Qurr Ref.: AB-698 (F2004-010) - 1 CQOUTER TUBE MADE OF SI LI CON CARBI DE AND
THERMAL TREATMENT SYSTEM FOR SEM CONDUCTORS The present invention rel ates
“to an outer tube made of silicon carbide, which is used in a thernal
treatment 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 | ow pressure
CVD systems for thermal treatment of semcg@ndust ar qpndd egeiyA dQ)

hi gh-tenperature thermal treatnent, quartz gl ass has been used, for
exanple, for reasons that it is easy to obtain 15 high-purity glass, it has
a thermal resistance, it has a |ow thernmal expansion coefficient and a
smal|l thermal stress generated, and it is excellent at thermal insulation
due to a low thermal conductivity. When 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 systemand contam nate a
waf er and that the
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OUTER TUBE MADE OF SILICON CARBIDE AND THERMAL 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 cuter 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 1s 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 i1s 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



5 tthermal resistance is further inproved (see Patent Docunents 1 and 2).
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 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 interposed 15 between the outer tube and a base is apt to be seized
because of s¥ereBhlyapbPResRavirgMathfgHiewepaarscohatcthe oy f fanenciee
gas-sealing ability is therefore inpaired easily. As one of the neasures,
it has been pRopbstHad 2BPAEShEH CRefElAbenswbetwrerr chet deposatadure A
wherein the _distance between_the bottom surface of an outer tube _nade of
silicon carbféémapBdt Hearsreglaspndcansasheatefeprssised aela kengekrlof 200
mmor longer in order to locate an O-ring physically amaﬁ froma heat
source (see Phfehl QSSEﬁéﬁﬁeﬁPd1§PHPSméﬁégﬁeﬁ we&sur endi £hR&s theen proposed
a nethod (hereinbelow, referred to as.  neasure B) wherein a seal ring is

i nt er posed bERGEBAlaTEFaRGBNEE AR SUFERerupBProgednpggecofasrhitcon car bi de
and a base and wherein_an inner peripheral portion of the flange that is
radi al |y norBOCHRGRFE £haRdt hé-seal ring is contacted to and supported by

h Pat ent Docunent 2).
the base (see However, the usé 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

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 gilicon
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) wherein
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 1s interpogsed between a flange of an outer tube



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

| onger. This is because it is strongly denanded to deal with a |arge
*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 treatnent system for sem conductors, such as a | ow
pressure CVD system Fromthis viewpoint, 3neasures other than neasure A
have been demanded nore and nore. 15 Additionally, the dianeter of silicon
waf ers has Meed ?hrehbicpRAcrenBidef poth 20b2fm epdl3vbenmior ahongser and
the inner dianmeter of outer tubes has been accordingly increased to 350 nm
or |longer. FRRrimferaloagbhionnofheheatéangeatibpti hg nedialédyBnorfere is a
20 possibility that the flange of an outer tube is insufficiently cooled
and that an PHERFH| Ehant tBeafPRy T pREsstrecrhARbedpEevand augRSTEREm

| eaki ng since an i nner peripheral portion of the flange supported by a
base has |ié tdrtBeseanteei ReketheDPesHiaRE Fbeation changes 25 according
to a thermal treatnment tenperature. In other words, no nmeasures other than
measure A or nedSHFEEB; whi BASCRRCPr 58GEBTAN diféicdbe tRagBSHES- 3
silicon carbide atigfihgg the requirenents, such as an |jncrease in

di ameter, an THErBal tﬂ?oﬁﬁhg 9ehnd THrevientigiRwIe dodnt i nati on

rticl v n_ pr .
caused by pasErgngf? ggmgn gé tgegeaf 899 eg 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



5 Patent Docunent | JP-A-9-251991 (page 1 to page 7 and Fig. 1) Patent
Docunment 2 JP- A-10-195657 (page | to page 8 and Figs. | 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 dianmeter, is sareadlng an i sothermal heating
zone to increase the throughput at one tifme and m nim zi ng contam nation

caused by paL ifégﬁ ngga reggg&mﬁg ﬁ tkgn grﬁupggﬁsgg out%Ehtu%e whi ch

is made of 5| I con car hascan ortron €FoS8d and a

| ower port opy gpened. ; has; LhecLpver, paLLl ggefehnﬁﬂr%gggﬁﬁttagﬁred porti on

so as to expan i ane ér éo tomar a’| ower ereo and has a

ol oui ng. connePeARIOHLEE BERERRSHAL 18hOeanbabBy) BHRL1cREL) Ayl BBy |

foll owi ng conditl ons ber ng a ratlo o]

0.025, 2) a XDl |s fron1600 to 4, 000 (n) 3)
(DF2-DFI)XtC?%§§§§£§BESE fomO0.1t0 0.7, and - 5 4) L1/L2 is from1 to 10

where the outer tube,Rag.a tRickness of to (mm and an inner dianeter of
D1 (mm, the flange ﬁ 5 uﬁ‘ckness of t, (mm , an inner dianeter of DFl

(mMm and an outefp-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,

1s 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 therecf, 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; 1s from 0.0067 to 0.025,
2} a product of t,xD; is from 600 to 4,000 (mm?),

3) (Dpz-Dp1) Xt/ (DyXty) is from 0.1 to 0.7, and



5 dianeter of DF2 (mm), and the tapered portion has a height L1 (mm) and
an expanse of L2 (m). In the drawings: Fig. 1 is a vertical
*cross-sectional view of the outer tube according to an enbodi ment 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. 3is a
vertical cross-sectional view of a | ow pressure CVD systemw th the outer
tube used therein; and 15 Fig. 4 is a schematic view showi ng stresses
generated in a conventional outer tube. The inventors performed a stress
anal ysis on a ca$é Lwher dish fgsmvdntiordl: outer tubes (hereinbelow, referred
to as "known outer tubes" or "known outer tube") were 20 used in a_low
pressure CVD sysWBRFeREBEI PELEE thHbeshEssd thASKEESS &fe tshdWH) i ANGig. 4.
When the known outer tubes were used in the |ow pressure CVD system nain
stresses werR Fenerafeanaterhel| BratTohs We B RET has M gthicknges
inventors further performed the stress analysis 25 and found that there
was a sort ofPftfad f qlblldﬁﬁ%ﬁs@ﬁ%“e'%%tom AR adtife2RadUt&ken in
order to decrease the stresses generated at the |ocations A B and C the
- 6 stréss geABEREEdOAt PendiHer PEchtiien tRdehase BOISePn d2s ékcessi ve heat
flowed in an O-ring interposed between a known outer tube and the base for
supporting i BeighE LexHMp eand t24 LR f thvat{™He t hi ckness to of a

known .
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 2, B and C in Fig. 4.

The inventors 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



5 outer tube is reduced in order to decrease the stress generated at the

| ocation AL However, it is inpossible to increase the dianmeter of the
-known outer tube due to |ack of nechanical strength in this case.
Conversely, when the thickness to of an outer tube is increased in 10
terms of nmechanical strength, the Oring is seized since excess heat flows
in alower end of the outer tube, due to the high thermal conductivity of
silicon carbide, to such a degree that -tlbe -heat generated exceeds the
cooling capacity. 15 Fromthis viewpoint, the outer tube according to the
present inveRtkgAs(Benerateont paPéhesd logagdomeesl inere@seuber) is
configured so that the novel outer tube has a thickness |imted according
to the di anee&FepRéveoheaitn fdpyer Lo RBep-THEJarBESTPOBSedetivesmsfder from
a hot 20 portion to a cooled |ower end of the outer tube in a certain
range. Now, KReWRopaltegutapet gpe &&€oPdistg fos shHprreFsddigmint- ofofhe present
invention will be_explained, referring to the acconpanying draw ngs. Fig.
1is a vertP¥alPéLesstsdst soRRPSehewhsfr the sbieknegsertateber 281@&¢or di ng
to the enbodinment, and Fig. 2 is _an enlarged vertical cross-sectional view
of a flange BHEtEKetHEPel S sgfEreflups. order tRe IREVERSSULEL BEFESE2 has an
upper portion closed_ and a | ower portion opened. The outer tube has a
lower end fgPRBIXMPEN2E t8Fer@F3borti 8n 7BEWCRRAH: t he LBWLFPEAELPAEs an

outer peripheral side forped with a flan 72cC.
P P to increase the diameter o% %%e nown 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 cuter tube according to the
present invention (hereinbelow, referred to as “novel
outer tube”}) ig 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
certaln 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.



S When the outer tube has a thickness of t,, (mm) and an inner dianeter of
D, (mm , when the flange 72c has a thickness of t, (nm , an inner
“dianmeter of DF1 (mm) and an outer dianmeter of DF2 (mm) , and when the
tapered portion 72d has a height L, (mm) and an expanse of L2 (mm) , a 10
ratio of ta/DlL is fromO0.0067 to 0.025, and a product of taxXDl is from 600
to 4,000 (mm 2) The product taxDl is relevant to the anmount of thernal
transfer since taXDl is proportional te fhe cross-sectional area that is
obtained by slicing the_ outer tube. 15 Wen the ratio of ta/Dl is |ower
than 0.0067, thef8e Nevglpesseni LU tRabag BrobPeRn Pocdised alwaast ms of
mechani cal strength. Wien the ratio of ta/Dl is higher than 0.025, there

i s a possi bi fREyat haverhBoxfbaRt OBENefher et e¢Eesfeibdclared bx¥essi ve and
the flange is 20 _subjected to a great stress (a_stress %enerated at the

| ocation A i fRfj §ormed vithsapkaPergsl Borhaent Rédr abng tee Lawpr £8% rom
0.01 to 0.02, Likew se, when the product of taXDl is |ower than 600 (mR),
there i s a pB&8i Bl PEyeEnRErAPPrEBLemfe Eansed Wath2s fdargeof 2fechani cal

strength. Wen the Eroduct of taXDl is htgher t han 4, 000 (nn%% , there is a
possi bi 1 ity YRASE thReCHABENFUBE fREr AuFRiF5RCFEr ObetonBibxkeds?He. The - 8

Dr ot o DL | SRkl St ARy ol N Ol A 2000 (MR UL e
flange 72c. The . [L3008:72C BELVeSLOLesl T I BN PPA] ONSn{28na73R and
outer diameter of Dr; (mm), and when the tapered portion
72d has a height L; (mm} and an expanse of L; {(mm), a

10 ratio of t,/D; is from 0.0067 to 0.025, and a product of
taXD; is from 600 to 4,000 (mm®). The product tyXD; is
relevant to the amount of thermal transfer since tsXD; 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 t5/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 & in Fig. 4). It is preferable that the ratio
of ta/D; 1s from 0.01 te 0.02.

Likewise, when the product of t,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 excessive. The



5 72d of the outer tubes except for the flange from expandi ng since the
flange is at a tenperature near to roomtenperature even in use while the
-portions of the outer tubes except for the flange are subjected to a high
tenperature in use. As a result, bending stresses are 10 generated at the
| ocations B and Cin Fig. 4. The bending stresses are not allowed to be
excessively great since the bending stresses are greater in proportion to
the ratio of tc/ta (nm as the ratio of -tBe-thickness t, of the flange to
the thickness to of the outer tube. 15 Since the flange 72c is normally
cool ed frompheduotit ef pgxbphier grefiegebiyeredt hitghenmaihast redEEs Gme)
gener ated because of a tenperature difference between_ the inner and outer
peri pheral shdee phefeviblytnps buphesethanhat 40he (mhdy mal stresses becone
greater as a ratio of 20 (DF2-DFl) /D1 becones greater wherein the inner
di aneter of theTheangwel2ouitsrDEkbet A8 basethei ddange glct-heTheange is
DF2, the difference between the inner and outer dianeters of the flange is
(DFZ-DF1), ahdantie VAAeservpantperedtrahe vaterpprangesi 3281. 7€bnshderi ng
t he 25 conpari son between sinulation and actual products, there is a
possi bi | ity Thatofhhehe(puteDFRubES) ¥xreptafpr fhasfipegepfoduict of tc/ta
and (DFZ-DF1) /Dl _exceeds 0.7, the novel - 9 outer tube is broken by the
thermal stresX¥eand¥pg gange the fhangeoddceti 8 peEPerabhlyenseahi §Rer t han
0.6, nore preferably not higher than 0. 5. on the other hand, when the
val ue of therPPBdLETPREAFBREr SVRANLD. ¥Set WBLéej §hg portions of the

cuter 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./t, (mm) as the ratio of the thickness t.
of the flange to the thickness t, of the outer tube.

15 Since the flange 72¢ 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 {Dpz—Dr1) /D1 becomes greater wherein the inner diameter of
the flange 72c¢ is Dy, the outer diameter of the flange
is Dz, the difference between the inner and outer
diameters of the flange is (Dg;-Dri), 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.{Dg:-Dpi))/(ta'D; ) as the

product of t./t; and {Dp;—Dr)/Dh exceeds 0.7, the novel



5 possibility that nmechanical strength is insufficient when the inner
dianeter is increased. The value of the product is preferably not |ower
‘than 0.2, nore preferably not lower than 0.25. By making the flange 72c
smaller, it is possible to 10 decrease the thermal stresses, i.e., to
decrease tc or (DF2-DFl) However, in this case, there is a possibility
that the Oring is seized due to lack of the thermal transfer area for
cooling and that a problemis caused in~ Perns of sealing ability due to

i fficient_ wdth_of th 5 | ed ti . F th i ints, it
1 crent ML het1e 12268l B4 POCLLeRpRLOm Licse Vi SRR Dlpc 1 12
but al t, - -DF1) Jis, fr 150 t 2 . Th duct tc,
DU 150 ok FRe Cotba 1A RRekably, 20 B4R ST rpduct e

f bl t th 250 20 t th h t duct t,"
preberably gl Lover, (a0 220,20, (M) o €0 Lhe hberfapdbe preduct «
pref erably nohohLghE LbenB00cme |, TogeborRhoot L HBETES
is 25 i N .SO. . € d.th
5,25 br o dedglud e Lover. Rg ol e, oul pLotiRes Sos ke cepennthe
ther mal condyg 'QHnéﬁnd%aﬁgteﬁxiSggHEQeQSQH9e %@%ed§g3§ré%Lﬁﬁé9rad'e”t- The

gradient of the tapered portion IS Freprese s arafio of L1/L2

wherein the beigh toisgﬁ?eEQPQE?Q gBEtEBQeESthan(HVL, ABdet PRBEPERTL,ON

that the flange 72c and the tapere
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
{Drz—Dr1) . 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 1s preferable
that not only the relationships stated earlier are
satisfied but also tc*(Dp-Dm) is from 150 to 1,200 (mm?).
The product t.*(Dr;-Dr:) 1s more preferably not lower than
200 (mm?), in particular preferably not lower than 250

20 (mm?) . On the other hand, the product t.' {Dp;—Dy) 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 72d 1is
25 provided at the lower end of the outer tube so as to
expand the inner diameter of the outer tube so that the

effective length reguired for thermal conduction can



5 portion 72d intersect is L2 (m) The gradient of the tapered portion 72d
of the novel outer tube 72 may be 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
avoi ded. This arrangement is preferable i particular when the novel outer
tube is 15 used for high tenperature application. It is nore preferable

t hat bot h edepesenfl theredpeeethporempardldrar gradoanded The hgvadaehus of 4
mn (R4) or above. In order to prevent strength from being reduced by a
scrat ch causefl thar tageredupactuenng?di i si sepretenablieashat ranibnnér 20
surface of the tapered portion 72d has a surface roughness Ra of not

great er thanLi7 Ipnwhereiis mvee hepobftecdbltdict Hapertesl ipondii cgurifsade dfumd he
tapered portion 72d has a surface roughness Ra of not greater than 3 m

It is furtheangreheratbanshan boah tdgeSlohgehd2capededh2stpoeriedn 72d are
rounded with a radius of 2 nm (R2) or above, and that the inner surface of
t he taperfed po¥tion 77ddinhsracstr tack: r oUgphneSheRgraidipmt gfedthe than 7
m - 11 As long as the novel outer tube 72 is made of silicon carbide for
t he purpose edPeFedtRehtion 73énpEohBacrersl pRepE Fybmo7Ri MaYabEon to the

material of _the novel outer tube. |t is preferable that the materi al
from 1 to 10. The gradient of the tapered portion 72d of

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

10 When the tapered portion 72d of the novel ocuter 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 um. 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.



5 has such a high purity that the concentration of inpurities typically
represented by Fe is not higher than 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 film
of silicon carbide by CVD. There is no |imtation to how the novel outer
tube 72 is fabricated. The novel outer tube may be fabricated by, e.g., a
nmet hod wherein an integrally nolded article -is baked. The novel outer tube
may be fabricated by 15 i ndependently nol ding and baki ng the peri pheral
wal | 72a, the uppeilongl ks72bheandvilie ofiltemgeub2e 7Cheseafade @fl owed by
bondi ng these parts with, e.g., an adhesive made of silicon carbide. The
novel outer subecd@@ tsrpidéefabl yhespdrasstehef EOeattnentt vlfie of a thermal
treatnment systemfor sem conductors, such as a |ow pressure CVD system
and a high semperatuceotrher hhkrer eat ment isysaenprsicncehehaateovell odt er
tube is superior in durability and productivity. Fig. 3 shows a case
wherei n the hbgehogslogubert thbe72 It Usapré¢berabby phassuhe GvDesyaiem
The |ow pressure CVD system 60 includes a reactor wall 63 conprising a
met al casi ngh&s &andhaat heghaburasyl fhabnthelgonpanérpsioe20£fThe react or
wal | 63 has an inner peripheral side provided with a heater 64. The
reactor wal | iBBukasies rprérasilderebssednbypdabhafe 65. nPhehpgbercshhas a
central portion forned with an opening for introduction _
50 mass ppm. In order to 1lncrease the durabkillity against
repeated washing by acid, such as HF, it 1s 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 is 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, sgince 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

conmprising a metal casing 61 and a thermal insulation



5 and wi thdrawal of sem conductor wafers W and the opening is provided
with a lid 66, which can selectively open and close the opening by being
'vertically noved by an unshowmn 1ift. The Iid 66 has a wafer boat 50 for

| oadi ng the wafers Wput thereon. The wafer boat 50 conprises end 10

pl ates 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
t hereon, the dual tube conprising an ifine2 tube 71 and the novel outer
tube 72 surrounding the outer periphery side of the inner tube 15 71 with
a gap. The nm@éﬁréageﬁBtuUthzr%®m%@¥s@@lh perhphecpal inaer FenribPhegal
cylindrical shape, an upper wall 72b closing an upper side_of the

peri pheral wakfe7piovadgd withaagbBer2erpbdvi dBde orcamechuvatlpesi hasr al
side of the |ower edge of the peripheral wall 72a. The base 65 has 20 an
annul ar recedsiPyekedlde §lp6rei 6 Bnbésht &et wWHER BaS®obbohifSuitface of the
flange 72c. The recess has an O ring 68 or a gasket nmade of, e.g.,

heat - r esi st aRENEGBBePOTRéGEe d OrRefewh tho 2Re PREDILES FPTs dRILTORE A3 oM
surface of the flange 72¢c. 25 The base 65 has an unshown water jacket
formed ther@Pf WatpPEswal efeSOMAirRgdes tProMPEEr g ne dYddRgy SRS IR h
respect to the application of the ngvel outer tube - 13 72 to a ther

treat ment sy&feRFPYLIEENWeSRdACctofls P Cwh¥R I PhEaPh EFHEF HVEAY MEREDS mis

a | ow pressure CVD system .and._the like, the inpner tub 1 i s needed. Wen
t he thernalCipéﬁtﬁgﬁt°??§98ﬁlp¥ E&ﬁaﬁhwﬁﬁtPFﬁ % ngﬁ% y 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 ocuter 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 feormed
therein to prevent the O-ring €8 from being heat-damaged.

With respect to the application of the novel outer tube



5 t.enperature thermal treatnent system the inner tube is not needed in
sone cases. In order to reduce a stress generated at the location Bin a
-thermal treatnment system for sem conductors 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 (nm between the |owest end of the
heater 64 and the bottom surface of the outer tube. For exanple, the
rel ationship of H4<L1<3-H 4 is preferably.-The rel ationship of H 3<L1<2-
15 H3 is nore preferable. EXAMPLE Exanples of the present invention
(Exanple 1 and tBxamherplandeeonmpatatieeeexdnpl esmiBEoadplce o sandhelExanpl e
4) will be shown. 20 EXAMPLE 1 An outer tube 72 made of silicon carbide was
fabri cat ed sehastherfulf tirkathentosdisteonssof flbe pressured aVEet eystBir307
(mm , the thickness: t,,=2. 5 (mm , the height: 1,200 (nm, the
t hi ckness of ahHethkafndie,t th& 2hneanmkupet ié ast erediednet Whenf thhe fl ange:
DF2=360 (nm , the inner dianmeter of the flange: DF1=323 (mm) , the height
of the taperedrpait teratin®tndssisprmand theetkpangsilakeot hhigh- 14 tapered
portion: L2=8 (mm) , that is to say, 1) t,,/D, =0.0081, 2) tzXD =768 (nmm 2)
, 3) (DF2 DEgpKechtDrXt a)=@maq, taedthént| i23t4m3. the tihnercdasdbe tise
equation of t,X(DF2-Drl)=296 (MW) Was est abl i shed.
not needed in some cases.
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'H/4 is preferably. The relationship of H/3<L;<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 showr.
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: t,=2.5 (mm), the
height: 1,200 (mm), the thickness of the flange: t. =8
25 fmm), the outer diameter of the flange: Dg;=360 (mm), the
inner diameter of the flange: Dy=323 (mm), the height of

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



5 Additionally, an inner tube 71, which was nmade of the sane material as
the outer tube, was fabricated so as to have an inner diameter of 260 mm
‘and an outer dianmeter of 268 (mm). The inner 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 fil mon each of

sem conduct or wafers Wat 550'C was repeated 40 tines. |In spite of that
the height H of the heater was |owered -t5480 nm which was | ower than half
of the height of 200 15 mmin Patent Docunent 1, a defect, such as a crack,
was not obs&RPEASCnPRATLLEI &2=8n(TRe. obibeF L8bEC722Y, EXAMPLE 2 An out er
tube 72 was prepared so as to be fabricated in the same conditions as
Exanpl e 1 ex&epPrithdt0&he 20 Rdfilukréss (58{| sf3bd(Phe equation of t,,=4.5
(mm) in place of the equation of t,,=2.5 (m) , that both ends of the

t aper ed port Pen ¥2d, (D1%éa) =P hé3 i ntedséet Porbdét-WeenIfthEhipnfgFesuffce of
the peripheral wall 72a and the inner surface of the tapered portion 72d
and the int ePSBELioR 25 BeXWlear Rrhk=5%% t BA urasc esfia e e%nge 72¢ and
the inner surface of the tapered portion_72d were rounded wth a radius
of 5 mm (R5) AERE1EREL Lhe PN ABRCTY SR e “df Whish viee I35 &F &% i on 72d
had a surface roughness Ra of %]].95 'Pm_ I n_other V\%ra%s t he outer tube 72
made of sili E8ASCHASEE A ad St 4BF CHES $6P%s 65 dARTHCAHTE E6h@% i%hs of

have an inner diameter of 260 mm and an outer diameter of
268 {mm). The inner and outer tubes were combined
together as a dual tube 73.

10 2 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 eguation of ty=4.5 {(mm) in place
of the equation of t,=2.5 (mm}, that both ends of the
tapered portion 724, i.e., the intersection between the
inner surface of the peripheral wall 72a and the inner
surface of the tapered portion 72d and the intersection

25 between the bottom surface of the flange 72c and the
inner surface of the tapered portion 72d were rounded

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



1) tE /D =0.015, 2) taxDi =1,382 (nm2) , 3) (DF2 5 DFl)Xtc/ (D, Xta)=0.21
and 4) LI/L2=4.3. In this case, the -equation of t,X(DF2-Dp,,)=296 (mm)
'was established. When the outer tube thus fabricated was used at a
tenperature beyond 700'C, the flange was significantly deforned in
conparison wth the outer tube in Exanple 1, 10 and the generated thernal
stresses were increased. However, it was possible to avoid stress
concentration by rounding both edges andlTontrolling the surface
roughness. using a _dual tube 73 with the outer tube 72 conbined wth
t he i nner tubéeﬂaﬁ§§édl ROEXARPI é28 hadpposusdarsr renadasssi Reng@fa2eVD fil m
of silicon nitride at 780" C was repeated 40 tines. The O-ring, 68 was not
sei zed, and ¥Re but@thempEcydswashaotutehctiWPed’ 2 adPLef 3sAhistker tube
72 nade of silicon carbide was 20 prepared so as to fulfill the condltlons
of the .nnercaabaﬁet wps Prbz2gatRf) so eﬁetpmfelkkﬁééé the-gondifpns ©Of

hei ght: 1,300 (nm, the thickness of the flange =12 (mm) , the outer

di aneter of ihet$4%méb01§F24W1¢-(ﬁhfl 38Re! mmnher3blﬁ%erer of the flange:
DF1=328 (nn) t he hei ght of 25 the taEered portion: L1=2 and t he
expansi orf of D JHé”%féﬁe¥Ed p%r%@onanﬂz D %hﬁ? 4t Hat 73 F%l§a9as@) the

tc,/ Dl =0.011, , XE g% % (DF2-DFl) Xt,/ (D xt,,) =0. 87,
and 4) - 16 eE&P QDT tsﬁ EFZc e =1t E‘Eﬂhdt "GP &Fﬁa&%l(%ﬁzi DF1) =984
(mmR) was establshed. .Addition r tube 71, whic was made of
the sane nateriahgﬁg the SUEEF t s M FaB iRed Vs W o

temperature beyond 700°C, the flange was significantly
deformed in comparison with the outer tube in Example 1,
1¢ and the generated thermal stresses were increased.
However, it was possible to avoid stress concentration by
rounding both edges and controlling the surface roughness.
By 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 0O-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: t,=3.5 (mm), the
height: 1,300 {(mm), the thickness of the flange: t. =12
(mm) , the outer diameter of the flange: D=410 (mm), the
inner diameter of the flange: Dr;=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) ti/D;=0.011,

2) taXDi=1,134 (mm?), 3) (Ds2-Dsy)Xte/ (D;Xta)=0.87, and 4)



was prepared so as to have an inner dianeter of 260 (mm) 5 and an outer

di aneter of 268 (nm. The outer tube and the inner tube were conbi ned
-together as a dual tube 73. A deposition process wherein the dual tube 73
was used to deposit a DPoly CVD filmon each of sem conductor wafers Win
a |l ow pressure CVD systemwth 10 a heater having a height H of 80 mm was
conducted at 550C. The outer tube was cracked on the first test. EXAMPLE 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 thickness: to=2 . 5
(M), the heilght:=1, 100 (tirds, dalse,t hihek regis tdfort ke fd.XM@e; - F2084MM), the
outer dianeter of the flange: DF2=470 (mm), the inner dianmeter of the
flange: DF1=380°| nwhs ehetahéighedof RddﬁtiannﬂkximetlmmerLﬂEﬁe(ﬁh) and the
expansion of the 20 tapered portion: L2=2 (mr), that is to say, 1)

t o/ D1=0. 0065whdcht a¥bi @6 EMithe s3)ue @F:Zemﬁh)l xtsc/theDbut®r £hihe66, and 4)
L1/L2=1. In this case, the equation of tcx (DF2-DFl) =1, 600 (mm2) is

est abl i shed. wAsdepeviariesh sor ecess Waeeiam timeegutddramatize 72X 260 2Gmised to
deposit an oxide filmon each of sem conductor wafers Win a high
tenperat uf e BRer mal outeat Miameteacdr 26§ timra -heZher ohseirngubehanght H of
150 mmis conducted at - 17 150"C. The outer tube is cracked from an outer
peri pheral p&hE GRNGE tthidef Werge CPRR 1o hodethstr resta dugert ukiee Tovel

outer tube is used in a thernal .
A deposition process wherein the dual tube 73 was

ugsed 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 D3j=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: Dg;=470 (mm), the inner
diameter of the flange: D=390 (mm), the height of the
tapered portion: L;=2 (mm) and the expansion of the

20 tapered portion: L;=2 (mm), that is to say, 1)
ta/D1=0.0065, 2) t,XD;=965 (mm?), 3) (Dpz-

Dp1} Xt/ (D1 Xt)=1.66, and 4) Li/Ly;=1. In this case, the
equation of toX(Dp-Dg;)=1,600 (mm?) is established.
A deposition process wherein the outer tube 72 is

25 used to depeosit 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



treatment systemfor sem conductors, the distance between 5 the |ower edge
of the heater and the base can be shortened since the novel outer tube is
‘formed so as to satisfy the particular conditions. By this arrangenent,
the i sothermal heating zone can be enlarged to the increase the throughput
of wafers at one tine in a 10 thermal treatnent systemfor sem conductors
using the novel outer tube. In accordance with the present invention, the
outer tube can cope with an increase inm Hiameter w thout providing the
base with a special projection for supporting the flange of the outer
tube. 15 AddipPdhal IThe hdaguttaroe ulfe draskad fhmantaayewietbei ng  superi or
in durability. Accordingly, ,the novel outer tube is free from problens,
such as gas PeakBHEr@lePPETtARN Phshffi EileRFesdari RE SPEsSdreti feBhe case of
contacting and supporting the projection, and insufficient cqoling 20 of
the flange of th¥1&0t éiet pyelagHitErorasy 15 feetovdl @ dieemalube has an
advant age of avoiding contaniEation .caused by particles since_the outer

c

tube is madetbFATEEPECERSESFHERE. SFRECORENFECHS s cFBEUFE SERANTSpRRE¥EPat ent

l'ication 5 . 2003-051329 filed _on Fehruary. 27, 2003.includin
Qﬁgc:ficgiioﬁgeCEEWﬁf,eé?ﬁmf%g§h§hhe§5ﬁﬁa?9 i§ﬁe¥H€8Fp8?8t38 hereingby

reference in %ts enti.ret %% An, outer _tube, which is nade of

. -.18 ALMS: 1. .
si licon carbf88 *&RE ﬁﬁﬁsﬁ ﬁé? a ﬁbpgﬁt65rFP8ﬁ ¢Pod8ITEHAS] PSWEP porti on

satisfy the particular conditions. By this 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. Aaccordingly, the novel outer
tube is free from problems, such as gas leakage due to an
ingufficient sealing pressure in the case of contacting
and supporting the projection, and insufficient cocoling
20 of the flange of the outer tube. Additionally, the novel
cuter tube has an advantage of aveoiding 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.



opened, has the | ower portion formed with a tapered 5 portion so as to
expand a di aneter thereof toward a |lower end thereof, and has a flange
"formed on an outer peripheral side of the |ower portion; the foll ow ng
conditions being net: 1) aratio of t,,/D is fromO0.0067 to 0.025, 10 2) a
product of taxD, is from600 to 4,000 (=2) 3) (DF2-Dpl)xtc/ (DI xti,) is
from0.1to 0.7, and 4) Lj/L2 is froml to 10; where the outer tube has a
t hi ckness of t (nn) and an inner di anet®r-of DI (mm), the flange has a

t hi ckness , an inner dianmeter of DF, (nm and an outer
di anet er of , and the tapered portion has a helght L, nn) and an

f L t t, d t Ca

e gortiot%so%ﬁgr a8 PSSt B e L e 2
rounded with -y gmhus of %F €,9 ut er tuEe accordlng
to daim1 of*2°WHEPefH upﬁgrtﬁﬁ téanpSfPFSﬁ ﬁ&g ﬁn OWﬁErpgﬁ 88 having a

f h t t h A th |t t t
Syst om usi ngoRR g R PubES RRPENCPE CAghe o7 "ET A5 SafBPRE Cand whi Zﬁ”
h t I d and_a .l t d t he,l -
port ron Tor nBaER-PR ot aRersa Rbrltof Blgtel EySRRa T rolr R et PR cor

tovard a | owefqe0floL0gke0lng2hdsngs £ anlkARgEnLE" RO inoRRagut o1 per pher al

side of the
peripheral side of the lower portion; the following

conditions being met:
1) a ratio of t,/Py is from 0.0067 to 0.025,
10 2) a product of tuxD; is from 600 to 4,000 (mm?},
3) (Dp2-Dp1) Xt/ {Di1Xty} is from 0.1 to 0.7, and
4} Ly/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 I (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 has an upper

portion closed and a lower portion opened, has the lower



portion; the following conditions being net: 5 1) a ratio of to/Dl1 is from
0.0067 to 0.025, 2) a product of taxXDl is from600 to 4,000 (m2), 3) (DF2
- DFl)Xtc./(D Xta) is from0.1 to 0.7, and 4) L1/L2 is from1l to 10; where
the outer tube has a thickness of to (mm) and 10 an inner diameter of D1
(mm, the flange has a thickness of tC (m) , an inner dianmeter of DF1
(mm and an outer dianeter of DF2 (mm), and the tapered portion has a

hei ght L1 (nm) and an expanse of L2 (m)12 5. The thernal treatment system
according to Claim4 15 wherein the tapered portion has upper and | ower
edges of arPPRREPI pEPTBAG Wl Chi AetRBARARIPRF FROR FRdRTs T6f SEPRRF ER2) or
above. 6. The thermal freatnpent systenkaccordigg #o Claimi4 0£ 5, wherein
the tapered PHATEBAT haBeBRCE nhevWaper fpheVaF ©58 §PEESRAvi AF9aladr face
roughness Ra_of not _greater than 7 pm 7._Tﬂe thermgl treafnment system
accor di ng toft?%9ﬁ1ﬂ?r@edo?n6?nmﬁ%Fanp?ﬁép BFght SEFeoPtt RES B@Péd portion
satisfies the relationshig g£ H 4<L1<3H 4, where,a 25 di stance between a

| onest end oPOREheRi eFPENHC BH%?%HFOEGFFéBESO%e?Hg B&tér tube is H (nm).

5 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) (Dps - Dg) Xt/ (D1Xts) is from 0.1 to 0.7, and
4) Li/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 Dp; (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).



