order to decrease

t he stres$s Yeadratredsat thadHwopalipit Af widiewert one ksmenposstidena b
i ncrease the dianeter of the known outer tube due to | ack of

mechani c&iresi-memndt sy $henfior sapacomdneerrelysingshetinvahpokressibe.
of an outer tube is increased in terns of nmechanical strength, th.e
0-ring i $nNsargegddangee vakbesbehpaesenowsnvangipswethenduper t hebeuran
tube, due to the_ high thermal conductivity of silicon carbide, to
such a dég§PEeviklt 2RhdnREGRSGehBr AEBUCERECEHENPHE REOYIHiNG dpiRase
Fromthi s viewoint, the outer tube according tq the present

i nventi of‘(lﬂlhe?L EPRGEPIPTPEEEF 101 BT SUPPRYEe 9&}}%?1%}5@")13 fhe outer
configured,so t .1he noyel outer tube has_a thickness |imt ,
oCor di nEUPE: A GHERRR LY ner BB oHTE o i PRk Byt PRErEREBRE e st
transfer from.a_hot portion.to a.cooled |ower end of the outer .tube
175 cor PAPRTS Brgen REtER TRt Poy AR AL, s enoSr B hnrube Y

enbodi ropt cofc LR JIASEINS | IR banuLldc he. SXRLA Deden TSI NG 4

t he acconpanying draw ngs. a ‘ver Cr G6Ss-Sectional Vi ew

o Lo BN Rl 1. S AT g ML
t ube. projection, and insufficient cooling of the flange of the ocuter
tube. Additionally, the novel outer tube has an advantage of
avolding contamination caused by particles since the outer tube
is made of silicon carbide.
[BEST MCDE FOR CARRING OUT THE INVENTION]
The inventors performed a stress analysis on a case
wherein conventional outer tubes (hereinbelow, referred to as
“known outer tubes” or “known outer tube”) were used in a low
pressure CVD system. Results of the stress analysis are shown
in Fig. 4. When the known outer tubes were used in the low
pressure CVD system, main stresses were generated at the
locations A, B and C in Fig. 4.

The inventors.further performed the stress analysis and

found that there was a sort of trade-off relationship that when



The novel outer tube 72 has an upper portion closed and a | ower
portion opened. The outer tube has a lower end fornmed 7 with a
tapered portion 72d, and the | ower end has an outer peripheral side
formed with a flange 72c. Wen the out@er tube has a thickness of ta-
(mm and an inner dianmeter of DL (mm), ' when the flange 72c has a

t hi ckness of tc (mm , an inner dianeter of Dn. (mm) and an outer

di amet er LheREAreMAY takadinherddhed aperedspaiid 8nré2debBageie het ghit
L1 (nm and an expanse of L2 (mm) a ratio of ta/Di is fromO0.0067 to
0. 025, apra@ ahpr odueliefhd axpB badf ContB80st peds086nénated. adhenother
product taxi)/ is relevant to the anmount of thermal transfer since
taxD i s lpcepdidn aaal ihertheedr, 088-secdsoiad lavega flllvated snobhad nethdy
slicing the outer tube. Wien the ratio of ta/D2 is |ower than
0. 0067, timtreposeal etsidsn id kridval cuiprobiwme isndadsedase tievms of
mechani cal strength. Wen the ratio of ta/D is higher than 0.025,
there issappossiig ity that edrpdmudt bé supposdd thatsthe Peodmesss
excessive and the flange is subjected to a great stress (a stress
gener at edaaf th&kripoatdwreA iubdiip wduced in guddrrigbldequrase Here
ratio of ta/D is fromQ.01 to 0.02. Li kewi se, when the
product 6treggslPeRsrfbférat e dogataeR A, tHfevss atpbgslirmcrsﬂble
that a problemis caused _.in terns of pechanical strength._Wen the
product &P tBLDR2F§ RbgheiargiRT4CH00LENRPYIt REFRT| 'éu e poe’i e | fask
that the anobunt of thermal transfer becones éxcessive. The r odu t of
t axDi |s°§r@ﬁ€P§BP§aﬁo§q?%ﬂ¥?1Pﬁhﬁh?%xﬁ?%%ﬂﬂyonvﬁﬁﬁé HPeV F&bl €not

hi gher t e novel outer_tube the

fl ange 7g§1°¥ﬁgsﬁl%§gﬂ%’z‘8u§%¥\‘fé@et £ ratrea s Pri ot P ﬁ%e 1167k,

and 72d OL te::qgthB the O-ring is seized since excess heat flows in a lower

end of the outer tube, due to the high thermal conductivity of
silicon carbide, to such a degree that the heat generated
exceeds the cooling capacity.

From this viewpoint, the outer tube according to the
present invention (hereinbelow, referred to as “novel outer
tube”) is configured so that the novel cuter tube has a thickness
limited according to the diameter thereof 1n order to f:eep the
amount of heat transfer from a hot portion to a cooled lower
end of the outer tube in a certain range. Now, the novel outer
tube according to an embodimen;t: of the present invention will
be explained, referring to the accompanying drawings. Fig. 1
is a vertical cross-sectional view of the novel outer ;ube
according to the embodiment, and Fig. 2 is an enlarged vertical
crossfseétional view of a flange of the novel ocuter tube.

The novel outer tube 72 has an upper portion closed and

a lower portion opened. The outer tube has a lower end formed



outer tubes except for the flange from expanding since the flange is
at a tenperature near to roomtenperature even in use while the
portions of the outer tubes except for the flange are subjected to a
hi gh tenperature in use. As a result, bending stresses are generated
at the locations Band Cin Fig. 4. The bending stresses are not
al l owed to be excessively great since the bending stresses are

great er i@ OoPOFspe&Rediopbheibat 72d0f ah@/ the (DBVeaSehlentat ha oehitthe
thickness tc of the flange to the thickness ta of the outer tube. _
Si nce thepdtapigerPeide Tovmald withod el drigem7blee owhen e igpiteratube
side thereof, "‘thermal stresses are generated because of a tenperature
di f f er endeaded eeickihess noert anthmiutaerd per iiphenaldismaeert kdr €f (mb) , -
i s supposed that the thermal stresses becone greater as a ratio of

( DF2- DF1l)wHdn thecbhasggreat baswhehéckhnehe omber(rdi)anet emmefr dhemeter
flange 72c is DF1 the outer dianeter of the flange is F2, the

di f f er encet Pef weeh arltbanmereraddavater aff Brpi{sns, ¢ind Weefi|thiggeapsred
(Dpz-Dn) , and the inner diameter of the outer flange is D1.

Consi der ipwy ttim ctithdass on hisdohdedn s(mm) aandremmkpantsalopladions, a
there is a possibility that when (te (DF2-Dn) ) (taD ) as the
product ofattie of &adD{ Ot D)W Oi- 08%6Feeds00075, t Ardndvetodigerot (auDi s
broken by the thermal stresses. The value of the product is

pr ef er ablyF fgOThiERRerta Ha® 08, 6mmvbr e ThefREMISE Hot<Thi gﬁei‘-’e%ﬁ‘éﬁng 5o
On the other hand, when_the value of the product_is |lower than O,
there i s HHEPHY Py thRaPakeERARPESF SiRERgEH TS 1FnEEPPPEFéﬁPa%’e‘ﬁ
the inner _dianeter is i.ncreased. The val u of, t duct

bt of e abI L O BTER ARG 3Tt bridt BPLBLPSGEY I ich e @pcer
0. 25. By maklngtheflange 72c smaller, it is p055|bleto
decr ease i:fulll:’e 't her mal stresses '.e., to decrease tc or (DF2-DFl)

However, in thwsle%a%?1 3 he lo% % %3 1dd & tal, then Pt | dls? Fa?

sei zed due to la ernal ef area for coollng an

a_probl erg Es%%iﬁ thNch8ENg oﬁf@rh'ﬂg Ahiddd ¥rdverha Saspldn sl

w dt h of e seal e ortiron. Fromthese viewpoints, It Is prefe

that not seryengttfiae r ghahi enships: St %d/g_arrllel ®figNeg $ALhSHI §8ls bUEhé’ééO
t (D2-DF1) isfrom 150 to 1,200 (mMm® he product tc (DF2-D1) is

nore prefigr abbyseebihawes thﬁ@ntﬁﬁoaﬁlﬂﬁﬁ}: oflﬂh@ﬁﬁélCﬂfﬂxﬁsﬂéﬁfI@é@&ﬁé@,
not |ower than 250 (mMmR) On the other hand, the product tc (D2-D1)
IS nore piefelsdRleyanat: Ha gheﬁgéh&wsﬂbj)@@téﬂnﬁ)agxie@tp@tfeeyl(erstress
preferably not higher than 800 (mMm®) . The novel outer tube
72 i s ef getkire¢ddnaantdecieasteiom & Her Fiy . ¢ ¥ essEs isi peeféheblapaiam
portion 72d is provided at the | ower end of the outer tube so as to
expand t hidei madrd odicdnet.@P: ofst ficomud eP1t ubeds0d2t hat the effective

| ength required for thermal conduction can extend to reduce the

t enperature gradkemtiseThéren sieamodictt hé thxPeriedl porx tbanBID (8m?) ,
"represented as a ratio of L1/L2 wherein the height of the tapered
portion t&ere denp 2o ikl ldpartdiacn a mroklfn fisnmprset dndemes of
tapered portion 72d intersect is L2 (n). The gradient of the tapered
porti on wgghghicad AEVENRIsHt erwb%ethrez rRfwsE Ploke Pt 4s1bighpe than
gradient of the tapered portion 72d t he novel outer tube 72 is

pr ef erabl4y 0000 B )to té“"?ﬁ)ﬂ@p%?%?%b?%/lﬁlﬁrﬁl’?‘i &hs ampynt of thermal |

transfer becomes excessive. The product of t ,xD; is preferably
not higher than 2,000 (mm?), more preferably not higher than
1,400 (mm®).

The novel outer tube 72 has the flange 72c¢. The flange

72¢ gserves to restrain main portions 72a, 72b and 72d of the



When the tapered portion 72d of the novel outer tube 72 has upper and
| ower edges of an inner peripheral side rounded with a radius of 2 mm
(R2) or above, stress concentration can be avoided. This arrangenent
is preferable in particular when the ndvel outer tube is used for

hi gh tenperature application. It is nore preferable that both edges

of the tapered portion 72d are rounded with a radius of 4 nm (R4) or

above. | noQEder chBeRr %eBbrSELENGhE ElgALReirngn edpueadiRy d:isekatel
caused during manufacturing, it is preferable that an inner surface

of the tapesgge Py bicoa &2@&@%@@uéfaac@orzqstgmr&%@e%t%fren?{r?ﬁrﬁ@h%
e

than 7 p.m It is nore preferable that the inner Surface o
t apered p@hii@nhE?@olas oasSHf ftdee ohevghtebss Rk ipth@brof kat@alarddan 3
pm It is further preferable that both edges of the tapered portion
72d are reousjlestadtto & tadhiseabe2atireR2h G8cabque,a daduliRat behaing
i nner surface of the tapered portion 72d has a surface roughness Ra
of not greatessédanrs/ gpmerated atAshd dvgaadonkeBrv@lc oHt®ig! yhe TRBe
is made of silicon carbide for the .purpose of treatnent of
sen condustnd :g tdteresdes poel not talticoved aot he exdeys mlelof grkatnsirte
outer tube. It is preferable that the material has such a high purity
t hat t he Wondemdialg et refssesparetdesatgpiicaplrpprepiesent ethebyakeoi of
not hi gher than 50 mass ppm In order to increase the durability
agai nst rtegé&at Eemhwashithg bytdeiaf tdechhaskppessit. p§ wine &£ langfeitabtke
that the novel outer tube has a surface coated with a filmof silicon
car bi de Hipikmess ta offHdiee qubeto Hubftati on to how t he -novel outer
tube 72 is fabricated. The novel outer tube_maybe fabricated by,
e.g., 11 a nEtRsE W& &ilRngs iTRCedFaPry MRt dedogtericFEonsthakegter

t ube

a

The novel outer , be fabrjcated.by independently nolding and
baki ng t R§ eﬁ?é’]r Fg%fferf?}? Fh@rmﬁbgtﬁﬁaﬁqeps?%emyetrﬁéeﬁ%%a%us@c
t hereof, foll qwed by .bondi hese rts wiwth,. e.g., an adhesive
. made of Os%al (?Céarlinpceal?/abrilﬁree. drk %erenc#ﬁ%e%%?/%l? St efmﬁfbea quter
r ef er abl t he t of.,a.thernal_ tr nt .s em far
gen‘i cond ct%i%,%%éc hé]ladseoé; ﬁ‘#%&:’ssgﬁ: e "A/B S sotséer?’l]e %%1% Eghheyzctrl?ermaq
ehe LRS! S

t t t i |
enpera wt%eglﬁﬁeéan@ prt(%%se@ | Ig&ewoys )Zﬁ_ﬁt

superi-or in ity ar ctivity’ 3''sHows''A"¢ase wherein
the novelg, Qut@sh: tiRE A2 ithdISemhd @ WY eSS Wi GRSystem 1The | ow

pressure CVD system 60 1 ncludes a reactor wall 63 conprising a net al
casi ng 6knanduBethelambtéApH aheon SREETH Al 52 t hENG1 EEBELERR W { b3
has an inner peripheral side provided with a heater 64. The reactor
wal | 63 hag anheweansl datehodedmbyetsbagethe. flhagbass €H:1a5,R, and
central portion formed with an opening for-introduction and

Wi t hdr aneheotnaewri ébadateorofvafter subkrafllahbe bpani.ngcosspievifethe
wWth alid 66, which can selectively open and cl ose the opening by
bei ng. vecbmpakligom et wbgnasimasaonnn| afd .acthel pdogfichas aheateis a
boat 50 for |oading the wafers Wput thereon. The wafer boat 50
conpri sepoerdplidtiey BhatbRhand (serpline+Br133 /daarechi ag thermbehveerof
The base 65 has a gas introduction and di scharge port 67. The
base 65 habtaatdalDPuBe)7Prprcadrts o, the ndvall ouber o Lsibplem
i nner tube 71 and the novel outer tube 72 surrounding the outer

peri pher PYsire therigd shressesibe The VRl e yhpe Prrdumv ép ruafarakie

72 conprises_ a geri heral wall 72a
not higher than 0.6, more preferably not higher than 0.5. On
the other hand, when the value of the product is lower than 0.1,
there is a possibility that mechanical strength is insufficient

when the inner diameter is increased. The value of the product

is preferably not lower than 0.2, more preferably not lower than



12 in a cylindrical shape, an upper wall 72b closing an upper side
of the peripheral wall 72a, and a flange 72c provided on the outer
peri pheral side of the |ower edge of the peripheral wall 72a. The
base 65 has an annular recess forned a# a portion in contact with a
bottom surface of the flange 72c.. The recess has an 0-ring 68 or a
gasket made of, e.g. , heat-resistant rubber housed therein to
herneti cal 5 seal the bottom surface of the flange 72c. The
base 65 has an unshown water jacket formed therein to prevent the
0-ring 68 fromdieinnkihenttidantigatie Wid siespest, tix the spptivpdian of
the novel outer tube 72 to a thermal treatnent system for

seni condudcensaing thertde shale siseeqt heat , sysdesréssa d .o ADesSIULE.

CVD system and the like, the inner tube 71 is needed. \Wen the

t her mal tHeatweant isyshdm bassonmehbragi s ikeoasibgh itenpasat the ¢heinagl

treatment system the inner tube is not needed in sone cases.

| n order itoseédededaest o dsxcigefethtedhatmi he taordidwmarBa fioa tbel imy

treatment system for sem conductors using the novel outer tube 72, it

i s prefeerald cheftag preienghs caueed) iof telmst apesedl pogt alohl 724 dse

substantially half of a distance H (mm between the |owest end of the

heat er 64caigsuid Ispervmwigifacel dthe realad rratibeon FoFromamblese t he

relationship of H4<L1<3. H 4 is prefered. The relationship of _

H 3<L1<2Mi3YPeimbFe pitefiér REPESTERARPERAL not onkXape csebitivrships

present invention (Exanple 1 and Exangle é% and conparative exanpl-es

(Exanpl es§agre ERaFpEE ArewphrlEiBé1ed3byRodkse te' (Dr2-De) is from 150
to 1,200 (mm®). The product te* (Dp:~Dr1) is more preferably not
lower than 200 {(mm?), in particular preferably not lower than
250 {mm®). On the other hand, the product tg* (D:—Dpi) is more
preferably not higher than 1,000 (mm®*), in particular preferably
not higher than 800 (mm?).

The novel outer tube 72 is effective in an decrease in
thermal stresses singe the tapered portion 72d is provided at
the lower end of the outer tube so as to expand the inner diameter
of the outer tube so that the effective length required for
thermal conduction can extend to reduce the temperature
gradient. The gradient of the tapered portion 72d is
represented as aratio of Li/L; wherein the height of the tapered
portion is L; (mm) and the expansion that the flange 72¢c and
the tapered portion 72d intersect is L, (mm). The gradient of
the tapered portion 72d of the novel outer tube 72 may be from
1 to 10. The gradient of the tapered portion 72d of the novel

outer tube 72 is preferably from 2 to 8, more preferably from

3 to 5.



EXAVPLE 1 An outer tube 72 nmade of silicon carbide was
fabricated so as to fulfill the conditions of the inner dianeter:
D1=307 (m), the thickness: t3=2.5 (nm, the height: 1,200 (nm, the
t hi ckness of the flange: tc=8 (mm, tR& outer dianeter of the flange:
D2=360 (M), the inner dianeter of the flange: Dn=323 (nm, the

hei ght of the tapered portion: L1=34 (mm and the expansion of the

tapered porti ORheh?eBe(fPperédabortisid0 BRY ofl Lhkeahbel. 8@84r RA)be 72
taxDr=768 (m®2) , 3) (DF2-Dn) Xtc/ (D Xta) =0.39, and 4) L1/L2=4.3.
In this gaseuppbe ggdalbwer afddex CBFanDinE226périRhenad edaltd sl
Additionally, an inner tube 71, which was made of the sanme materi al
as the outieh hubediuwasof abmincdrad se abotve, havecan damesnich Dinbderceaof
260 mm and an outer dianmeter of 268 (m). The inner and outer tubes
wer e conbensdoidgét heTh s aardugkembnbel g preferabl Aidepast i cohapmicess
wherein the dual tube 73 waS used to deposit a doped silicon (D Poly)
CUD fi | mtbe macél cfutsenitobediis twsedvdber b 1yhat e B ese rgpddtaed: i40 .
times. In spite of that the height H of the .heater was | owered to 80
mm whi citwas howerprafiarablé ohat HeotkeigdgesfoR(hanhaperRal gartion
Docunent 1, a defect, such as a crack, was not observed in particul ar
in the odgérarabecydedxpivpt B zadius of gh mut(&4 )t GBeabovaas I eysia
so as to be fabricated in the same conditions as Exanple 1 _except
that thetPhPERNERE ShrEsfitbd fere Pgias sfdycedady. 5 ERFRtch FPacEebf
the equation, 14 O ta=2 .5 (m) , that both ends of the tapered
portion $2ging wanufpgEuringy sdkt1dPHRESERN ¢ Hehdh Rt TR e ERIhe

eri pher al Il 72a and the.inner .surface of_the tapered ti 72d
Bnd the Pht BRSeEEPOREDEPRBEHOT hA2 BRI DA SHFLAEE ORI Bt 2B
t he i nner surface of 7t he tapered porti O? 72E were 1o ndled é‘ﬂi:tst& ace

radi us oPFBARAT (PR 7 Why trat StHE S RAEF SEAPFSCE 2T “Hfret T

. apere

L G5 DRSS P It I O 00
. bl 1 hrined =1

(lIZJ)Fr :DFl) %g?ggxﬁgéghglﬁéhd)ﬁ a{%f[u%ﬁl]e % %%ﬁ%lc%stﬁ he eq)l?éitgie%)n

of tCx( Dgg'@ﬁ’ja)Eﬁ@ré%rﬂ%n%i@@fé%nded with a radius of 2 mm

{R2)} or above, and that the inner surface of the tapered portion
72d has a surface roughness Ra of not greater than 7 pm.

As long as the novel outer tube 72 i1s made of silicon
carbide for the purpose of treatment of semiconductors, there
is no limitation to the material of the novel outer tube. It
ig preferable that the material has such a high purity that the
concentration of impurities typicaliy represented by Fe is not
higher than 50 masé ppm. In order to increase the durability
against repeated washing by acid, such as HF, it is more
preferable that the novel outer tube has a surface coated with
a film of sgilicon carbide by CVD.

There ig no limitation to how the novel outer tube 72 ig

fabricated. The novel outer tube may be fabricated by, e.g.,



When the outer tube thus fabricated was used at a tenperature beyond
700C, the flange was significantly deforned in conparison with the
outer-tube in Exanple 1, and the generated thermal stresses were
increased. However, it was possible tdlavoid stress concentration by
roundi ng both edges and controlling the surface roughness. By using a
dual tube 73 with the outer tube 72 conbined wth the inner tube 71
used i n Examiiod wheriyiocess ifedeRAS) idlded QYR ifd1lani@f bsikedconThe
nitride at 780C was repeated 40 tinmes. The 0-ring 68 was not seized,
and the auhwerl buber/uba@mayobeffantidakd BAVRIEpShdently moAR iR 8hd
tube 72 made of silicon carbide was prepared so as to fulfill the
condi t i oxmkifng hReipmeiphbmietel 1l TX:r3R4e(uUpdes wabe 130 skaass: fl1aagdeb
(mm , the height: 1,300 (m) , the thickness of the flange: t=12 :
(M , theouderaibneicrlofed ey Hdndimmgehe 8F2zifs (wih, tdegi nnan
di aneter of the flange: DF1=328 (mm), the height of the tapered
portion: adhe®ivemmagiwl athesigkdpamsicarlmide he tapered portion: L2=2
(mm , that is to say, 1) ta/D1=0.011, 2) taxD2=1,134 (m2), 3)

( DF2- Dn) xt a/ ( DTkealegedrounad Yybe 172 2= prief erhitd wased aketkquanten
of tax (DF2-Dn) =984 (mmR) was establ i shed. Addltlonally, an inner
tube 71, tWhecAlvi$hegga ot repsngatesyateni tor semdiseonsicdonsubeuchass
prepared sQ as to have an _inner dianmeter of 260 (mm) and an outer

di amet er 20 O¥e@rEFAIre VR st uFandhml g itmeretaiberswihermal
conbi ned toget her as a dual tube 73. A depqsition process
wher ei n FREXGHER Y ﬁb’étﬂ‘ WS ¢ R s iU te D PR IEVFYRI DR in

each of se ductor wafer,s Win a |.ow pressure CVD systemw th
heat er hé{ﬁrﬁé 3 Efé(l gRE Profugbi¥it¥as %Joid@cts Y& 2558eS "er%%ﬁ‘el%le

t ub ked 1 fi Tt [ 1 72
rade of BOPRIcSSEER ke 1 3s hERL s e W ptensing PR S%ﬁﬁéﬂ?gﬁ;

The hei gﬁgﬁrpl%%%@%%ﬁ%ﬁ@%@%%%ﬁ% Fo L e PERE Wil 533l T ing
outer di anﬁéealoéawﬁ?f kangfa QZEffZPEQMnSM)gtwﬂ%aéééggieé%Of Mee

fl ange: he hei ght e tapered portio

t he expaﬂéaeeogf wam@ Isgpﬁggdaﬁqﬁﬁ@f é]?léhém’s{cﬁ@tpfévfﬁeé%yltﬂ)a
tal Di =0. 0065, 2) taxDi =965 (ramp) . 3) (DE2-DI) xtal (D Xta) =L

and 4) LAék2st. chn tThs fé’é@to_{: h@a?ﬂu@illﬁ)é}scé Tswek FPadisded 830 a
(nmR) is established. A deposition process wherein the outer tube 72

is used base 65. The base 65 has a central portion formed with an

nd

opening for in_troduction and withdrawal of semiconductor wafers
W, and the opening is provided with e; lid 66, which can
selectively open and close the opening by being vertically moved
by an unshown lift. The 1id 66 has a wafer boat 50 for loading
the wafers Wput thereon. The waferboat 50 comprises endplates
51, 52 and supports 53 connecting therebetween. The base 65
has a gas introduction and discharge port 67.

The base 65 has a dual tube 73 put thereon, the dual tube
comprising an inner tube 71 and the ncw;el outer tube 72
surrounding the outer periphery side of the inner tube 71 with

a gap. The novel outer tube 72 comprises a peripheral wall 72a



16 to deposit an oxide filmon each of seniconductor wafers Win a
hi gh tenperature thermal treatnment reactor with a heater having a

hei ght H of 150 mmis conducted at 150C. The outer tube is cracked
froman outer peripheral portion of tRé& flange 72c on the first test.
[ | NDUSTRI AL APPLI CABI LI TY] It is possible to provide an outer
tube made of silicon carbide, which-is capable of having durability

in spite of aaByl DAdeasali shabaeietppspredd T2RA1bsoheiRipJeeating
zone to increase the throughput at one tine and m nim zi ng

cont am naff athet PeacibHBrAantdldl eRa,aand aotilahgeube cupedvigeiovn the
pressure CVD systens for thermal treatnent of sem conductors and :
react or s dutfeshipgiritpdrerlattitde shetlrmlloweeatdgatof [ BExDEREBERTHLNL
OF THE DRAW NGS] Fig. 1 is a vertical cross-sectional view of
t he out er72aube Thecbadengs tlmarreahodilpentecésshEopned extt a peentibanin
Fig. 2 is an enlarged vertical cross-sectional view of a flange of

t he out ercanilzetwhaittbel hpthdm evrdfasasef the flabigg. 72ci.s @heereceas
cross-sectional view of a | ow pressure CVD systemwi th the outer tube
used t hefgimangnding 68 ok gasketsmade clientitd ¢, icaw -sieswistigndt rdsises
generated in a conventional outer tube.

housed therein to hermetically seal the bottom surface of the
flange 72c.

The base 65 has an unshown water jacket formed therein
to prevent the O-ring 68 from being heat-damaged. With respect
to the application of the novel outer tube 72 to a thermal
treatment system for semiconductors, when the thermal treatment
system is a low pressure CVD system and the like, the inner tube
71 is needed. When the thermal treatment system is something
like a high temperature thermal treatment system, the inner tube
is not needed in some cases.

In orde:;: to reduce a stress generated at the location B
in a thermal treatment system for semiconductors using the novel
outer tube 72, it is preferable that the height L; {(mm) of the
tapered portion 724 is sﬁbstantially half of a distance H (mm)
between the lowest end 6f the heater 64 and the bottom surface
of the outer tube. For example, the relat;ionship of H/4<l1<3"
H/4 is prefered. The relationship of H/3<L;<2°*H/3 is more
preferable.

EXAMPLE
"Examples of the present invention (Example 1 and Example

2) and comparative examples (Example 3 and Example 4) will be



[ EXPLANATI ON OF LI TTERS OR NUMERALS] 50: Wafer boat 51: End plate 52:
End plate 17 53: Support 60: Low pressure CVD system 61: Met al

casing 62: Thermal insulation materi al
13

shown.

EXAMPIE 1

An outer tube 72 made of silicon carbide was fabricated
so as to fulfill the conditions of the inner diameter: D;=307
(mm) , the thickness: t,=2.5 (mm), the height: 1,200 (mm), the
thickness of the flange: t,=8 (mm), the outer diameter of the
flange: Dp;=360 (mm), the inner diameter of the flange: Dm=323
(mm) , the height of the tapered portion: In=34 (mm) and the
expansion of the tapered portion: IL,=8 (mm), that is to say,
1) ta/Dy3=0.0081, 2) t,xD,=768 (mmz) + 3) (Dpa-Dpy) Xt?/ {Dyxt,)=0.39,
and 4) I;/L,=4.3. Inthis case, the equation of teX (Dpz-Dp1)=296
{mm?) Was established. Additionally, an inner tube 71, which
was made of the same material as the outer tube, was fabricated
so as to have an inner diameter of 260 mm and an outer diameter
of 268 (mm). The inner and outer tubes were combined together
as a dual tube 73.

A deposition process wherein the dual tube 73 was used
to deposit a doped silicon (D-Poly) CVD film on each of
semiconductor wafers W at 550°C was repeated 40 times. 1In spite
of that the height H of the heater was lowered to 80 mm, which
was lower than half of the height of 200 mm in Patent Document
1, a defect, such as a crack, was not observed in particular
in the outer tube 72.

EXAMPLE 2

An outer tube 72 was prepared so as to be fabricated in

the same conditions as Example 1 except that the thickness

satisfied the equation of t,=4.5 (mm) in place of the eguation.



63: Reactor wall 64: Heater 65: Base 66: Lid 67: Gas introduction and
di scharge port 68: O-ring 71: Inner tube 72: Quter tube 72a:

Peri pheral wall 72b: Upper wal l
: 14

of £,=2.5 (mm) , that both ends of the tapered portion 724, i.e. .
the intersection between the inner surface of the peripheral
wall 72a and the inner surface of the tapered portion 724 a.nd
the intersection between the bottom surface of the flange 72c¢
and the inner surface of the tapered portion 72d were rounded
with a radius of 5 mm (R5), and that the inner surface of the
tapered portion 724 hé.d a surface roughness Ra of 2.5 um. In
other words, thé outer tube 72 made of silicon carbide was
fabricated so as to fulfill the conditions of 1) ta/D1=0.015,
2) taxD;=1,382 (mm?), 3) (Dg2-Dp)Xte/(DiXts)=0.21, and 4)
Li/Ip=4.3. In this case, the equation of toX(Dp-Ds1) =296 (mm?)
was established. |
When the outer tube thus fabricated was used at a

temperature beyond 700°C, the flange was significantly deformed
in comparison with thé outer tube in Example 1, and the generated
thermal ‘stresses were increased. However, it was possible to
avoid stress concentration by rounding both edges and
controlling the surface roughness. By usinga dual tube 73 with
the outer tube 72 combined with the inner tube 71 used in Example
1, a process for depositing a CVD._f'ilm of silicon nitride at
780°C was repeated 40 times. The O-ring 68 was not seized, and
the outer tube 72 was not fractured. |
EXAMPLE 3

An outer tube 72 made of silicon carbide was prepared so
as to fulfill the conditions of the inner diameter: D;=324 (mm),
the thickness: t,=3.5 (mm), the height: 1,300 {(mm), ’the

thickness of the flange: t.=12 (mm), the ocuter diameter of the



72cC:

Fl ange 72d: Taperd portion 73: Dual tube D1: Inner dianeter of

outer tube Dpl: Inner dianeter of flange Dil: Quter dianeter of
flange H Height of heater Li: Height of tapered portion Ly: Expanse
of tapered portion ta: Thickness of pébi pheral wall 72a ta: Thickness
of flange 72c W Sem conductor wafers 18

flange: Dp;=410 (mm)}, the inner diameter of the flange: Dy =328
(mm) , the height of the tapered portion: L;=2 (mm) and the
expansion of the tapered portion: L;=2 (mm), that is to say,
1) ta/D1=0.Oll_, 2) taxDqi=1,134 {(mm?) ; 3) (Dpa-Dez} Xt/ (D1Xta)=0.87,
and 4) L,/Ly=1. In this case, the equation of t X (Dp:-Ds)=984
(mm®) was established. Additionally, an inner tube 71, which
was made of the same material as the outer tube, was prepared
so as to have an inner diameter of 260 (mm) and an outer diameter
of 268 (mm). The outer tube and the inner tube were combined
together as a dual tube 73.

A deposition process wherein the dual tube 73 was used
to deposit a D-Poly CVD film on each of semiconductor wafers
W in a low pressure CVD system with a heater having a height
H of 80 mm was conducted at 550°C. The outer tube was cracked
on the first test.

EXAMPLE 4

An outer tube 72 made of silicon carbide is prepared so
as to Fulfill the conditions of the inner diameter: D;=3 86 (mm) ,
the thickness: t,=2.5 (mm), the height: 1,100 (mm), the
thickness of the flange: t.=20 {(mm), the outer diameter of the
flange; Dpz=470 (mm), the inner‘diameter‘ofrthe flange: Dgn=390
(mm)., the height of the tapered portion: L,=2 {(mm) and the
expansion of -the tapered portion: L,=2 (mm), that is to say,
1) ta/D1=0.0065, 2} £;XD;=965 (mm?), 3) (Ds2-Dm) Xte/ (D1Xts) =1.66,
and 4) L;/Ly=1. 1In this case, the equation of t.X{Dg;-Dm}=1,600
(mm?) ig established.

A deposition process wherein the outer tube 72 is used



[ CLAIMS] 1.An outer tube, which is nade of silicon carbide, and which
has an upper portion closed and a | ower portion opened, has the | ower
portion formed with a tapered portion so as to expand a di aneter

t hereof toward a | ower end thereof, aR§ has a flange forned on an
outer peripheral side of the | ower portion; the foll ow ng conditions
being net: 1) a ratio of tini is fromO0.0067 to 0.025, 2) a product

of tax10%o depbidm 680ckad4, DO0m(diBach BE cPRibBhIceor( Wakkry WSin
from0.1to 0.7, and 4) L1/L2 is from1l to 10; where the
out er tuhe Hiagh adnipecdatess afhdrmalmretthart irwwrtdakt anpilera Hed¥er
(mm , the flange has a thickness of tc (m) , an inner dianeter of
Dn. (mm hardnan aoheephdi AMBEELS of mbni € MInducist tde 1sader edTip® rdu s
has a height L1 (mm) and an expanse of L2 (m). 2. The outer tube.
accor di ngube Chatradkedtaran ant heteapeeetblpordl gortdoupfethantl doyer
edges of an inner peripheral side rounded with a radius of 2 mm (R2)
or above72c on the first test.’

[INDUSTRIAL APPLICABILITY]

It is possible to provide an outer tube made of silicon
carbide, which is capable of having durability in spite of an
increase in diameter, spreading an isothermal heating zone to
increase the throughput at one time and minimizing
contamination caused by particles, as an outer tube used in low
pressure CVD systems for thermal treatment of semiconductors

and reactorxrs for high-temperature thermal treatment.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Fig. 1 is a vertical cross-sectional view of the outer
tube according to an embodiment of thg present invention;

Fig. 2 1s an enlarged vertical cross-sectional view of
a flange of the outer tube when being put on a basg;

Fig. 3 isavertical cross-sectional viewof a low pressure
CVD system with the outer tube used therein; and

Fig. 4 is a schematic view showing stresses generated in
a conventional outer tube.
[EXPLANATION OF LITTERS QR NUMERALS]
50: Wafer boat
51: End plate

52: End plate



3. The outer tube according to Caim1l or 2, wherein the .tapered
~portion has an inner surface having a surface roughness Ra of not
greater than 7 pm 4. A thernmal treatnent 'systemusing the outer tube-
as defined in any one of Clainms 1 to 37 S. The thermal treatnent
system according to Claim4, wherein the height L1 of the tapered
portion satisfies the relationship of H 4<L1<3H 4, where a di stance
bet ween 3. omﬁ_;tpcgrtd of a heater and a bottom surface of the outer
tube is H (mm

60: Low pressure CVD system
61l: Metal casing
62: Thermal insulation material

63: Reactor wall

64 : Heater
€5: Base
66: Lid

67: Gas introduction and discharge port
68: O-ring
71: Inner tube
72: Outer tube
72a: Peripheral wall
72b: Upper wall
72c: Flange
72d: Taperd portion
73: Dual tube
D;: Inner diameter of outer tube
D, : Inner diameter of flange
D¢z: Outer diameter of flange
H: Height of heater
Li: Height of éapered portion
L,: Expanse of tapered portion
La: Thickness of peripheral wall 72a
te: Thickness of flange 72c¢

W: Semiconductor wafers
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[CLAIMS]

1. An outer tube, which is made of silicon carbide, and which
has an upﬁer portion closed and a lower portion opened, has the
lower portion formed with a tapered portion so as to expand a
diameter thereof toward a lower end thereof, and has a flange
formed on an outer peripheral side of the lower portion; the
following conditions being met:

1) a ratio of t./D: is from 0.0067 to 0.025,

2) a product of ta.xD; is from 600 to 4,000 (mmz)l,

3} (Dp2-Dg) xteo/ {Dixts) is from 0.1 to 0.7, and

4) Ly/Is is from 1 to 10;

where. the outer tube has a thickness of t; (mm) and an
inner diameter of D, (;nm) ;, the flange has a thickness of te (mm),
an inner ‘diameter of Dp1 (mm) and an outer diameter of Dys (mm),
and the tapered portion has a height L, (mm) and an expanse of
L, {mm).
2. The outer tube according to Claim 1, wherein the tapered
portion has upper and lower edges of an inner peripheral side
rounded with a radius of 2 mm (R2) or above.
3. The outer tube according to Claim 1 or 2, wherein the
tapered portion has an inner surface having a surface roughﬁess
Ra of not greater than 7 um.
4. A thermal treétment gsystem using the outer tube as defined
in any one of Claims 1 to 3.
5. The thermal treatment system according to Claim 4,
wherein the height L; of the tapered portion satisf_ies the
rélationship of H/4<Li<3*H/4, where a distance between a lowest

end of a heater and a bottom surface of the outer tube is H (mm) .



