} Qug Ref.: AB-707 (F2004-018) - 1 THERVAL TREATMENT SYSTEM FOR
SEM CONDUCTORS The present invention relates to a thermal treatnent system
conductors, which is used for depositing a non-oxide film such as
a polysilicon filmor a nitride 5 film or an oxide filmon a surface of a
sem conductor wafer. For the outer tube or the inner tube used in | ow
pressure CVD systens for thermal treatnent of sem conductors and
for high-tenperature thermal 10 treatnent, quartz gl ass has been used, for

for sem

exanpl e,

for reasons that it is easy to obtain high-purity gl ass,

reactors

it has

a thermal resistance, it has a small therrRilr sReless ABEhEr atB2O W01 ®) a | ow
expansi on coefficient, and it is excellent at thermal insulation
due to a low 15 thermal conductivity. Wien a deposited filmis a
con filmor a nitride film a thermal treatnent systemfor

sem conductors, which uses, e.g., an outer tube nade of silicon carbide,

t her na

pol ysi |

has been recently proposed

t her mal

20 expansi on coefficient between the deposited filmand -

gl ass causes the deposited filmon the quartz glass to peel off i
system and contam nate a wafer and that the thermal resistance is further
i nproved (see
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THERMAL TREATMENT SYSTEM FOR SEMICONDUCTORS

fromthe viewpoints that the difference in

2 quartz
n the

The present invention relates to a thermal treatment

system for semiconductors, which is used for depositing a

non-oxide f£ilm, such as a polysilicon film or a nitride

5 film, or an oxide film on a surface of a semiconductor

wafer.
For the outer tube or the inner tube used in low

pressure CVD systems for thermal treatment of

semiconductors and reactors for high-temperature thermal

10 treatment, guartz glass has been used, for example, for

reasons that it is easy to obtain high-purity glass,

it

has a thermal resistance, 1t has a small thermal stress

generated due to a low thermal expansion coefficient,
it is excellent at thermal insulation due to a low

15 thermal conductivity. When a deposited film is a

and

polysilicon film or a nitride film, a thermal treatment

system for semiconductors, which uses, e.g., an outer

tube made of silicon carbide, has been recently proposed

from the viewpoints that the difference in thermal

20 expansion coefficient between the deposited film and



Pat ent Docunents 1 and 2). 5 However, the use of silicon carbide has a
problem that fracture is easily caused due to tensile stresses or bending
stresses mainly generated at three locations A, B and C shown in Fig. 7 of
Pat ent Docunent 2 (corresponding to Fig. 4 of the application) since
silicon carbide has a 10 higher thermal expansion coefficient and a higher
thermal conductivity than quartz glass._ The use of silicon carbide also
has a problemthat an Oring, which is normally interposed between the

outer tube aﬁﬁa%tga§Qas%sc%ﬁ%e%ot%%_%%b€§16§§QH§ﬂ1Q&l%ﬂé‘ﬁﬁﬁ#ﬁgbide
g abi ]

having a high 15 thermal conductivity, and the gas-sealin ty is

therefore inpabkadt@agield. AF QRe tOfe LhR tRASHE Sortanlids REQN JRIfRosed a
nmet hod (hereinbelow, referred to as neasure A) wherein the distance

bet ween the Bbatt emesuthacenefrman oulalthuke 3@ mdedr sildprcardide and
the | owest end of a heater is set at a length of 200 nmor |onger in order

to | ocat e anra®ehicn®ophyental hy agday)f.rom a heat source (see Patent
Docunent 1) . As another neasure, it has been proposed a nethod

(her ei nbed ow, reftemerdt,0 A% AERs Wi B)1 Wher eidarH &b 1saala rhigbldn
I nt er posed between a flange of an outer tube made of silicon carbide and a
base and whetkin #mrachnee ipekriaphévalcaperd dneoftd herfdidrge trkaisdss or
radially nore - 3 inward than the seal ring is contacted to and supported
by the base bsediRgt stirebsesnpatin?y. generated at three locations A, B
and C shown in Fig. 7 of Patent Document 2 {(corresponding
to Fig. 4 of the application) since silicon carbide has a
10 higher thermal expansion coefficient and a higher thermal
conductivity than guartz glass. The use of silicon
carbide also has a problem that an O-ring, which is
normally interposed between the cuter tube and a base, is
apt to be seized because of silicon carbide having a high
15 thermal conductivity, and the gas-sealing ability is
therefore impaired easily.

As one of the measures, it has been proposed a
method (hereinbelow, referred to as measure A) wherein
the distance between the bottom surface of an outer tube

20 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
Document 1). As another measure, it has been proposed a
method (hereinbelow, referred to as measure B) wherein a

25 seal ring is interposed between a flange of an outer tube

made of gilicon carbide and a base and wherein an inner

peripheral portion of the flange that is radially more




However, it has been recently difficult to ensure a |length of 200 nm or

|l onger. This is because it is 5 strongly demanded to deal with a |l arge
volune of silicon wafers at a tinme and because there is a tendency to
spread an isothermal heating zone or to bring the lower end of a heater as
near to a base as possible in order to increase the nunber of silicon
wafers to be dealt with in 1-0 a thernalcv%fatnent system for

sem conductors, such as a |ow pressure system Fromthis viewpoint,

measures ot gﬁﬁgggs
Addi ti onal | y?ﬁwéﬂ%&ggy%f%ﬁl colﬁgeelr% ngen %?uéjt%gégl het eased
from 200 mm 4Q, 30 PR | QYSaredd Mﬂé}ﬁ[ oyf er dianeter of outer tubes

has been accordingly I ncreased to 350 nmo onger. For this reason, in

the case of adoptidigey@Aasu|e %st@@éﬁ féc@ntppsawﬂéﬁyttb@teﬁ%& £l ange of
an outer tube is insufficiently cooled. There is also possi Flty t hat

20 the | oad prasgf¥ &RPAIG e t&x a SAl4 g THBREDElS \b%rc'a%%e agcqrding to
tenperature to cause gas | eakage due to an insufficient sealing pressure

in particyl arstaorRy ity MRer@fndd@ Ity idih 10Uk d1 eat IBte afo Bahd®W £ SSPEI S4Ar €
since an inner peripheral portion of the flange supported by the 25 base

has |ine conwatfierandtsianasa mdamdianiudoagidan i £hangasdacsprghng to a
thermal treatnent tenperature. In other words, there have been proposed no
nmeasures - 4 spotdeet drharsordastnel Aert ireasioree Br wo dbr can Sad | Sdwet he
end of a heater as near to a base as possible in order to
increase the number of silicon wafers to be dealt with in
10 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.
Additionally, the diameter of silicon wafers has
been further increased from 200 mm to 300 mm or longer,
15 and the outer 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
possibility that the flange of an outer tube is
insufficiently cooled. There is also a possibility that
20 the lcad pressure applied to a sealing member varies
according to temperature to cause gas leakage due to an
insufficient sealing pressure in particular at a time of
carrying out treatment at a low temperature since an
inner peripheral portion of the flange supported by the
25 base has line contact and since the contact location

changes according to a thermal treatment temperature.

In other words, there have been proposed no measures




requirenents, such as an increase in dianeter, an increase in throughput,
and prevention of contam nation caused by particles, which can mnimze
the limtations 5 in the shape and the way of use of an outer tube or the

| i ke to be used, and which can make it difficult for the outer tube or the
like to be fractured by a thermal stress, have sufficient durability and
be excellent at sealing ability mﬁthout_gypporting the outer tube or the
10 like at an inner peripheral portion at ent Docunent 1 JP-A-9- 251991

(page | to pa@det dMhrFiashire RatntndaReueen, iR k) L9R657Ffnage | to
page 8 and Figs. 1 to 7, 15 in particular Fig. 7) Patent Docunents and 2

correspond t @ g ren@PR 406y AN ERTAGIIRESL. ik dismditdbi egf of the

present invention to provide a thermal treatment system for

senm conduct ofisicrdfiseh iins thd@ueapaltl e ofd ¢aRiRe tWdM Jfe QUM ShisHich as
an increase in diameter, an increase in throughput and prevention of

cont am nat i orat@dsie thybypaparildlelses whiichi Mati Ro ifE zd itHd atin@n: 46 dfie shape
and the way of use of an outer tube and the |ike to be used, and providing
t he out ers 25 ihul@enishiapguiahiceitért whyr alfi lusley cdnGinexaldretfutseald nghe abil ity
w t hout providing a projection to an inner peripheral portion of a base
for supporti Agkehéoolteeus®ed, and which can make it difficult for the
outer tube or the like to be fractured by a thermal
stress, have sufficient durability and be excellent at
sealing ability without supporting the outer tube or the
10 like at an inner peripheral portion.
Patent Document 1
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,
15 in particular Fig. 7)
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
a thermal treatment system for semiconductors, which is
20 capable of coping with requirements, such as an increase
in diameter, an increase in throughput and prevention of
contamination caused by particles, minimizing the
limitation to the shape and the way of use of an outer
tube and the like to be used, and providing the outer
25 tube with sufficient durability and excellent sealing

ability without providing a projection to an inner

peripheral portion of a base for supporting the outer




tube.and the |ike. The present invention provides a thermal treatnent
system for sem conductors, conprising an outer tube, which is nmade of
silicon carbide, and which has an upper 5 portion closed and a | ower
portion opened, and has a flange formed on an outer peripheral side of the
| ower portion; a base, which supports the |ower portion of the outer tube
and provides hernetic seal between the |ower_ portion of the outer tube and
the base; a lid, which is 10 provided so as to selectively open and cl ose
an opening fpedid eheefgal portion of the base; and a reactor wall

whi ch surrounds an outer peripheral wall and an upper wall of the outer

tube and has a hesterppsodhdedn vt 8luh NBEE S588: 2 WisE Bha1 ap-a0pHkar seal ing
menber and an 15 annul ar supporting nmenber are interposed between the

outer tube ang dhan base SénideiaddiensdipRhhgs 1 digret Ocgited around an
outer peripheral side of the sealing nenber, and wherein the supporting

menber has arwhid end ineidiest diansfrercoasfdd cia wHid0 Has 2200020 W (M2
-K). The thermal treatnment system for sem conductors according to the
present i mventdomn dherishelond J ef@ideborsidheEsd®N)and @ad her nal
treatment systemfor sem conductors, which conprises an outer tube, which
is 25 made offknge ovoerdiae,aranthtvdr glerhiagsheara luppeie pof tilon 1ebeosed and a
| ower portion opened, and has a flange formed on an outer peripheral side
of the | ower gmnuiqnm a base, which supports the lower portion of the
outer tube and provides hermetic seal between the lower
portion of the outer tube and the base; a lid, which is
10 provided so as to selectively open and close an opening
formed in a central portion of the base; and a reactor
wall, which surrounds an outer peripheral wall and an
upper wall of the outer tube and has a heater provided on
an inner side; wherein an annular sealing member and an
15 annular supporting member are interposed between the
outer tube and the base so that the supporting member is
located arcund an outer peripheral side of the sealing
member, and wherein the supporting member has an
effective heat transfer coefficient of 50 to 2,000
20 W/ (m®-K).
The thermal treatment system for semiconductors
according to the present invention (hereinbelow, referred
as the system) is a thermal treatment system for
semiconductors, which comprises an outer tube, which is
25 made of silicon carbide, and which has an upper portion

closed and a lower portion opened, and has a flange

formed on an outer peripheral gide of the lower portion;




- 6 .a base, which supports the |ower portion of the outer tube and

provi des hernetic seal between the |lower portion of the outer tube and the
base; a lid, which is provided so as to selectively open and cl ose an
opening formed in 5 a central portion of the base; and a reactor wall,

whi ch surrounds an outer peripheral wall and an upper wall of the outer
tube and has a heater provided on an inngergside. Wen the systemis used
as a |l ow pressure CVD system it is preferable that an inner tube, which

has upper anda Ifhdoweshbitdss@penets amnd ﬂ@b@hdéér@?&? of shdigepesarbide,
I's put on the base so as to be provided around an inner peripheral side of

the outer tubenive tand @egpyides distatiet Do Py deeBrddier M 1608t NBHEL system
for sem conductors capable of reducing a thermal stress 15 generated in

the outer tubef ttekimgtét dilhéimdtthiorbdde; Huled, tutbech oiderfsacasqed and
bei ng excellent at sealing ability w thout adopting neasure A or neasure B

stated earlisy,as e syslem boehy dpen tand hel e santopdvang | Brmsd in

characterized in that the heat conduction fromthe flange 20 of the outer

tube to the Fastentsrabmoniieud df tEnt rhste ngand he mraudar wahp, twipieal |y

represented by an Oring to ensure the sealing ability, by providing the

annul ar  supForEEHNGfe ve rodlru et irhena erwakk i phkraxt \imker ofatheof annul ar

sealing nenber to reduce the thermal stress 25 generated in the outer tube

and appr opri &8 YYtEertibr ang @& e tgir toeowiied on seal immenendbde, and

b pprop

y When the system is used as a low pressure CVD system, it
is preferable that an inner tube, which has upper and

10 lower ends opened, and which is made of silicon carbide,
is put on the base so as to be provided arocund an inner
peripheral side of the outer tube with a gap.

In order to provide a thermal treatment system for

semiconductors capable of reducing a thermal stress

15 generated in the outer tube, making it difficult for the
outer tube to be fractured and being excellent at sealing
ability without adopting measure A or measure B stated
earlier, the system according to the present invention is
characterized in that the heat conduction from the flange

20 of the outer tube to the base is controlled by entrusting
the annular ring typically represented by an O-ring to
ensure the sealing ability, by providing the annular
supporting member around the outer peripheral side of the
annular sealing member to reduce the thermal stress

25 generated in the outer tube and appropriately lower the

Cemperature of the annular sealing member, and by

providing the supporting member with an effective heat




provikdi ng the supporting nenber with an effective heat - 7 transfer
coefficient of 50 to 2,000 W(n2. K). In drawngs; Fig. 1 is a vertical
cross-sectional view of an enbodi nent of the | ow pressure CVD system
according to 5 the present invention; Fig. 2 is an enlarged fragnentary
view of a supporting nenber and its surroundings in the enbodinent; Figs.
3(a), 3(b) and 3(c) are schematic views of,typical exanples of the
supporting nmenber, wherein the 10 supporting menber conprises plural

nenbers | ayetednisFed RN idnteeld & i) B Hor36@) (m?t kg supporting menber
conprises plural nmenbers concentrically layered in a peripheral direction
in Fig. 3(b)rnaggatfieggupporting nenber conprises plural nenbers |ayered
in a height 15 direction and a surface in contact wwth a flange tapered in

Fig. 3(c); and Firg.g.4 1 <A &5GRaMEIdLl Wy S8 @i i hewe@no puder  tube is
def ormed when being used at a high tenperature. Now, the system according
to an enbodi erbbddfmehlte 020 thicesent pirsemircomy |9y endesdiiathg et ai |,
referring to the acconpanying drawings. Fig. 1 shows a vertical
Cross-secii onake ypreweaft anwvgpitdain;case wherein the system 60 is applied to
a low pressure CVD systemincluding an outer tube 72 and an inner tube 71.
The system 60 25Higcl Bdds arr eadteorgesal fir @fneponpmyt siingyw aofiet al casing 61
supporting member and i1its surroundings in the embodiment;
Figs. 3(a), 3(b) and 3(c) are schematic views of
typical examples of the supporting member, wherein the
10 supporting member comprises plural members layered in a
height direction in Fig. 3(a), the supporting member
comprises plural members concentrically layered in a
peripheral direction in Fig. 3(b), and the supporting
member comprises plural members layered in a height
15 direction and a surface in contact with a flange tapered
in Fig. 3(c); and
Fig. 4 is a schematic view explaining how an outer
tube is deformed when being used at a high temperature.
Now, the system according to an embodiment of the
20 present invention will be described in detail, referring
to the accompanying drawings. Fig. 1 shows a vertical
cross-sectional view of a typical case wherein the system
60 is applied to a low pressure CVD system including an
outer tube 72 and an inner tube 71. The system 60
25 includes a reactor wall 63 comprising a metal casing 61

and a thermal insulation material 62 affixed to an inner

peripheral side thereof. The reactor wall 63 has an




and & thermal insulation material 62 affixed to an inner peripheral side
thereof. The reactor wall 63 has an - 8 inner peripheral side provided
with a heater 64. The reactor wall 63 has a | ower side closed by a base
65. The base 65 has a central portion fornmed with an opening for

i ntroduction and w thdrawal of sem conductor wafers W 5 and the opening is
provided with a lid 66, which can selec;igely open and cl ose the opening
by being vertically nmoved by an unshown |ift. The base 65 has a gas

i Nt roduCt i on s i RGNANES 21074 &7 oINS S &y B NRSh 8, Al 61 UbeyT3 put

t hereon, the dual 10 tube conprising the inner tube 71 and the outer tube

72 surroundidih AbOWLIL Y ihery Kwler of i ddied Juss %}lb&,ﬂésev\é%h a gap,
t he inner tube having upper and | ower ends opened and bei ng nmade of

silicon carbigf mub tde 14l & cdrithealso RN dmeles ofi oh | 4§ 0B &R1 R de.

Al t hough the 15 inner tube 71 may be elimnated fromthe system the inner

tube is nor mady iprrwdiest WremnddarissdeMd s o fpRdhEcbhudr bPWeREE8SUE CVD
system The outer tube 72 conprises a peripheral wall 72a in a cylindrical

shape, an uppel tied lopéRhire) dsi g @ dgperianc afid es peshphieredn 20 wal |
72a, and a flange 72c provided on the outer peripheral side of the |ower
edge of the peliggidradlwalden 728l clhesdage: Gipdrainarbyarkaimg recess or step
formed at a portion to be in contact with a bottom surface of the
vertically moved by an unshown lift. The base 65 has a
gas introduction and discharge port 67.
The base 65 has a dual tube 73 put thereon, the dual
10 tube comprising the inner tube 71 and the outer tube 72
surrounding an outer periphery side of the inner tube 71
with a gap, the inner tube having upper and lower ends
opened and being made of silicon carbide, and the cuter
tube also being made of silicon carbide. Although the
15 inner tube 71 may be eliminated from the system, the
inner tube is normally provided when the system is
applied to a low pressure CVD system. The outer tube 72
comprises a peripheral wall 72a in a cylindrical shape,
an upper wall 72b closing an upper end of the peripheral
20 wall 72a, and a flange 72c¢c provided on the outer
peripheral side of the lower edge of the peripheral wall
72a.
The base 65 has an annular recess or step formed at
a portion to be in contact with a bottom surface of the
25 flange 72c. The recess or step has an annular sealing

member 68 housed therein to hermetically seal the bottom

surface of the flange 72c. The base 65 has an unshown




25 flange 72c. The recess or step has an annul ar sealing nenber 68 housed
therein to hernetically seal the bottom surface of the flange 72c. The
base 65 has an unshown - 9 water jacket forned therein to prevent the
annul ar sealing nmenber 68 from bei ng heat-danaged. The recess or step has
an annul ar supporting nenber 92 housed therein so as to be provided around
an outer peripheral side of 5 the annular gealing nenber 68. In the system
t he supporting nenber 92 has an effective heat transfer coefficient

(overal | heatyatdr@ansd@tec ol Fhdd ehdr &fn 5 119 & 000 W MnnkQ ar The

effective heat transfer coefficient is given by dividing 10 heat quantity
passi ng fromdd flpneade of fihen BwdBlg Kebe-danddes base b dduough the

supporting nmenber per unit tinme by the area of the supporting nmenber. The

area of the suppadd ngth emerad s umsdse 1he i eet & Bsefedf thdhein
supporting nmenber that is obtained by projecting the 15 supporting nenber
in use from aowes tWhdn e efdettdameuhtain teoansf esecnsidi£1 entgé sof ess
than 50 W(nferr]K), there is a possibility that the sealing nenber 68,
such as aa Ouhexgnrsl subjesct vdy treenileat @age, such as seizure, since the
flange is insufficiently 20 cool ed. On the other hand, when the effective
heat transfer coBEffileesysiambeyloads OO0t Wg nRdéfhet hg2 ehas an possibility
that the flange is apt to be fractured since the tenperature difference
bet ween t he igfif@ctaige digaly transfer coefficient (overall heat

transfer coefficient) of 50 to 2,000 W/{m’-K). The

effective heat transfer coefficient is given by dividing
10 heat quantity passing from the flange 72c of the outer

tube to the base 65 through the supporting member per

unit time by the area of the supporting member. The area

of the supporting member 92 means the projected area of

the supporting member that is obtained by projecting the
15 suppeorting member in use from above.

When the effective heat transfer coefficient is less
than 50 W/ {m?-X), there is a possibility that the sealing
member 68, such as an O-ring, is subjected to heat damage,
such as seizure, since the flange is insufficiently

20 cooled. On the other hand, when the effective heat
transfer coefficient is beyond 2,000 W/ (m?-K), there is a
possibility that the flange is apt to be fractured since
the temperature difference between the inner and outer
peripheral sides of the flange is too great. The

25 effective heat transfer coefficient is preferably not
higher than 1,000 W/(m®-K). In order to apply the system

to a process for fabricating semiconductors at a




peri pheral sides of the flange is too great. The 25 effective heat transfer
coefficient is preferably not higher than 1,000 W(nRK). In order to apply
the system to a process for fabricating sem conductors at a - 10
relatively high tenperature, the effective heat transfer coefficient is
preferably 100 to 600 W(M -K), nore preferably 200 to 500 W(mK). There
is nolimtation to the structure of the 5gsupporting menber as |long as the
supporting nmenber has an effective heat transfer coefficient in such a

range. The sigRaiively Mergiertdpdiaitdaaysa of naeivemmeis henster
supporting nmenber may have a | ayered structure wherein identical kinds of
materials, sicddffididgnts 0f prdfidall 1000 wh ffer ant (hd.n0s efofmmterials are
| ayered. Fig. 2 shows an enlarged fragnentary view of the supporting
nmenber 92 andrdfemsiblowr ngs 500 vhe(rsyghem In this figure, reference
nuneral 92 designates the annular supporting nenber provided around the
out er peripheral Tese des afo thenbiremd @t tseathegs tendeir §8£ Atlidough t he
seal i ng nenber 68 and the supporting nmenber 92 are both annular, each of

the seal i Ag rsmT tdrd telsppor tiony aweriey duwppuott ialgvaysnizer ings asn a
singl e menber. Each of the sealing nenber and the supporting nmenber nmay be
20 forned by sfdmsitiivey hiat dedirsdety o it entr iing sidpe rdigs. 3ha) to
3(c) show typical exanples of the supporting nmenber 92. Fig. 3(a) shows a
case wherei n §ypporting member is not always a single member. The
supporting member may have a layered structure wherein
identical kinds of materials, similar kinds of material
10 or different kings of materials are layered. Fig. 2
shows an enlarged fragmentary view of the supporting
member 92 and its surroundings in the system. In this
figure, reference numeral 92 designates the annular
supporting member provided around the outer peripheral
15 side of the annular sealing member 68. Although the
sealing member 68 and the supporting member 92 are both
annular, each of the sealing member and the supporting
member is not always a ring as a single member. Each of
the sealing member and the supporting member may be
20 formed by combining divided sections into a ring shape.

Figs. 3(a) to 3{c) show typical examples of the
supporting member 92. Fig. 3(a) shows a case wherein the
supporting member 92 is formed by layering plural members
in a height direction. Fig. 3(b) shows a case wherein

25 the supporting member 92 is formed by concentrically

layering plural members in a peripheral direction as in a

tree-ring. Fig. 3(c) shows a case wherein the supporting




supperting nmenber 92 is fornmed by | ayering plural nmenbers in a height
direction. Fig. 3 (b) shows a case wherein 25 the supporting nenber 92 is
formed by concentrically |layering plural nmenbers in a peripheral direction
as ina tree-ring. Fig. 3(c) shows a case wherein the supporting - 11
menber 92 is fornmed by layering plural menbers in a height direction and
then tapering a surface of the Ilayered_structure in contact with the
flange 72c of the outer tube. Layering may be done in both of a height 5

direction anduauper i pheial fSihegthPmaddl 109 AL PImehBYLEi g 4n a hei ght
direction, the nenbers to layer do not always have the sane shape unlike

the case in FigighB(@red®logXai®! €het heap@rhes sa tout ayes HRY:he formed so
as to have gradually larger areas frombottomto top, or 10 only the bottom

nenber has a layeesd aseruciies 1myestwet svianechd g1 deightadi secthon as
shown in Fig. 3(a), the layering may be done by using identical Kkinds of

mat eri al s or difderenbe ki n@s «afi ngateni &es dohli Sn B UECFUSE Hdidre possi bl e
to control the effective heat .15 transfer coefficient not only in the case
of conbi nisng ditdderentarkd nespef iptedeal adisrdet i@t so I tHe ease off

| ayering identical kinds of materials. However, when layering is

concentri cal | \exdonisnasis hovireightFidlr&(th)gn i tthes miifexslto i hapsacddce to

| ayer identical kinds of 20 material to control the effective heat
transfer codfdt cileraysihree tttee heste tstmsf emdikecthorcase din etied

3(a). For example, the members to layer may be formed so
as to have gradually larger areas from bottom to top, or
10 only the bottom member has a larger area.

When layering is done in a height direction as shown
in Fig. 3(a)., the layering may be done by using identical
kinds of materials or different kinds of materials. This
is because it is possible to control the effective heat

15 transfer coefficient not only in the case of combining
different kinds of materials but also in the case of
layering identical kinds of materials. However, when
layering is concentrically done as shown in Fig. 3(b), it
is difficult in practice to layer identical kinds of

20 material to control the effective heat transfer
coefficient since the heat transfer direction is directed
to a vertical direction. From this viewpoint, it is
preferable to concentrically layer different kinds of
materials, and it is more preferable to concentrically

25 layer different kinds of materials so as to alternately

include a first kind of materials and a second kind of

materials in the layered structure.




to a.vertical direction. Fromthis viewoint, it is preferable to
concentrically layer different kinds of materials, and it is nore
preferable to concentrically 25 layer different kinds of materials so as to
alternately include a first kind of materials and a second kind of _
materials in the layered structure. - 12 Fromthe viewpoint of preventing
the outer tube from being fractured, it Eg preferable that the supporting
menber has a surface in contact with the otiter tube flange 72c formed with

a tapered StrucCtyeOrife SHERRRSS B Sif %ﬁ&ﬁ%rﬁﬁge&tép COBE W.LA

thermal deformation in use (see Fig. e surface in contact

; . e : 4 th
with the outRnnqulefdedfieR, 746 1is &rerg-g:jfa\%lgé; %%né%%%r%o;}%?# ure e

entire surface in contact with the outer tu aper ed,

or a_por {| onmahiiee by SHIATE N iePRAR M L e QUL ibg fd ange may be

formed wth a tapered structure. When the surface 1s fornmed wth the

stepped strucuhge e ForaRA &fitH ePTdgdrdde SHRRRAL i uctdr g ddhe

nunber may be one), the height of a step, the width of a step or the |ike

may be 155 apprepcicatel,y sdetreicdetgd td tdpe Miehe arendinale ddiensuRporid ng
menber 92 has an elastic nodulus of 0.2 to 120 GPa. The reason why it is

preferabl e t hat t{beesdppar Bi(ag )nenhRen92hbasuafacel ast kenfmay! Wstkhn such a
range is that the outer tube 72 20 can be prevented from being fractured
si nce the the outer tube flange 72c is formed with the tapered
structure, the entire surface in contact with the outer
tube flange 72c¢ may be tapered, or a portion of the
10 surface in contact with the outer tube flange may be
formed with a tapered structure. When the surface is
formed with the stepped structure, the number of steps in
the stepped structure (the number may be one), the height
of a step, the width of a step or the like may be
15 appropriately determined.
It is preferable that the supporting member 92 has
an elastic modulus of 0.2 to 120 GPa. The reason why it
is preferable that the supporting member 92 has an
elastic modulus in such a range is that the outer tube 72
20 can be prevented from being fractured since the
supporting member 92 can be deformed so as to cope with
thermal deformation of the outer tube flange. When the
elastic modulus of the supporting member 92 is beyond 120
GPa, the supporting member 92 is difficult to be deformed
25 so as to follow the thermal deformation of the outer tube

72 since the difference between the elastic modulus of

the outer tube made of silicon carbide (about 350 GPa)




suppaerting nmenber 92 can be defornmed so as to cope with thernmal
deformation of the outer tube flange. Wien the elastic nodulus of the
supporting menber 92 is beyond 120 GPa, the supporting nenber 92 is
difficult to be deformed 25 so as to follow the thernmal deformation of the
outer tube 72 since the difference between the elastic nodulus of the
outer tube nade of silicon carbide (about_ 350 GPa) - 13 and the elastic
nodul us of stainless steel usually used™ £8r "t he base (about 200 GPa) is

relatively snald er. i he her,  han en the elastic no us of .the
supporting mé deschﬁz(glls?%telscs?‘i%%nlhbg. fdf@\ég]a]tr}%e‘?ﬁés iSF s BEkE b 1195P ¢ hat
the sealing h, O-rA IS apt -t.q .he ¢crush by a_| oad. The
out er tube fIr%%:thles%%ogrgea%e}?a%rtnej(?dg%%ﬁ%erlnsglgelfgﬁlovrenﬁ isd?éﬁse%/he CJ(S’Ut er
tube flange i _u i g t tur. e i gwpoi nt of coping
with this 10 tglreo%letglrﬁelI tl'%é{aél ra@{elnc trqr-ll%%’lﬁasé%fect Orad?gfu%%oor I g menber 92 is

preferably nt, 536 Labal0Q Ry, 1 f I n fer_than 80
GPa. In parti Clﬁ%%.r, ll tg is pref erabl e rgt%rhsgtt@{aﬁle%?zggbiac’ ﬁgoh u eﬁgl%fat he

supporting mpperidd §iey, JMfe WRALRIa 1R mludha. L hey odes- , from

the 15 viewpoint that the sealing nenber, such as an Oring, can e
prevented fram Reith@ LiesheddHrD ra igdgprove durability, the elastic

nodul us of the supporting nenber 2 is preferably not |ess than 0.5 GPa,

more preferably 71 dess tthate I Baye is more deformed by thermal
deformation as the outer tube flange is used at a higher
temperature. From the viewpoint of coping with this

10 problem, the elastic modulus of the supporting member 92
is preferably not greater than 100 GPa, more preferably
not greater than 80 GPa. In particular, it is preferable
that the elastic modulus of the supporting member 92 is
not greater than 50 GPa. ©On the other hand, from the

15 viewpoint that the sealing member, such as an O-ring, can
be prevented from being crushed in order te improve
durability, the elastic modulus of the supporting member
92 is preferably not less than 0.5 GPa, more preferably
not less than 1 GPa.

20 Specific examples of the material of the supporting
member 92 having the properties stated earlier are
flucroresinsg, such as polytetrafluoroethylene (PTFE), a
copolymer comprising tetrafluoroethylene and
hexafluoropropylene (FEP), a copolymer comprising

25 tetrafluoroethylene and perfluorocalkoxyethylene (PFA),

and a copolymer comprising tetrafluoroethylene and

ethylene (ETFE). In order to control the elastic modulus



20 Specific exanples of the material of the supporting menber 92 having
the properties stated earlier are fluororesins, such as

pol ytetrafl uoroet hyl ene (PTFE), a copolynmer conprising tetrafl uoroethyl ene
and hexafl uoropropyl ene (FEP), a copolymer conprising 25

tetrafl uoroet hyl ene and perfl uoroal koxyet hyl ene (PFA), and a copol yner
conprising tetrafl uoroethyl ene and ethylﬁ e (ETFE). In order to control
the elastic nodulus - 14 and the thernal %réperties, t he supporting nenber

b d | [al: wt fiber or have a _parous
g?)r/ucteurgfal Exagir(riplace}géé t;\iaelnﬁge%éaﬁailo%’g’t hmekgésé%?ppogﬁ?]?tnlgn WEeY=5 Bther<t han

such heat - r egidardf 4 einfo & SAQMSE Of A 186 148 copination with
nonferrous netal, such agﬁgoa%u% num (f,é%el sll‘%i con %%lﬁg%%oé%nhave a

al um num si | igghuldudiigal |y represented by silumn (38%of Al and 12%
of Si). Exanples of the sealing nenber 68, which is 10 interposed between

the outer tube 7Zaqtbide bSENSnaEdONM %f%ﬂ@ﬁ%%&?&fﬂﬁ&%é%@?rl g\?v are

an Oring nmade of heat-resistant fluorocarbon r or, e.g., a

pressure €VD caysdrerihaan G asdkea!- rires (on Al r d Om i gherso tenpas alpr sy,
application. 15 Although the outer tube 72 to be used in the system 60 may

be made of amgekiidds efordiiraaanbreariniedrfer ddRatE@md] ofsiga@mL£onduct or s,
it is preferable that the outer tube has such a high purity that the
contents of aluminum (Al), silicon (Si), and an aluminum-silicon
alloy typically represented by silumin (38% of Al and 12%
of Si). Examples of the sealing member 68, which is
10 interposed between the outer tube 72 and the base 65
along with the supporting member 69, are an O-ring made
of heat-resistant fluorocarbon rubber for, e.g., a low
pressure CVD system, and a gasket made of Al for higher
temperature application.
15 Although the outer tube 72 to be used in the system
60 may be made of any kinds of silicon carbide for
treatment of semiconductors, it is preferable that the
outer tube has such a high purity that the contents of
impurities typically represented by iron are not higher
20 than 50 mass ppm. Additionally, from the viewpoint of
increasing the durability against repeated washing by use
of an acid, such as HF, it is more preferable that the
outer tube have the entire surface coated with a silicon
carbide film by CVD (chemical vapor deposition). 1In the
25 case of a dual tube with the outer tube and the inner

tube 71 being combined, it is preferable that the inner

tube is made of silicon carbide having a high purity as




I mpurities typically represented by iron are not higher 20 than 50 nass

ppm Additionally, fromthe viewpoint of increasing the durability against
repeat ed washing by use of an acid, such as HF, it is nore preferable that
the outer tube have the entire surface coated with a silicon carbide film
by CVD (chem cal vapor deposition). In the 25 case of a dual tube with the
outer tube and the inner tube 71 being cggbined, it is preferable that the
i nner tube is nade of silicon carbide havPng a high purity as - 15 in the

outer tube. E3jf (%ngﬂpﬁgﬁérla the Lisd. 06 ng %ge E%%cﬁgr %%II %3 may be

approprlately na nornall use “f Grmation “théFeof .

the it and tEE ?%a%%%r it 3 9} e %iiﬁ??lg?elyﬁa%$ 522 P
normal Iy made, Qe StaAi mmlsﬂye%e@%r g 83O éa@éofﬁB RAL

conprises a conbination of the netal casing 61 nade of stalnless steel and

the thermal ifsyHaldi0R 1B aringlt £2 JRAR HheSindted i@V N&achl QMg 15 no
limtation to the application of the systemas long as the system has the

structuresst ¥, add 1814 aHd M3 aRERASNar. sBRRCLENGhsegheangyct or
wafers to thermal treatnment. Exanple of the application are a | ow pressure

CVD system andeaticon iidrsd ey Mrnkl 19xinddld OF gteainRids andan anneal
reactor. Fig. 1 shows a case wherein the system 60 according to the
present i nveitd aedct a@ppalad 630 v rinl 1pr euiprd se¥D &S ysintiinaWiem of
the metal casing 61 made of stainless steel and the
thermal insulation material 62 made of silica-alumina.
10 There is neo limitation to the application of the
system as long as the system has the structure stated
earlier and has a purpose for subjecting semiconductor
wafers to thermal treatment. Example of the application
are a low pressure CVD system, a reactor for thermal
15 oxidation treatment and an anneal reactor. Fig. 1 shows
a case wherein the system 60 according to the present
invention is applied to a low pressure CVD system. When
being applied to a low pressure CVD system, many
semiconductor wafers W are inserted into and supported on
20 a wafer boat 50, the wafer boat is introduced into the
dual tube 73, being put on the 1id, and the opening of
the base 65 is closed by the 1id 66.
Next, the inside of the dual tube 73 is
depressurized through the gas introduction and discharge
25 port 67, and a reaction gas is introduced through the

port to deposit a CVD film on the semiconductor wafers W.

When film deposition has been completed, the inside in




being applied to a | ow pressure CVD system many sem conductor wafers W
are inserted into and supported on 20 a wafer boat 50, the wafer boat is
fntroduced into the dual tube 73, being put on the lid, and the opening of
the base 65 is closed by the lid 66. Next, the inside of the dual tube 73
is depressurized through the gas introduction and discharge 25 port 67,
and a reaction gas is introduced through %e port to deposit a CVD filmon
t he sem conductor wafers W Wen filn1ae% sition has been conpl eted, the

nside in - dfc big104aket Yo 13,15 cLelersed,l Lo e deniessud 2ed, st ate,

and the lid omere to take out the senlcondu ers supported

on the waf er ;iaat 507 iBY 66eREALLAG, 3R, PBRLALLAN cHL! bﬁlegfahgk%rlo

repeatedly deposit CVD filns 5 on the sem conductor warers exanpl es

of the presenafbgge@hbgereéaaaal%ﬁe wa@@g Brampke 2)Bﬁﬂﬁeﬁegeﬂﬂef§ﬁbﬁe
exanpl e (Exanple 3 be shown.” Exanple 1 10 A | ow pressure” CVD system

whi ch 'nC|UdSEe%BthBﬁer1ttH@epZ%sﬂ%!bnQoaﬂebﬁﬁﬁédqyaﬁgb%%1QfC%ﬁoquhsa
t hi ckness of 2.5 nmand a a height of 1,200 mm and nade of silicon carbide

cont ai ni ng S5oABS$EePRBMOEcHAuas ca2NwhEFBYEI {7y, and an outer tube 72 having an
i nner dianeter of 307 mm a 15 thickness of 4.5 mm a height of 1,400 nm a
flange inner di aoeielex@inpd@é BN taef kbakgentutiek othitd @Rl qExeinpAQE mm and
and Example 2) and a comparative example {Example 3) will
be shown.
Example 1
10 A low pressure CVD system, which included an inner
tube 71 having an inner diameter of 270 mm, a thickness
of 2.5 mm and a height of 1,200 mm and made of silicon
carbide containing 5 mass ppm of Fe as an impurity, and
an outer tube 72 having an inner diameter of 307 mm, a
15 thickness of 4.5 mm, a height of 1,400 mm, a flange inner
diameter of 307 mm, a flange outer diameter of 400 mm and
a flange thickness of 10 mm and made of silicon carbide
containing 5 mass ppm of Fe as an impurity, and which was
formed as shown in Fig. 1, was used.
20 Between the outer tube 71 and a base 65, an O-ring
made of vinylidene fluoride rubber (JIS B2401, Bearing
Number V335) was interposed as a sealing member 68. The
supporting member interposed between the outer tube and
the base ocutgide the O-ring 68 had an ocuter diameter of
25 410 mm, an inner diameter of 350 mm and a height of about
4 mm and was formed in a five-layered structure wherein

members made of Al and members made of porous PTFE were




a flange thickness of 10 nm and nade of silicon carbide containing 5 nass
ppm of Fe as an inpurity, and which was fornmed as shown in Fig. 1, was
tsed. 20 Between the outer tube 71 and a base 65, an Oring nmade of
vinyl i dene fluoride rubber (JI'S B2401, Bearing Nunber V335) was interposed
as a sealing nenber 68. The supporting nenber interposed between the outer
tube and the base outside the Oring 68 gﬁd an outer dianeter of 25 410
mm an inner dianeter of 350 nm and a hei ght "of about 4 mm and was forned

020 Vo LRSSt D enners TS Slfl g TEberg i of

porous PTFE were - trically provi SO as

equal  widt h%%gggtsgﬁng$g%r ]p(}tiegr meher amde. of, £TEE Iﬁl‘FrS%n%erme de of Al

and a nmenber romthe outer periphery as own'in Fg. 3(b).

5 The heater ;Bei0Rt H1Wasasel ndtRQ %Ekk!%&‘%ﬁ%é‘@%ﬁﬂ crend, et he flange
of the outer tube. Although the CVD systemthus configured was used to

repeat edl y dgpesiheEYDas! ishigmmade Fafy .f l3ai)pol ysilicon (F-Poly) on
seniconducto? wgfgﬁg ﬁf48 times at g teﬁpérature of 630'C, no defect, 10

such as & crack, 1ees HabgehVeldilght he Wl et I 82 @k rdae R e £8. The
sealing ability was sufficiently maintained, and the degree of vacuumin

the dual tubend3cfwasel Hlangequifr el anEer FR®eSUPROELbAGnMERREEVH2 had an
el astic nodulus of 29 GPa and an effective heat transfer 2
system thus configured was used to repeatedly deposit CVD
films made of flat polysilicon (F-Poly) on semiconductor
wafers W 40 times at a temperature of 630°C, no defect,

10 such as a crack, was observed in the outer ring 72 and
the O-ring 68. The sealing ability was sufficiently
maintained, and the degree of vacuum in the dual tube 73
was in a required range. The supporting member %2 had an
elastic modulus of 29 GPa and an effective heat transfer

15 coefficient of 550 W/ (m?-K).

Example 2

In the low pressure CVD system of Example 1, the
same configuration was adopted except that the supporting
member 92 used in the system was formed so as to have

20 members having a thickness of 3 mm and made of Al and
members having a thickness of 1 mm and made of PTFE
layered in a height direction as shown in Fig. 3(a).
Although the low pressure CVD system thus configured was
used to repeatedly deposit of CVD films 40 times as in

25 Example 1, no defect, such as a crack, was not observed

in the outer ring 72 and the O-ring 68. The sealing

ability was sufficiently maintained, and the degree of




15 ceefficient of 550 W(mK). Exanple 2 In the |ow pressure CVD system of
Exanple 1, the sanme configuration was adopted except that the supporting
menber 92 used in the systemwas formed so as to have 20 nenbers having a

t hi ckness of 3 nm and made of Al and nenbers having a thickness of 1 mm
and made of PTFE |ayered in a height direction as showm in Fig. 3(a).

Al t hough the | ow pressure CVD systen1thus gonfigured was used to repeatedly
deposit of CVD filnms 40 tinmes as in nple 1, no defect, such as a

crack. was nol ggerkedy Aue er g &2 and.he 01 g 8. The

seallng abilirty was su |C|entl mai nt ai ne eg reeor - 18

vacuum i n thgydyal,q hukeﬁe@ov.sagrbas rEOBD S5t R0t 31 s

pressure CVD systen1thus conflgure repeat of CVvD

films made ofgghl t eogepahttr aggoéqttlbﬁegfahv@) ff'lq &r mta@ao%ffats&fl &n 750" G

no 5 probl em occurred.  The supporting nmenber ad an elastlc nDdqus of

1.9 GPa and Chihv t _tran C 2
Exanpl e 3 |nﬂ?ﬁgEP§mﬁgr§é§%%ea%v% g& %Sﬁlggkéfgﬁgﬁg 1, ftﬁ§0 O sane

configuraf i oprvBschsedcaxeent tHiaé LHSpSHPPREt haEbefEINELA82,WaAS NOL
i nterposed and that only the Oring 68 was interposed. Wen the | ow

pressure CVDegsystem hbBuslueonki guvedrwasndsed @ reepedl hke tdepsidian
operation of
coefficient of 222 W/ (m*-K).
Example 3
In the low pressure CVD system of Example 1, the
10 same configuration was used except that the supporting
member 92 was not interposed and that only the O-ring 68
was interposed. When the low pressure CVD system thus
configured was used to repeat the deposition operation of
CVD films stated in Example 1 twice, the deposition
15 operation was stopped since a crack was found in a lower
portion of a peripheral wall 72a of the outer tube 72.
When the system was disassembled for inspection, it was
revealed that the O-ring 68 was partly seized.
In accordance with the system according to the
20 present invention, it is possible to absorb a thermal
stress caused in the outer tube during thermal treatment
by using a supporting member having a specific effective
heat transfer coefficient in combination with the sealing
member. Accordingly, it is possible to increase the
25 degree of freedom in designing of the outer tube since

the limitation to the shape of the ocuter tube can be

minimized, and it is also possible to easily fabricate




CVD t#ilns stated in Exanple | twi ce, the deposition 15 operation was

st opped since a crack was found in a |ower portion of a peripheral wall
72a of the outer tube 72. Wen the system was di sassenbl ed for inspection,
it was revealed that the Oring 68 was partly seized. In accordance with
the system according to the 20 present invention, it is possible to absorb
a thermal stress caused in the outer tubf during thermal treatnent by
using a supporting nenber having a specif 2 effective heat transfer

e b e Ty FReCathiailag W bllc| 06 PER 0o BRABSE,, £REORILATLE 11 L

possible to increase th degreé o omin“deési gnin he out er

tube since g‘%reh't%hatl' O%hta‘%atc*?:%ﬁ%%e if ttht'laT & qt G?Lr %a%%%fgﬁ%t %go 6:1

m nim zed, is also possible to easil abric

tube. The SY§E%ﬁ?%ng&gbngoﬁ%nkh%fp %%%%5n M%%%Q@ % 'Sﬂyﬂgwgﬁﬁg
war ers at a

that it is possible to"deal wth a large volunme of silicon

time since tBareRUiabel ¥AG GRN heRERRNed e'b%’l‘rlrlgre'f'}%cft'iﬂ‘ét&’rhﬁp Py a5

thermal stress generated even when the dianet the outer tube is

largely ifcreasedaldr sthesRogehieontels Hien Wawestrendinddis hgatigfe is
brought nearer to the lowest end of the outer tube in conparison wth a

di stance of oz@erMiube tlenamlyellkeahrrr seys bk heO hosaHieRNCides. 10
Additionally, it is possible to significantly inprove the sealing ability

i n conpari solowekl andasE Wwher giea tllie i solirefighitb&das esuUpRORd 10wedt | Nner
peri pheral portion of
end of the outer tube in comparison with a distance of
200 mm in thermal treatment systems for semiconductors.
10 Additionally, it 1s possible to significantly improve the
sealing ability in comparison with a case wherein the
outer tube is supported on an inner peripheral portion of
the base.
The entire disclosure of Japanese Patent Application

15 No. 2003-90050 filed on March 28, 2003 including

specification, claims, drawings and summary is

incorporated herein by reference in its entirety.




the base. The entire disclosure of Japanese Patent Application 15 No.
2003-90050 filed on March 28, 2003 including specification, clainms,

drawi ngs and summary is incorporated herein by reference in its entirety.
- 20 CLAIMs: 1. Athermal treatnent systemfor sem conductors,
conprising: an outer tube, which is nade of silicon carbide, and 5 which
has an upper portion closed and a |lower p %tlon opened, and has a fl ange
formed on an outer peripheral side of thé~lower portion; a base, which
supports the | ower portion of the outer tube and provides hernetic seal
bet ween the IS 10 portion of the outer tube and the base; a lid, which
i's provided so asAt&éﬁhgftw@wm&p@nsyg@&ncwfes 71 0pEaLOGoE0r TBd N 8

central portion of the base; and a reactor wal surrounhds an outer

peripheral 1Hyisiang. an upper wall of the outer tube and has a heater
provided on an inner side; wherein an annular sealing menber and an annul ar

supporting nenber af enitédLerased etveers MIOW ers 118 n a1t g baseg so
that the supporting nmenber is |'ocat ed 20 around an outer peri pheral side of

thhe seal i B0 REMRA hafnth Wiss&ed odel SUpPRsdddGieerohas gorefdective
eat

opened, and has a flange formed on an outer peripheral
side of the lower portion;

a base, which supports the lower portion of the
outer tube and provides hermetic seal between the lower

10 portion of the outer tube and the base;

a lid, which is provided so as to selectively open
and close an opening formed in a central portion of the
base; and

a reactor wall, which surrounds an outer peripheral

15 wall and an upper wall of the outer tube and has a heater
provided on an inner side;

wherein an annular sealing member and an annular
supporting member are interposed between the outer tube
and the base so that the supporting member is located

20 around an outer peripheral side of the sealing member,
and wherein the supporting member has an effective heat
transfer coefficient of 50 to 2,000 W/ (m?-K).

2. The thermal treatment system according to Claim 1,
wherein the supporting member comprises plural members

25 layered in a height direction and/or a peripheral
direction.

3. The thermal treatment system according to Claim 1 or




2 transfer coefficient of 50 to 2,000 WL (mK) 2. The thermal treatnent
system according to Claiml, wherein the supporting nenber conprises
plural nenbers 25 layered in a height direction and/or a peripheral
direction. 3. The thermal treatnent systemaccording to CCaiml or - 21 2,
wherein the supporting nmenber is nade of a fluororesin and/or alum num 4.
The thernmal treatnment systemaccording to glqin11, 2 or 3, wherein there
is included an inner tube, which is proviided around an inner peripheral

Si de of he ol Gineldhe WAd Mo 83 M fbnbas 1ORRIaaNd: | LYY, §PG5e ogENed.

and which is nade of silicon carbid
and/or aluminum.

4. The thermal treatment system according to Claim 1, 2
or 3, wherein there isg included an inner tube, which is
5 provided around an inner peripheral side of the outer

tube with a gap, which has upper and lower ends opened,

and which is made of silicon carbide.




