- 1 OQOUTER TUBE MADE OF SILICON CARBI DE AND THERVAL TREATMENT SYSTEM FOR
SEM CONDUCTORS The present invention relates to an outer tube made of
silicon carbide, which is used in a thernal treatnent 5 system for

sem conductors, such as a | ow pressure CVD system for depositing, e.g., a
polysilicon film a nitride filmor another non-oxide filmon a surface of
a sem conductor wafer, and a high tenperature thermal treatnent system for
depositing an oxide filmon a 10 surface of a sem conductor wafer. For the
outer tube used in |low pressure CVD systens for thermal treatnent of

sem conductors and reactors for high-tenperature thermal treatnent, quartz
gl ass has been used, for exanple, for reasons that it is easy to obtain 15
hi gh-purity glass, it has a thermal resistance, it has a |ow thernal
expansi on coefficient and a small thermal stress generated, and it is
excellent at thermal insulation due to a |ow thermal conductivity. Wen a
deposited filmis a polysilicon filmor a nitride film 20 the use of an
outer tube made of silicon carbide has been - 2 recently proposed fromthe
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 5 thermal resistance is further

i nproved (see Patent Docunments 1 and 2).

-1 -
OUTER TUBE MADE OF SILICON CARBIDE AND THERMAIL TREATMENT

SYSTEM FOR SEMICONDUCTORS

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

For the outer tube used in low pressure CVD systems
for thermal treatment of semiconductors and reactors for
high-temperature thermal treatment, quartz glass has been
used, for example, for reasons that it is easy to obtain

15 high-purity glass, it has a thermal resistance, it has a
low thermal expansion coefficient and a small thermal
stress generated, and it is excellent at thermal
insulation due to a low thermal conductivity. When a
deposited film is a polysilicon film or a nitride film,

20 the use of an outer tube made of silicon carbide has been



However, the use of silicon carbide has a problem that fracture is easily
caused due to tensile stresses or bending stresses nainly generated at
three locations A, B 10 and C shown in Fig. 7 of Patent Docunment 2
(corresponding to Fig. 4 of the application) since silicon carbide has a

hi gher thermal expansion coefficient and a higher thermal conductivity than
quartz glass. The use of silicon carbide also has a problemthat an O-ring

i nterposed 15 between the outer tube and & base is apt to be seized

b f sil] h du
gas- seal ?ngsgbrﬁ“’%“y&%%ﬁé@%o# et Sty R KRt es

it has been pr.q t h elo eferred to ure A)
wherein the dlrgt?tzrhce V&a Oergbo(§$om%luer ac%eé %.II}] 51& ge?u%é ﬂade of
silicon carbi nd t he nﬁ,o e r gt a Length of 200 mm
or longer in %?J%I ﬁ“ ¥§ a?ir%rérg séfca % OD* ufgﬁl“ “ReRFsour ce
(see Patent 29 te Agn&nesmammé% g&e@agnee@ﬂapreﬂgsed a

met hod (hereln OM/ fred as neasure whar er n“4a— sea

i nt er posed betyﬁéghgqf{ggggtgﬁcgnlguf %f §ov58d S%%eﬁ%kéﬁgn carblde

and a base and erein an inner perlp po tron o ange that is

radial ly nmore piowaLdethan,the,seal ring is contacted to and supported by
t he base (see]%atent Docud%nt 2? 5 However, it has been recently difficult

to ensure a lengtﬁonggQQ PALOLskoBgesi1Thbs LarkeeRuUses b b%oblem

that fracture is easily caused due to tensile stresses or
bending stresses mainly generated at three locations A, B

10 and C shown in Fig. 7 of Patent Document 2 (corresponding
to Fig. 4 of the application) since silicon carbide has a
higher thermal expansion coefficient and a higher thermal
conductivity than quartz glass. The use of silicon
carbide also has a problem that an O-ring interposed

15 between the outer tube and a base is apt to be seized
because of silicon carbide having a high thermal
conductivity, and the gas-sealing ability is therefore
impaired easily.

As one of the measures, it has been proposed a

20 method (hereinbelow, referred to as measure A) whereiln
the distance between the bottom surface of an outer tube
made of silicon carbide and the lowest end of a heater is
set at a length of 200 mm or longer in order to locate an
O-ring physically away from a heat source (see Patent

25 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 tube



strongly demanded to deal with a large volune of silicon wafers at one tine
and because there is a tendency to spread an isothermal heating zone or to
bring the lower 10 end of a heater near to a base in order to increase the
nunber of silicon wafers to be dealt with in a thermal treatnment systemfor
sem conductors, such as a low pressure CVD system Fromthis viewoint,
measures other than neasure A have been demanded nore and nore. 15
Additionally, the dianmeter of silicon wafers has been further increased

from 200 mm to_300 r .l onger., .. .and i nner_ di ter of auter tubes has
been accor dirﬁa % Pﬁ@;sg&s}é: %[%aggd%%maglr%elaor?ﬁ?ﬁ gdrm"f TS T Edsol S the

case of adoptjng grasune B, (Lher & S 20 Rossidild Ly thal; the flanoe of an

outer tube is I'ci ently Co an I nsuf ficien seacflng
pressure Cann?ﬁ' EE@V%ﬂtana 9as sf r‘q.mljilakiinag csonQ:C‘ectae% itnonea[n R | ohrecre%
portion of the ¥ ange supporte(faby a base has i ne contac Hd since the

cont act Iocatjogntﬁléa@)gl%% Zéhe%cc#%]tcgdlg I;chlgnetrp:erﬂa_l treatnent tenperature. In
n ot her t

ot her words, measur es an neasure A or neasure B, which can

produce an, outer b Eide K Had bld | LRI DI gier AL BL Vi Dl

. e a
requi renents, such as an increase In dianeter, an iIncrease in throughput,

and preventi 0@k rCOH 3PN Yt C .byTH?fst el eScaliaLe jRot ¢ been

proposed. 5 Patent Docunent 1 JP-A-9-251991 (page 1 to page 7 and Fig. 1)
strongly demanded to deal with a large volume of silicon
wafers at one time and because there is a tendency to
spread an isothermal heating zone or to bring the lower

10 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 been demanded more and more.

15 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 mm or longer. For this
reason, in the case of adopting measure B, there is a

20 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

25 according to a thermal treatment temperature.

In other words, no measures other than measure A or

measure B, which can produce an outer tube made of



Pat ent Docunent 2 JP-A-10-195657 (page 1 to page 8 and Figs. 1 to 7, in
particular Fig. 7) 10 Patent Docunments 1 and 2 correspond to USP 5, 902, 406
and EP- A-0795897. It is an object of the present invention to provide an
outer tube made of silicon carbide, which is capable of having durability
in spite of an increase in dianmeter, 15 spreading an isothermal heating zone
to increase the throughput at one tine and, m nim zing contamn nation caused
by particles. The present invention providé%'én outer tube, which is nmade

of silicon caLhhdgenand i gaa%i@eéh@gcﬁ{#%&sose%l%gf?é AQver

portion openeg, as the lTower portionTorne a tapere fon so as
to expand a i ter tl e%g_fiégﬁar 4ﬁ8¥3 d 4 }ngﬁg h a flange
formed on an gbt%gr% péari p eral side %rptlhe oaV\sg{rl pgﬁﬁ{% e’ f%]%ﬁiowi ng
condi ti ons being ke 25 ) Abddkl s Jrd/Diud s fhPBL-0067.4 0 0.025,,2) a
product of ta?Dl is from600 to 4,0003(nn2)f1§§ (DR2-DEL) Xt o/ (BiXta) s
fromO0.1 to Oplen@Rioporsead) L1/ L2 is from1l to 10; where the outer tube
has a thickness of 'to (m) and an inner dianeter of D1 (,an), the flange

has a thickness a&;dont Mdcumdht Mner diameter of DF1 (nmm) and an outer 5
dianeter of DF2 (mm) , and the tapered portion has a height L1 (mm) and an

expanse of L2 (M)jp-a-9-251991 (page 1 to page 7 and Fig. 1)
Patent Document 2
JP-A-10-195657 (page 1 to page 8 and Figs. 1 to 7,
in particular Fig. 7)
10 Patent Documents 1 and 2 correspond to USP 5,902,406
and EP-A-0795897.

It is an object of the present invention to provide
an outer tube made of silicon carbide, which is capable
of having durability in spite of an increase in diameter,

15 spreading an isothermal heating zone to increase the
throughput at one time and minimizing contamination
caused by particles.

The present invention provides an outer tube, which
is made of silicon carbide, and which has an upper

20 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:

25 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) (Dp3-Dp1) Xte/ (D1Xts) is from 0.1 to 0.7, and



In the drawings: Fig. 1 is a vertical cross-sectional view of the outer
tube according to an enbodi nent of the present 10 invention; Fig. 2 is an
enl arged vertical cross-sectional view of a flange of the outer tube when
being put on a base; Fig. 3 is a vertical cross-sectional view of a | ow
pressure CVD systemwi th the outer tube used therein; and 15 Fig. 4 is a
schematic view show ng stresses generated gn_a conventional outer tube. The
inventors perforned a stress analysis on a case wherein conventional outer

tubes (hereinbel ow) referred rtemas ‘tkneyn outer tubes" or "known outer
tube") were 20 useJ in alow pressure C/D system Results of the stress

anal ysis are shownidr&ihe bout¥enctbe KAoWD Wi 8knbdBess VeI fukfeghin the
| ow pressure CVD system nmain stresses were generated at the locations A B

and Cin Fig. # ithted nvemorse for thermaerf oneditheStHAs% andd yishsss 25 and
found that there was a sort of trade-off relationship that when a neasure

was taken in g@def, t@mjecr@aseridie dishessesoener ahefl ahaths baeeations A B
and C, the - 6 stress generated at another |ocation was increased, or

excessive beatqfdnuisk i o an,0(min)g hAEEEpesedpbebreedra iomows euter tube
and the base for supporting it. For exanple, It is supposed that the
t hi ckness to afemyinown (rn)owreY drik&damgeedcad i(gmor.der to decrease the

stress generated at the location A However, it is inpossible

In the drawings:

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

10 invention;

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

Fig. 3 is a vertical cross-sectional view of a low
pressure CVD system with the outer tube used therein; and

15 Fig. 4 is a schematic view showing stresses
generated in a conventional outer tube.

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

20 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 inventoxrs further performed the stress analysis

25 and found that there was a sort of trade-off relationship

that when a measure was taken in order to decrease the

stresses generated at the locations A, B and C, the



to increase the dianeter of the known outer tube due to |[|ack of mechani cal
strength in this case. Conversely, when the thickness to of an outer tube
is increased in 10 terns of mechanical strength, the Oring is seized since
excess heat flows in a |lower end of the outer tube, due to the high therma
conductivity of silicon carbide, to such a degree that the heat generated
exceeds the cooling capacity. 15 Fromthis_viewpoint, the outer tube
according to the present i nvention (herelnBeTOW/ referred to as "novel

out er tube") I RN ULer. 5001 DAt a0y 00VEb QUL En ThReins B bl shness

limted accoré;ng to I aneter t ereo I n order anount of

heat ‘transfer Ly om0t 20, PeILloa 10 2:cgoLedy| oue grgageaf pLDGoOHL e tube

ina certain range e novel outer tu to an I ment

of the presenh_dwgwg&gg&mthuebgmgngglng Lef % g.to the a gﬂpanylng
drawings. Fig. I'I's a verfical cross- sectlona ﬁ/of Re'novel outer tube

25 according tékéﬂ@%j§”b99' néupﬁggeg'ghag tfe aEh?Qkﬁéggdta%ﬁgkiT e novel

cross-sectional view of a ange of the nove outer tu

outer tubeg72 law}p@e{spQé@meQdcLﬁsegdeenéoadge%easeorchboet&legeed- The

outer tube has ower end fornmed with a tapered portion 72d, and the | ower
end has an Ot{j@r{epﬁé@hgﬁakhél @ecaeﬁaﬁdAw tHoRedd ANOLL 72§ =l é@eﬂbiéﬂe out er
tube has a thickness of to (nm i nner di aneter of , When the

flange 72c hasc& increase the dlameter of the known outer tube due to
lack of mechanical strength in this case. Conversely,
when the thickness t, of an outer tube is increased in

10 terms of mechanical strength, 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.

15 From this viewpoint, the outer tube according to the
present invention (hereinbelow, referred to as “novel
outer tube”) is configured so that the novel outer tube
has a thickness limited according to the diameter thereof
in order to keep the amount of heat transfer from a hot

20 portion to a cooled lower end of the outer tube in a
certain range. Now, the novel outer tube according to an
embodiment of the present invention will be explained,
referring to the accompanying drawings. Fig. 1 is a
vertical cross-sectional view of the novel outer tube

25 according to the embodiment, and Fig. 2 is an enlarged
vertical cross-sectional view of a flange of the novel

outer tube.



t hi ckness of tC (mm) , an inner dianmeter of DF1 (mm) and an outer dianeter
of DF2 (nmm, and when the tapered portion 72d has a height L1 (mm) and an
expanse of L2 (m), a 10 ratio of to/Dl is from0.0067 to 0.025, and a
product of taxDl is from600 to 4,000 (nmmR). The product taxDl is relevant
to the anount of thermal transfer since taxXDl is proportional to the
cross-sectional area that is obtained by sI|C|ng the outer tube. 15 Wen
the ratio of to/Dl is Iomer than 0.0067, there is a possibility that a

problemis caused te ch n trength,. Wen the rat o of to/D1l
i s higher than OtG§% erémf%gg pa%5| |I$?y ? PR R %. Eh?no? Fﬁgrnal
transfer becones excessi v e fI I ubj ed.to reat stress
(a stress gener dt ed e"t]:hgj %{kglcar{] O %elj % s hﬁrsetae%e%f e that
the ratio of {f¢ 0 ,Q mhep the roduct

t,XD1 is |ower t I&Sﬁé V? eerrgel a}ri)ossﬂ;)lZa Pty T hett® aPp‘?"é:BI %‘r’h‘l s

ctsed T S, el ol o e gt ol g 2
o gt SR R o helytles 4P segatly o
RSYﬁlpSEE?LnL 2a, fﬂb é%g§r2£€2 %%the oute&h%ﬂggézéﬁ%§§{V$%1 ?%ée?f;ﬁbg
from expandi ngisifi6feddeof | 8NYGu)S @ 3 kP HMWRNA 00 (mm) and an
outer diameter of Dy, (mm), and when the tapered portion
72d has a height I, (mm) and an expanse of L, (mm), a
10 ratio of t,/D; is from 0.0067 to 0.025, and a product of
t.XD; is from 600 to 4,000 (mm?). The product t.xD; is
relevant to the amount of thermal transfer since tyXD; is
proportional to the cross-sectional area that is obtained
by slicing the outer tube.
15 When the ratio of t,/D; is lower than 0.0067, there
is a possibility that a problem is caused in terms of
mechanical strength. When the ratio of t,/D; is higher
than 0.025, there is a possibility that the amount of
thermal transfer becomes excessive and the flange is
20 subjected to a great stress (a stress generated at the
location A in Fig. 4). It is preferable that the ratio
of t./D; is from 0.01 to 0.02.
Likewise, when the product of ty,XD; is lower than 600
(mm?), there is a possibility that a problem is caused in
25 terms of mechanical strength. When the product of t XD,

is higher than 4,000 (mm?), there is a possibility that

the amount of thermal transfer becomes excegsive. The



roomtenperature even in use while the portions of the outer tubes except
for the flange are subjected to a high tenperature in use. As a result,
bendi ng stresses are 10 generated at the locations B and Cin Fig. 4. The
bendi ng stresses are not allowed to be excessively great since the bending
stresses are greater in proportion to the ratio of tc/ta (m) as the ratio
of the thickness tc of the flange to the thickness to of the outer tube. 15
Since the flange 72c is normally cooled fromthe outer peripheral side
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di ameters of the fl'ange i s and the rnner "dranmefer of the outer
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erm

broken by the t stresses. The value of the product is preferably not

hi gher than O'e@qpa[miﬁlg ps i ek ably APindd gherat h@”t&npcérgﬁlfgengélgeﬁohand’

when the value of the product is lower than 0.1, there is a 5 possibility

;hat ”ECham‘“?oéﬁré%ﬁ&éké@uféséééﬁCi&“&sé*%ﬁﬁléh@hé”ﬁ@ftﬂ&ﬁgeéﬁrthé
i ncreased. The val ue of the

outer tubes except for the flange are subjected to a high
temperature in use. As a result, bending stresses are

10 generated at the locations B and C in Fig. 4. The
bending stresses are not allowed to be excessively great
since the bending stresses are greater in proportion to
the ratio of t./ta (mm) as the ratio of the thickness t.
of the flange to the thickness t, of the outer tube.

15 Since the flange 72c¢ is normally cooled from the
outer peripheral side thereof, thermal stresses are
generated because of a temperature difference between the
inner and outer peripheral sides thereof. It is supposed
that the thermal stresses become greater as a ratio of

20 (Dg2-Dr1) /D1 becomes greater wherein the inner diameter of
the flange 72c¢ 1is Dp, the outer diameter of the flange
is Dpy, the difference between the inner and outer
diameters of the flange is (Dg;-Dr1), and the inner
diameter of the outer flange is D;. Considering the

25 comparison between simulation and actual products, there
is a possibility that when (t¢'(Dp;-Dp1))/(ta'D; ) as the

product of t./tp and (Dg2-Dp) /Dy exceeds 0.7, the novel



product is preferably not |Iower than 0.2, nore preferably
0.25. By nmaking the flange 72c smaller, it is possible to

not | ower than
10 decrease the

thermal stresses, i.e., to decrease t, or (DF2-DFl). However, in this case,

there is a possibility that the Oring is seized due to
transfer area for cooling and that a problemis caused in
ability due to insufficient wdth of the 1s seal ed portio
viewpoints, it is preferable that not oﬁlf’fhe rel ati ons

i'S nore pre

er abl y not " ower

| ack of the thernmal
terns of sealing

n. Fromthese

hi ps stated earlier
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parti cul ar _prefleraby nofoighele 4 hanB800 4 mre. (The oxel souter ube 72 is
n

effective in &l ecrease 1 n thernal stresses since the

s 25 providedyal Jhed uergnd alaldie AULRL,LUNG,50 @S ¢

di aneter of the outer tube so that the ngt

apered 'portion 72d

o.pexpand 1 he inner

required for

ther mal condugld i ifian oy dha @RI PUCS A ! SLEf £ oL, The

gradient of the tapered portion 72d i1s represented as a

ratio o L1/ L2

wherei n the height; et he draesed PortdOadsy L1 e Wahue &JH dhe expansi on
that the flange 72c and the tapered 5 portion 72d intersect is L2 (nmm The

gradient of thgodiareried Natd qbiA2hof 1HfePOMEIn YL LI HPE Fe FBYa DB

not lower than 0.25.

By making the flange 72c¢ smaller, it is

possible to

10 decrease the thermal stresses, i.e., to decrease t. or

(Dp2—Dp1) . However, in this case, there is a

possibility

that the O-ring is seized due to lack of the thermal

transfer area for cooling and that a problem is caused in

terms of sealing ability due to insufficient width of the

15 sealed portion. From these viewpoints, it is preferable

that not only the relationships stated earlier are

satisfied but also te' (Dpa—Dpi) is from 150 to 1,200 (mm?).

The product te*(Dp—Dp1) 1s more preferably not lower than

200 (mm?), in particular preferably not lower than 250

20 (mm?). On the other hand, the product te® (Dpy—Dp1) 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 since the tapered portion 724 1is

25 provided at the lower end of the outer tube

expand the inner diameter of the outer tube

SO as to

so that the

effective length required for thermal conduction can



from1l to 10. The gradient of the tapered portion 72d of the novel outer
tube 72 is preferably from2 to 8, nore preferably from3 to 5. 10 Wen 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 nm (R2) or above,
stress concentration can be avoided. This arrangenment is preferable in
particul ar when the novel outer tube is 13 used for high tenperature
application. It is nore preferable that bo A €dges of the tapered portion

72d are rounded w aradius of 4 mm (R4 r above. In der_to,. prevent
%e d”]:o reggl (S t%e ten%% raf}uroe Ograddu}clewb rrarblﬁ %alﬂzlep £

strength fr omBei g reduc y a scra cause , It is

preferabl e that i nner_ 20.surface he tapered portion 72d_has a.surface
roughness Ra (())ff ﬁto € gra aetrgerd t%%rnt lrlO;chtlsl sr%%JE'eesep?%(%e?%b?er?Eé? ?F}e i nner
nLédbasca surfa
FoBFeP

surface of the tapered portion .7 roughness_Ra of not_,
greater than §”6i21Wﬁ?f8fg furt her “prefer ab ebﬁﬁgfegog fé&é@s‘éf the"Thper ed

25 portion 724,51 ¢ foundet, W o &, dadis pls2,0m {E2),8r v abpys, gd that

t he i nner surface apered portion a surface roughness Ra of

not greater than. i AM-zg Ll AL 0ng; 85yt hepjovelnQupsr qtube 42 g made of

silicon cafbide for the purpose of treathent 'of "senmrconductors, there is no

limtation todhe piardalio 73deorouel oWer buber Linbsypreberpbl e that

the material 5 Igh purity that the concentration o Inmpurities
typically reprgssnted-byife i GrdHi Jhahe tapered portion 72d of

the novel outer tube 72 is preferably from 2 to 8, more
preferably from 3 to 5.

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

15 used for high temperature application. It is more
preferable that both edges of the tapered portion 72d are
rounded with a radius of 4 mm (R4) or above. In order to
prevent strength from being reduced by a scratch caused
during manufacturing, it is preferable that an inner

20 surface of the tapered portion 72d has a surface
roughness Ra of not greater than 7 pm. It is more
preferable that the inner surface of the tapered portion
72d has a surface roughness Ra of not greater than 3 um.
It is further preferable that both edges of the tapered

25 portion 72d are rounded 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 um.



50 mass ppm In order to increase the durability against repeated washing
by acid, such as HF, it is nore preferable that the novel outer tube has a
surface coated 10 with a filmof silicon carbide by CVD. There is no
limtation to how the novel outer tube 72 is fabricated. The novel outer
tube may be fabricated by, e.g., a nmethod wherein an integrally nol ded
article 1is baked. The novel outer tube naﬁ be fabricated by is

i ndependently nol di ng and baki ng the peri™p dral wall 72a, the upper wal |

in adnesi ve made Gt LPIY con C4F bLAES! THESRbYERCGUr & PuBB T2 0Fe pref er ably
used as the Zq_oq;%{ tu euﬂi theénal Lreat mept, sys enhLor
seni conduct or 1s]Uc a2’ ow %?%s%u?epﬁ,?fi‘f/s? m %%Emg h?éh t enperature
therngl_treatngggiﬁystgg%osénc _épg igoggllggterhﬁgpeLis ﬁupe[Lor.iT £
durability andS'prodlictTvity. Fgo" 3 3Hous 4 t58e  WekRi HthlehEvar 28  out er
Lube 72 135 955 A, L oW Bk, 00Ul el S BLESL . O syt om
o o o LS50 ey Loaehie VALl 53 bapsgespngt per phera
O e o L Ile BREAhnseRrebentialnpotl on AR BB
opening is proyidedswih a1 &6 WY cih cath S8l et | ¥el ¥p PPEEy alghinst
repeated washing by acid, such as HF, it is more
preferable that the novel outer tube has a surface coated
10 with a film of silicon carbide by CVD.
There is no limitation to how the novel outer tube
72 1s fabricated. The novel outer tube may be fabricated
by, e.g., a method wherein an integrally molded article
is baked. The novel outer tube may be fabricated by
15 independently molding and baking the peripheral wall 72a,
the upper wall 72b and the flange 72c thereof, followed
by bonding these parts with, e.g., an adhesive made of
silicon carbide.
The novel outer tube 72 is preferably used as the
20 outer tube of a thermal treatment system for
semiconductors, such as a low pressure CVD system, and a
high temperature thermal treatment system, since the
novel outer tube is superior in durability and
productivity. Fig. 3 shows a case wherein the novel
25 outer tube 72 is used in a low pressure CVD system. The

low pressure CVD system 60 includes a reactor wall 63

comprising a metal casing 61 and a thermal insulation



cl ose the opening by being vertically noved by an unshown [lift. The |id 66
has a wafer boat 50 for |oading the wafers Wput thereon. The wafer boat 50
conprises end 10 plates 51, 52 and supports 53 connecting therebetween. The
base 65 has a gas introduction and di scharge port 67. The base 65 has a
dual tube 73 put thereon, the dual tube conprising an inner tube 71 and the
novel outer tube 72 surrounding the outer geriphery side of the inner tube
is 71 with a gap. The noveI outer tube 72 ¢ nﬁrises a peripheral wall 72a in

a cylindrical e, a 72b _cl an u er S|de of. the

peri pher al Wllééfa%gk : %%Faﬁﬁgcfff & Wﬁ? BRI side
of the | ower e of .t.h er.i phe | he bas annul ar
recess formed dt a%oorvtjl(g%é) t@b gﬁg% Ag BotS &%asc r raé”eanIS)JT Z%ng"a\‘ﬁ ange
72c. The recess has a%.ae cﬂ§59§19r a, askex nadg s heat resi st ant
rubber housed 1 n Het el &l 15 Y sea? The bt SRS b‘: de‘“ of t he

flange 72c. 25 Leaggsqeo%@gl Ak dshonn g@;&ge,{ﬁgﬁ%o qhPpLshn to

prevent the O- rlng rom eat - damage respe

appli catiog of Aé‘% ’\ﬁ%&éa& eéfté‘é%ﬁl o&@ucg&tﬁaﬁeé%‘%”%n&r ﬁé”gﬁén% tem

for sem coRduct ors, e thernal treafnent systeniis a ow p essu e CVD

f?:gfg;n?ngygan#hégéoﬁ%%ﬁ%%gg{|L%Qg |gh P?@ﬁ%%?a u?%c%%i rea %%nt
system the innglsd ubg i Soeflg NELAedihd SOPEiEE8EY moved by an unshown
lift. The 1lid 66 has a wafer boat 50 for loading the
wafers W put thereon. The wafer boat 50 comprises end
10 plates 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 novel outer tube
72 surrounding the outer periphery side of the inner tube
15 71 with a gap. The novel outer tube 72 comprises a
peripheral wall 72a 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 peripheral side of the
lower edge of the peripheral wall 72a. The base 65 has
20 an annular recess formed at a portion in contact with a
bottom surface of the flange 72c. The recess has an O-
ring 68 or a gasket made of, e.g., heat-resistant rubber
housed therein to hermetically seal the bottom surface of
the flange 72c.
25 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



In order to reduce a stress generated at the Ilocation Bin a thernmal
treatnent systemfor sem conductors using the novel outer tube 72, it is 10
preferable that the height L1 (nm of the tapered portion 72d is
substantially half of a distance H (nm between the |owest end of the
heater 64 and the bottom surface of the outer tube. For exanple, the
relationship of HA4<L1<3H 4 is preferably. The relationship of H 3<L1<2- 15
H 3 is nore preferable. EXAMPLE Exanple§ of the present invention (Exanpl e

| and Exanple.2) and arative exa |l e. 3 and . Exa Wil |
be shown. 20 E)%A ?I)“ e TP Sﬁﬁsd:(enbf <i Isf%lnc%ré‘?"b‘f en
fabricated so stt%fulflll d|t|ons of t e i nner

(m), the t h| (Fk eddierial, tge(amﬁenq{]tﬁe\/srh el gnt ;2 %@?Wur? r@?h‘?’%ﬁ%&s of

the flange: 2 t he di anet ey, of the f 1 ange DF2=360 (nm,
the inner d| B ecrneg)me Ehaen e: eIﬂFl %‘%3 S tRE gh{reét “§%e t aper ed

(o h!:ul o %&3%%%%%%%% s 3 Sté%%eﬁﬂ%éeé’ét"’éﬁéﬁ’ ”<DE§-8
PE)l(% )E()}:(Z:/( %%‘p%é%ﬂﬁmgsh%%ﬁ%ﬁ%% r’S{]Aéd\Etts? ona fﬂg?\erlenner tu%e 71,

whi ch was mademoe‘ ﬁé@deéaﬁ? M@réc@éege t he outer tube, was fabricated so as
to

In order to reduce a stress generated at the
location B in a thermal treatment system for
semiconductors using the novel outer tube 72, it is

10 preferable that the height L; (mm) of the tapered portion
72d is substantially half of a distance H (mm) between
the lowest end of the heater 64 and the bottom surface of
the outer tube. For example, the relationship of
H/4<L1<3*B/4 1s preferably. The relationship of H/3<Il;<2-

15 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 shown.

20 EXAMPLE 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: ts=2.5 (mm), the
height: 1,200 (mm), the thickness of the flange: t.=8

25 (mm), the outer diameter of the flange: Dy;=360 (mm), the
inner diameter of the flange: Dy =323 (mm), the height of

the tapered portion: Li=34 (mm) and the expansion of the



have an i nner diameter of 260 mm and an outer dianeter of 268 (nm. The

i nner and outer tubes were conbi ned together as a dual tube 73. 10 A
deposition process wherein the dual tube 73 was used to deposit a doped
silicon (D-Poly) CVD filmon each of sem conductor wafers Wat 550C was
repeated 40 tines. 1In spite of that the height H of the heater was | owered
to 80 mm which was | ower than half of the height of 200 15 mmin Patent
Docunent 1, a defect such as a crack, wasl4not observed in particular in

t he outer tub XAVMPLE 2 guaer tuﬁg\?Z meiﬁp ar so as to be
fabri cat ed qg%§e RO 1 at 15 Yhat' the 20 thickness

satisfied the e o] n the equation of to 2.5
(mm, that boﬁﬁ @98ﬁh tgbeégg%ﬁ% 7?3 (er the intersection
bet ween t he |nner surﬁy%gﬂof LQ; pertgheral 72a_a the inner_, surface

of the tapered™pbfFfoh d t He 4111 &7/ sétlt/t“i‘bnJl 0% bétft/ve 3 HRE ot t I
surface of the flqpqe Z;

were rounded SHYH 2T u§:o F% Hﬁ1(%%) surf fﬁ%gf?% apiﬁgﬁrggrfggelgp ?225
P a1 o e vk g o
(0111 e oML oL e LD S0 1Bpel) KDL R FREGETIE) v (O
tex(DF2- DF1) = %%§n£@¥¥)1Hﬁére§£éﬁé£éPegf 260 mm and an outer diameter of
268 (mm). The inner and outer tubes were combined
together as a dual tube 73.
10 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.
In spite of that the height H of the heater was lowered
to 80 mm, which was lower than half of the height of 200
15 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
20 thickness satisfied the equation of t,=4.5 (mm) in place
of the equation of t,=2.5 (mm), that both ends of the
tapered portion 72d, i.e., the intersection between the
inner surface of the peripheral wall 72a and the inner
surface of the tapered portion 72d and the intersection
25 between the bottom surface of the flange 72c¢c and the
inner surface of the tapered portion 72d were rounded

with a radius of 5 mm (R5), and that the inner surface of



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, 10 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 using a dual tube 73 with the outer
tube 72 conbined w th the inner tube 71 Ufgd in Exanple 1, a process for 15
depositing a CVD filmof silicon nitride at“780C was repeated 40 times. The

3 n outer tubney s REREt PR S N R Bl MR S e S T T
() the  nePBnt: 1. 868t rip  Uehe ‘th Slnats BFot RE TPasger 15 . the
[l'ange: DFL=358 (R “Clie RaTonC o 26 Che Capeted por T on 1125 (% aind

to/D 20 011, 3) AR 154 (mi)or aP SCoRITDEL) *kt aPF{DLxt &) 0. 87, and
et abl fshed. ARG (BT a8 Phrier rube 70 Mk oh e Tade OF Tnd Rate
material as t*ég{u%ttti%n tdﬁﬂeecwmzpépgféggg ?%af +@s haye. B tRagr diameter of

260 (mm s and an outer dianeter The outer tube and the inner
tube were conbi nedjiogethero@dser dusd thbe Fdbricated was used at a

temperature beyond 700°C, the flange was significantly
deformed in comparison with the outer tube in Example 1,
10 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 using a dual tube 73 with the outer tube 72 combined
with the inner tube 71 used in Example 1, a process for
15 depositing a CVD film 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
20 prepared so as to fulfill the conditions of the inner
diameter: D;=324 (mm), the thickness: tz=3.5 (mm), the
height: 1,300 (mm), the thickness of the flange: t. =12
(mm), the outer diameter of the flange: Dy;=410 (mm), the
inner diameter of the flange: Dy;=328 (mm), the height of
25 the tapered portion: L;=2 (mm) and the expansion of the
tapered portion: L,=2 (mm), that is to say, 1) ta/D1=0.011,

2) taxXD;=1,134 (mmz), 3) (Dpp—=Dp1) Xt/ (D1Xt,)=0.87, and 4)



A deposition process wherein the dual tube 73 was used to deposit a D Poly
CVD filmon each of sem conductor wafers Win a | ow pressure CVD system
with 10 a heater having a height H of 80 mmwas conducted at 5SOC. The
outer tube was cracked on the first test. EXAVPLE 4 An outer tube 72 nmade

of silicon carbide is prepared so as to fulfill the conditions of the inner
dianeter: 15 D1=386 (nm, the thicknessL t.g=2.5 (mm), the height: 1,100
(mm), the thickness of the flange: t,=20 ( , the outer dianmeter of the

flange: DF2=470 mm), the tﬂfsercagéarrl;ﬁsr Lok fenf Langex (PELF3R0.dgyn , the

hei ght of the aﬁered porfion 2 e expaﬁ5|o t He

tapered portio t S aXD =965
(m 2) , 3) (D@ijFv% x{gcglta(b[%ll%%d _1§A@ggi®i§né)lj)ﬁ Lzl%f%q?ﬁe h%‘l)s7t case, the
equat i on of t cx( DER- D) 71600 (PHR) s&ﬁeeﬁéégbéfﬂegs £rdepastil onypr ocess
wherein the outer tube 72 Is 25 used deposit an oxi I'm on each of

Senlconductorﬂwagﬁﬁ%ép¥¥éa §ohé§htBeHH€éaEHr@nh@?rHEBmEEéét6?n§6begﬁﬁﬁr
with a heater having a height Hof 150 mmis conducted at - C. The

outer tubesis grackgdofirem anaputer opebkBhenal . Pofhd ofuPlrt hent! &nge 72c on
the first test. When the novel outer tube is used in a thermal treatnent

system for sentgondugEter subkhRedestaneenbat wegBthert Ag kOWRR1€da®0f 3t he
heat er and the base can be shortened since the novel outer tube is forned
so as to 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

10 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:
15 D;=386 (mm), the thickness: tz=2.5 (mm), the height:
1,100 (mm), the thickness of the flange: t.=20 (mm), the
outer diameter of the flange: Dy;=470 (mm), the inner
diameter of the flange: Dp1=390 (mm), the height of the
tapered portion: I;=2 (mm) and the expansion of the
20 tapered portion: L,=2 (mm), that is to say, 1)
ta/D1=0.0065, 2) taXD;=965 (mm®), 3) (Dg2-
Dp1) Xteo/ (D1Xty)=1.66, and 4) Li/Ly=1. In this case, the
equation of t¢X(Dg;-Dr1)=1,600 (mm?) is established.
A deposition process wherein the outer tube 72 is
25 used to deposit an oxide film on each of semiconductor
wafers W in a high temperature thermal treatment reactor

with a heater having a height H of 150 mm is conducted at



satisfy the particular conditions. By this arrangenent, the isothernmal
heating zone can be enlarged to the increase the throughput of wafers at
one time in a 10 thernmal treatnent system for sem conductors using the
novel outer tube. In accordance with the present invention, the outer tube
can cope with an increase in dianmeter w thout providing the base with a
special projection for supporting the flange of the outer tube. 15
Additionally, the outer tube has an advantége‘of being superior in

durability. igggdln , the novel outer tube is free from problens, such
as gas | eakagée-due tgméﬁ O?E%ﬁf?? T eht %E%?kﬁg E?%@s%?eo?ﬁefhe case of
contacting and _supporting . th and suffl cool i ng_ 20 of
the flange of PEHéR %ﬁ?@ﬁ‘ggﬁj Aﬁdﬂiqgh n%?} ?nﬁﬁ t ?ﬂ%ﬁ $Ube*has an
advant age of avoi din tanLn cqysgd by partlcles Si nce %he out er
tube is made of 1 %ﬁ: *Tdr bl e 'ﬁﬁ%ren%T?e*ﬂl%%?%sﬂfe of“JaPanese Patent

Appl I'cat i on %SCN%menq: 55c1 9ch;c eml0 onF bcgtuoarré/ 2t%‘ie 2c9'03 I nel utg %\9%?}1

speC| fication al b aWI n S an SUI’TTTB. I'ncor pora e

reference pn i th% ‘?LEJ eté’dc%e éfg endd MR lar% uhel d ubg, 1‘>"Q' ch is made of

silicon carbl has an upper por |on closed and a | ower portion

opened, has t@%&f% tﬂé%‘gégrﬁﬁbé!téh %ﬁﬁ N5§0, @S¢ 4 0
expand a dianeter t ereo t owa ower end ereo as a flange
formed on an UL ETs sfy the particular conditions. By thlS arrangement,
the isothermal heating zone can be enlarged to the
increase the throughput of wafers at one time in a
10 thermal treatment system for semiconductors using the
novel outer tube. In accordance with the present
invention, the outer tube can cope with an increase in
diameter without providing the base with a special
projection for supporting the flange of the outer tube.
15 Additionally, the outer tube has an advantage of being
superior in durability. Accordingly, the novel outer
tube is free from problems, such as gas leakage due to an
insufficient sealing pressure in the case of contacting
and supporting the projection, and insufficient cooling
20 of the flange of the outer tube. Additionally, the novel
outer tube has an advantage of avoiding contamination
caused by particles since the outer tube is made of
silicon carbide.
The entire disclosure of Japanese Patent Application
25 No. 2003-051329 filed on February 27, 2003 including

specification, claims, drawings and summary is

incorporated herein by reference in its entirety.



peri pheral side of the |lower portion; the following conditions being net:
1) aratio of to/DL is fromO0.0067 to 0.025, 10 2) a product of taXDl is
from600 to 4,000 (nm), 3) (DFzZ-DF1l) Xtc/ (D Xta) is fromO0.1 to 0.7, and
4) L1/L2 is from1l to 10; where the outer tube has a thickness of to (nm
and an inner dianeter of DL (mm), the flange has a thickness 15 of t,
(nmm, an inner dianmeter of DF1 (mm and an outer dianeter of DF2 (nm, and
the tapered portion has a height L1 (nm 8nd an expanse of L2 (my). 2. The
outer tube ac IA'N&g to Claim1, wherein the tapered portion has upper and
| ower edges of an I'nmner 20 peripheral side rounded with a radius of 2 mm

(R2) or above 3.aThgLufcrublibe,Acear dhngabe Stalm logh 2. dbacel gpathe

t apered portion has an [ nner suffac a surface “roughness Ra o

greater than Tuid 25 dn Addes TBL- L1621 UE0L. 8l Em UsLOO: A0 OUL gf ¢ Ube.

which is made of silicon car Sand as anh up portTon ¢l osed and

por L1 on S0 as S SApanT el ARl e TR TOWAra % Mover “oRd Ther oof,

portion so as to expand a di anet r ereof, and

has a 'flgngg?glogf@r@ &5 28 @Htéisp&?cﬁié)h&{@rheéégetﬂérégf £9w§£% ROt Qp; the

foll owi ng conditions being net: 1) aratio of to/D1 is fromO0.0067 to

0.025, 2) a pradyctn®fed £XDinkShds oM 00O AoLROA (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,
10 2) a product of tsXD; is from 600 to 4,000 (mm?),
3) (Dp3-Dp1) Xt/ (DiXts) 1s from 0.1 to 0.7, and
4) 1,/L; is from 1 to 10;
where the outer tube has a thickness of t, (mm) and
an inner diameter of D; (mm), the flange has a thickness
15 of t. (mm), an inner diameter of Dy (mm) and an outer
diameter of Dp; (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
20 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
roughness Ra of not greater than 7 um.
25 4. A thermal treatment system using an outer tube,
which is made of silicon carbide, and which hasgs an upper

portion closed and a lower portion opened, has the lower



3) (DF2 - DF1)xtc/(Dixta) is from0.1 to 0.7, and 4) L1/L2 is from1 to 10;
where the outer tube has a thickness of to (mm) and 10 an inner dianmeter of
D1 (mm, the flange has a thickness of t0O (nm, an inner dianeter of DFl
(mm and an outer diameter of DF2 (nm, and the tapered portion has a

hei ght L1 (m”m) and an expanse of L2 (m. 5. The thermal treatnent system
according to Claim4, 1is wherein the tapgr ed portion has upper and | ower
edges of an inner peripheral side rounde Swith a radius of 2 mm (R2) or

above. 6. The_ther.mal treatpent, ,syst.e cording.to Claim4 or__5, -wherein
t he tapered péjlptri o aftsorar%ecl{nrsl“ﬁletrh paertf %‘?% p%tgls?%es%a?/% nﬁoae}éla??%cae

roughness Ra of. _nat t 7 r at nent, system
according to lé‘illmr%tfqr g%egecéj%v%%arrec?rr?t%%‘;%gi‘%ﬁf tEi?él(’)%éfhea]fl((%]lp}é‘?‘%e/daporti on

satisfies the relati QJBSLI}&@ oé HL4<&¥éwﬁev¥m@ £ gi'_sddi apge ?gvt_, en a
lovest end of o hdst 67 AR & bott om - eury aee ?ﬁe ou?e?ktgﬁe |“§ny-\f(m1).
portion; the following conditions being met:

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

2) a product of taxD; is from 600 to 4,000 (mm?),

3) (Dpz - D)Xt/ (DiXta) 1s from 0.1 to 0.7, and
4) In/L, is from 1 to 10;
where the outer tube has a thickness of t, (mm) and
10 an inner diameter of D; (mm), the flange has a thickness
of t, (mm), an inner diameter of Dy (mm) and an outer
diameter of Dg; (mm), and the tapered portion has a
height L; (mm) and an expanse of L, (mm).
5. The thermal treatment system according to Claim 4,
15 wherein the tapered portion has upper and lower edges of
an inner peripheral side rounded with a radius of 2 mm
(R2) or above.
6. The thermal treatment system according to Claim 4 or
5, wherein the tapered portion has an inner peripheral
20 side having a surface roughness Ra of not greater than 7
um.
7. The thermal treatment system according to Claim 4, 5
or 6, wherein the height L, of the tapered portion
satisfies the relationship of H/4<L;<3*H/4, where a
25 distance between a lowest end of a heater and a bottom

surface of the outer tube is H (mm).





