1 THERMAL PROCESSI NG APPARATUS Techni cal Field The
present invention relates to a fixing nethod of a
heater for a s thermal processing apparatus and the

t hermal processing apparatus itself, which conducts a
heat treatment to an object tolbe processed such as a
sem conduct or wafer. Background Art 1o A thernal
processi ng appar aHERMAL BROCHESSING ABRARATY S ar i ous
heat treatnments including afilmform ng process and an
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formed in the heat insulating body. A heater element is inserted into
each hole of the insulating body. The plurality of holes are arranged in
such a manner that each heater element is located at a predetermined
distance from the reaction vessel.

As described above, in the conventional thermal processing
apparatus, the heater elements are directly inserted into the holes of the
heat insulating body. Thus, the heater elements and inside walls of the
holes of the heat insulating body rub with each other, so that
contaminant such as metal powder (metal contamination) may be
generated. If a heat treatment is conducted under a condition wherein
the contaminant has been generated, the contaminant may be
deposited on the semiconductor wafer. In that case, the performance
of manufactured semiconductor devices may be deteriorated, and hence
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contam nant is netal contam nation, the perfornmance of
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25  reaction vessel; a plurality of holes provided in the heat insulating body;
a plurality of annular spacer members, each of which is provided in each
of the plurality of holes; and a plurality of heater elements, each of
which is inserted in each of the plurality of annular spacer members.
According to the present invention, the plurality of heater
30 elements is fixed by the plurality of annular spacer members. Thus, the
heater elements dont rub with inside walls of the holes of the heat
insulating body, so that no contaminant may be generated. In addition,
the heater elements may not be broken down.
Preferably, the spacer member has elasticity. For example, the
35 spacer member is an O-ring.

For example, the heater element has a linear tubular portion. In




3 the case, it is preferable that the |inear tubul ar
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25 that metal contamination be generated. In addition, there is much less
possibility that the heater elements be broken down.
In addition, preferably, the heater element is connected to a cable, and
the cable is fixed to an apparatus ouiside wall in a vicinity of an end
portion of the heater element by means of a fixing member. In the
30 case, even if the cable bears a load, the heater element rarely or never
is broken down. In addition, in the case, the cables are in good order,
and hence not likely to ensnarl.
For example, the fixing member is a tie wrap.
Alternatively, the present invention is an assembling method of a
35 thermal processing apparatus including: a reaction vessel in which an
object to be processed is contained; a heat insulating body provided so




Al ternatively, the present invention is an assenbling
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Fig. 3 is a perspective view showing a situation wherein heater

elements are inserted into holes of the heat insulating body of the
30 embodiment according to the present invention;

Fig. 4 is an eniarged sectional view of a hole into which a heater
element is inserted, the hole being one of the holes of the heat
insulating body of the embodiment according to the present invention;

Fig. 5 is a side view of a heater element of the embodiment

35 according to the present invention;
Fig. 6 is a side view showing a connecting situation of a heater




Fig. 6 is a side view showi ng a connecting situation

of a heater 5 elenent and a cable of the enbodi nent
according to the present invention; and Fig. 7(a) is a
perspective view of a first subheat er of the

enbodi ment according to the pré&sent invention; and s
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25 A lid 7 is arranged under the manifoid 5. The lid 7 is adapted to
be moved up and down by means of a boat elevator 8. When the lid 7
is moved up by the boat elevator 8, a lower end of the manifold 5 is
closed.

A rotational shaft 9 is provided at the lid 7 to penetrate the lid 7.

30 The rotational shaft 9 is rotated by a motor M. A rotatable tum table 10
is formed on the rotational shaft 9. A wafer boat 12 made of for
example quartz is piaced on the turn table 10 via a moisture retention
unit 11. A plurality of semiconductor wafers W as objects to be
processed is arranged in the wafer boat 12 in a vertical direction at

35 predetermined intervais. Thus, when the rotational shaft 9 is rotated by
the motor M, the wafer boat 12 is rotated via the turn table 10 and the




ss predeterm ned intervals. Thus, when the rotational

shaft 9 is rotated by the notor M the wafer boat 12

is rotated via the turn table 10 and the 6 nbpisture
retention unit 11. That is, the sem conductor wafers W
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As shown in Fig. 2, the heat insulating body 15 consists of a cylindrical
main body 15a, a ceiling plate 15b and a bottom plate 15¢c. A diameter
of the main body 15a is larger than that of the reaction tube 2. The
ceiling plate 15b is a discoid plate covering an upper portion of the main
body 15a. The bottom plate 15c¢ is an annular plate, whose inner
circumference has a size corresponding to an outside wall of the reaction
tube 2. A cooling-medium way not shown (for example, a
cooling-water way) is provided in the main body 15a of the heat




7 insulating body 15. Thus, if cooling water is

supplied into the cooling-water way, the tenperature

of the reaction tube 2 can be cooled. A plurality of

holes 16a is forned in the celllng plate 15b of the s

heat insulating body 15. The pi/urality of holes 16a is
formed al ong the periphery of the ceiling plate 15b at
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In addition, since the heater element 18 and the inside wall of the hole
16a don't rub with each other, a possibility that the heater element 18 is
broken down is reduced or removed. Although the hole 16a is
explained, the hole 17a is the same as the hole 16a.
35 The inside wall of the heat insulating body 15 is coated with
ceramics. Since the inside wall of the heat insulating body 15 is coated




s insulating body 15, the heater elenent 18 is harder

to be broken down. As the ceram cs, for exanple,

alumna, silica or yttria may be used. The ceranics is
formed as porous. When the ceram c is porous, thernal

shock resistance may be inmprovéd. Fig. 5 shows a

schematic view of the heater elenent 18. As to shown

i n vithy.cefamits; thenheatert element & oeper osnes in contact with a

" eE S GBS AT e SR AT By Es. Thus,
g);;mptai eontami?atibhei_si bbt.esgﬁnefatafd.a I giddjtion,t since the heater
Cbiclihend % GBEERE ABE ip ol A EY e bR Bufacs ofthe heat
5 abdnsulating) bodyd i prehe heaﬁlﬁ;leeleaaérhmgs lig naederl 8h besbroken down.
. St
podss e, CETCR o fos ke B Ao i ALY EA R Y.lRG wsed. The
[ stceeadmds_ b i farmed][am@lown_ ltIs.quwiTelr} ﬁgtbgd;améfgi mrggs, thermal
?rgﬁi{ggg rglﬁ%g'icee{:meééwi?é@%gposi te endé of the '
reS| st andég.h&ashogs kmctxchéﬁmtlcﬂvmweiﬂ theg heabtdreelelfbnt 18. As
I ant"ﬁg;dg I,Seglge el h&gﬁeéﬁ 1'§egom95|§8§f§greasst%rﬁ%e heating
reé:miyamea drehbi sealingonehdlber $8bealhd resistdreeskadtimy body 18a
TeTE h L 185 B5HARE 4TBEP el i 628 B Bl caroon.
I
teh:‘ﬂ‘tlper carbmmwtresisrfpr%ledg%y tiwwnhe g (b :tatding@ia pigraﬂthr:]@f stiands of
H Caroh Hoeih Aot s 'l IR iaRier. TS SRaMMA ifer 180 is

15comadeesf terarhmshaanﬂeseaib ethientesistahee dwatient bddyal8a. In the
able 21. The ele

d o 2
cnTeheht shiBodimdriy 1hE KeFodh ke ds Bl h 3, FRBRRR™ quartz
fortub)eahatmdoramzoum@e cthﬁmaet dfoteh-sgmel millimeterst r iElectrode
power rom

| i ed | ect t
P dTenBeR ol Arieciiriabed do°e8Saste (Pt i kfdistace heating
andchdde 1@actTheI&sermmfgemer%ersp8Ib hedald e leerk ©f one electrode
el enent, 18 bs heat ed. he, cabl e, 21

ddit
20 oy mERagl” 20t 7 ERd i S ke Bedbe Bikib&? 20, so that the
outresibtaned heatingbooiyt S&aifs- sah!éd Gathe seafihg shemiberi 18b.

t he vi ci f .an, end o heater el enent 18, . |

nmeans of %%e%q "?‘%'ﬁ‘b 9 aig copnested ﬁ%ng}aércables 21.

Zﬁ Tlﬁ@g:labb%qm %re%dnr@gte@momemme%wérnsdm qmteshown A

the_ca i e ti a

o st atofe of E Hortbr it Al sheshe bl 51 shown in
zsdetSIEigl Bed p@bsmm?snrfqgt 6h Qheaé!éctré’de Iraefnb@ﬂzm @ohhecged to the

out Si e ou cover | i cini

o BeAter Flemerh d - AineshinE eoapimake dhtherabie 21, The

fi %IEGtrﬁEébﬁén%r mgndlﬂget doreosive Ql%lai;]é t@hﬁécted to each other

an CcO onen ana s ea oa e

ooty or PRI tragngoar dbripdiRnding. o BesK SAeiRpower is

I'n Qﬂﬂ%ltedogronﬁlthéeeiélfﬂlﬁ'ltcﬁgbﬁér?bulr@le o e fasidthAce heating body

VI C [ an e er el ene

30 il 84 Via e ZBRAGRE @G the SI2sHadRIREB RIS 20480 hatcthe heater

ens@efent 18 is heated.

In addition, the cable 21 connected to the heater element 18 is
fixed to an outside wall or an outside-wall cover (not shown) in the
vicinity of an end of the heater element 18, by means of a fixing

35 member 22. As the fixing member 22, for example, a tie wrap may be
used. In the case, the cable 21 is damped by the tie wrap to be fixed to




In addition, as a nethod of supplying electric power
froman 1o electric power source to the heater

el enents 18, all the heater elenents 18 nmay be

connected in a parallel circuit or a series circuit

and el ectric power may. be supﬁlled froma common

el ectric power source thereto. Alternatively, the
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30 first subheater 23 is supported by the ceiling portion of the heat
insulating body 15 via one or more supports 26.

Second subheaters 27 are provided at a lower-end part (bottom
plate 15c¢) of the heat insulating body 15. The second subheater 27 is
formed by a heater element shorter than the heater element 18. The

35 second subheaters 27 are inserted into the holes 17b_ provided inner
than the holes 17a. An O-ring 19 is arranged in each hole 17b. The




i 0 processor, a process controller and so on. The
controlling part neasures a tenperature, a pressure

and so on at each conponent of the thernmal

processing.. apparatus 1. Then, based on the neasured

data, the controlling part out%hts a control signal or

the like to each conponent, in order to control the
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According to the present enbodi nent, since the inside
wall of zo the heat insulating body 15 is coated with
ceram cs, the heater elenments 18 never cone in contact
with any netal surface of the heat insulating. body
15. Thus, netal contanination 4% not generated. In
addltlon - since the heater elenents 18 don't cone
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30 neP PRI Shedos heridnaf the rerciion tUBR S dFshieely. Thus,
the temperature in the reaction tube 2 can be made uniform.

Herein, the present invention is not limited to the above
embodiment. The present invention can be variously changed, modified
and/or applied. Applicable other embodiments of the present invention

35 are explained below.

In the above embodiment, the O-rings are arranged on the




In the above enbodi nent, the resistance heating. body

18a of zs the heater elenent 18 is fornmed by the

carbon wire. However, the resistance heating body 18a

may be another linear flexible resistance heating body

made of another high purity net%erial, instead of the

carbon wire. In the above enbodi nent, the thernal

pr insids iwallsapbthehotes $6amnxhtiod hojee 17ad Homgvienrd tiea lO-rings
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59 bR il Bh el She el s bl o poes 162
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5 nohehten eleme;ﬁSSIQTdonmdnoVeenr\]\dtm $hé\hetes.may be, for
Ss exanp S f g
di spl ays. ﬁei‘%%@i’ #@ﬁ@l@lﬁ ﬁ@ﬁ c?é'"{% f%%’%é‘l\fﬁéa@ed on the inside
pr ealissofnidheahplesal 6s andnihre koleg: 172a ire loe iaboveemmbbdiment, the
whi. j egt..to e IS t abned. e .
e A S8 BesD 88308 i AL Ay bR Bhated with
r egetarpitsvinsted ofaaphngalg the Ofrihgs es fvecnsidedwalis ofiehe holes
he ng . b L ur I|t of ..annul ar, spacer _
rortee 4nd it SR T Bhe e et iR Ghpe? B ents 18 and
pI thelingige ofallmbe the holhsalﬁhlaml theyhofeshtZa eub with each other,
el t of which issinserted in each of t
o1 SR Eye dFaleh plteiiis o' GRE 4RIt 3" RopEE R any metal
pr caefasengf %h:wdxleat unsulating dbady 116, dt @am Be prbeertiod thet metal
S eIa C|ty. 3. A thermal processing
%§ﬁgﬂ'ﬁe§r@ i}(ﬁ'?{éef" | aim2, wherein the spacer
15 manrber I Aleboughy theg strbigift hhareraélememtssm penabratirat tise holes
acq¥a 'arqg t'ﬁ% ﬁoPésO{7§ Ia?'{errt?selt:l En tﬁe avw ove embodlment the heater
elements 18 may be U-shaped. In the case, for example, a U-shaped
heater element may be attached to the thermal processing apparatus 1
by inserting the U-shaped heater element into two adjacent holes 16a.
20 In addition, the area to be heated may be vertically divided into two
portions, in such a manner that the heater elements 18 inserted into the
holes 16a heat the upper portion of the area and the heater elements 18
- -inserted-into the holes 17a heat the lower portion of the area.
In the above embodiment, the resistance heating body 18a of
25 the heater element 18 is formed by the carbon wire. However, the
resistance heating body 18a may be another linear flexible resistance
heating body made of another high purity material, instead of the
carbon wire,
In the above embodiment, the thermal processing apparatus is
30 batch type and longitudinal type, and has a double tube structure
wherein the reaction tube 2 consists of the inner tube 3 and the outer
tube 4. However, the present invention is also applicable to a thermal
processing apparatus having a single tube structure. The objects to be
processed are not limited to semiconductor wafers W and may be, for
35 example, glass substrates for liquid crystal displays.




the heater elenent has a |linear tubular portion. 5. A
thermal processing apparatus according to claim4,
wherein the linear tubular portions of the heater

el enents are arranged at predetermned intervals from
the reaction vessel. 6. A therk&l processing apparatus
conprising: a reaction vessel in which an object to be
processedVhat isahaianekis; a heat insul ati ng body
provided so as to surround the reaction vessel, made
of nmetal; a plurality of holes provided in the heat

i ndul at i Agtheorhal prodessing apphiratysafonherdsing: el enent s,

Pol cs:  whdEcHoN YSSSE! BEPlch 417 BB sb t Brofedhed 15 (Pntained;
of hol es aaheat dres\dating thodsepeovided solés7o sutrbandethe reaction

pr%%ggéli_ng apparatus according to claim®6, wherein the
cer ¢ is alumna, silica or yttria. 8. A thernal

pr ocessi roplapgityaifuwmles peovidad ih ¢he lahifsudating body;
wher ein tahﬁlu?gﬁt?/rrci)fcgnriuﬂap %[r)ggéf members, each of which is provided -
in each of the plurality of holes; and
a plurality of heater elements, each of which is inserted in each
_of the plurality of annular spacer members.

2. A thermal processing apparatus according to claim 1, wherein
the spacer member has elasticity.

3. A thermal processing apparatus according to claim 2, wherein
the spacer member is an O-ring.

4, A thermal processing apparatus according to any of claims 1 to 3,
wherein -

the heater element has a linear tubular portion.

5. A thermal processing apparatus according to claim 4, wherein
the linear tubular portions of the heater elements are arranged at
predetermined intervals from the reaction vessel.

6. A thermal processing apparatus comprising:
a reaction vessel in which an object to be processed is contained;
a heat insulating body provided so as to surround the reaction
vessel, made of metal; '
a plurality of holes provided in the heat insulating body; and
_ a plurality of heater elements, each of which is inserted in each
of the plurality of holes;

wherein inside wall surfaces of the plurality of holes are coated
with ceramics.



9. A thermal processing apparatus according to any of
claims 1 to 8 wherein a surface of the heat

i nsul ating body on a side of the reaction vessel is
coated with ceramics. 10. A thermal processing

apparatus according to any of tdaims 1 to 9, wherein

the heater elenent is connected to a cable, and the ]
caffle i sAfﬁhﬁém&l Precessprhpapasmtuaascarling tp daimm6, wherein

v LYol B 1B i e ef ement by

-apparatus according to clai m 10, wherein the fixing

nmeber i I
I on | B SoEhel 0ceddng BoB3ARIS HihARd 8 Wit 6 or 7,
r exdgrein vessel in which an Obj ect to be processed IS

cont ai neg %el:hieﬁ SIEEHI‘@M ng body provided so as to

surround t € reac essel; a plurality of holes
provi ded in the heat |nsulat|ng body, a plurallty of

| ar
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t he pl ural I the.. S
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of vassel Iarcoated:mﬁti'neeﬂamma n the plurality of holes,
respectively; and
10. A thermal processing apparatus according to any of claims 1 to 9,
wherein
the heater element is connected to a cable, and
the cable is fixed to an apparatus outside wall in a vicinity of an
end portion of the heater element by means of a fixing member.

11. A thermal processing apparatus according to ciaim 10, wherein
the fixing member is a tie wrap.

12. An assembling method of a thermal processing apparatus
including: . SRR

a reaction vessel in which an object to be prbcessed is contained;

a heat insulating body provided so as to surround the reaction
vessel;

a plurality of holes provided in the heat insulating body;

a plurality of annular spacer members, each of which is provided
in each of the plurality of holes; and

a plurality of heater elements, each of which is inserted in each
of the pluratity of annular spacer members,

the assembling method comprising:

arranging the plurality of annular spacer members in the plurality
of holes, respectively; and

inserting the piurality of heater elements in the plurality of
annular spacer members, respectively.




inserting the plurality of heater elenents in the

plurality of annul ar spacer nenbers, respectively. 15

13. An assenbling nethod according to claim 12,

further conprising fixing a cgﬁ%e connected to the

heater elenent to an apparatu utside wall in a

.vicinity of an end portion of the heater el enent by

nmeans of a fixing nenber. 14. An assenbling nethod

aceqrdi ngnt i 2 i i #i iai
cabPe copndlsEifighethdd seebrfATRE CRIRFLY, Rirercomprising
out si de fiing arcable iconpeeiedoto she hiratpo elerpgnbio taie apparatus

hegl,eid&! AR th EWiBRAYSoPan2ehteplftir of the heater element by

means of a fixing member.

14. An assembling method according to claim 12, further comprising

fixing a cable connected to the heater element {0 an apparatus
outside wall in a vicinity of an end portion of the heater element by
means of a tie wrap.




