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wafers (depending on the wafer size) are placed on the wafer boat in a
tier-like manner. The wafer boat is conveyed (loaded) into a processing
20 container that can be exhausted, through a lower portion thereof. After
that, the inside of the processing container is maintained at an airtight
state. Then, various process conditions incduding a flow rate of a
process gas, a process pressure, @ process temperature or the like are
controlled to conduct a predetermined thermal process.
25 Herein, with reference to Fig. 10, an example of a conventional
thermal processing unit is explained. The thermal processing unit 2 has
a longitudinal processing container 8 with a predetermined length, which
has a double-tube structure of an inner tube 4 and an outer tube 6 and
is made of quartz. In a processing space S in the inner tube 4, a wafer
30 boat 10 made of quartz is contained as a holder for holding the object to
be processed. Semiconductor wafers W as objects to be processed are
held on the wafer boat 10 in a tier-like manner at a predetermined
interval (pitch).
A cap 12 is provided for opening and closing a lower portion of
35 the processing container 8. A rotation shaft 16, which can rotate via a
magnetic-fluid seal 14, is provided at the cap 12. A rotation table 18 is



magnetic-fluid seal 14, is provided at the cap 12. A rotation table 18 is 2
provided on an upper end of the rotation shaft 16. A heat-insulating
cylinder 20 is provided on the table 18. The wafer boat 10 is placed on

the heat-insulating cylinder 20. The cap 12 is attached to an arm 24 of a
boat el evator 22 that can be noved up ang down, so that the cap 12 5 can be
noved up and down together with the rotation shaft 16 and the wafer boat
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that can control gas flow rates are respectively provided.
Then, the respective process gases supplied from the respective
20  gas nozzles 28A, 28B ascend in the processing space S (wafer
containing region) in the inner tube 4, turn down at a ceiling portion and
descend in a gap between the inner tube 4 and the outer tube 6.
A gas-discharging port 34 communicating with the gap between
the inner tube 4 and the outer tube 6 is provided at a side wall of the
25  manifold 26. A vacuum pump not shown and the like are connected to
the gas-discharging port 34. Thus, a vacuum can be created in the
processing container 8.
A heat-insulating barrier 36 consisting of a heat-insulating
material is provided outside the processing container 8. A heater 38 as
30 a heating means is provided inside the heat-insulating barrier 36. Thus,
the wafers W in the processing container 8 are adapted to be heated to
a predetermined temperature.
The conventional thermal processing unit 2 is designed to
conduct a thermal process, such as a film-forming process or an
35  oxidation-diffusion process, at a relatively high temperature zone of for
example 900 to 1200 °C. In view of thermal stability at the relatively



conduct a thermal process, such as a filmformng process or an 35

oxi dati on-di ffusion process, at a relatively high tenperature zone of for
exanple 900 to 1200 C. In view of thermal stability at the relatively 3
hi gh tenperature zone and so on, the heat-insulating barrier 36 is
designed to be relatively thick so as toshave large thermal capacity. In
addition, in order to rapidly lower the tenperature of the processed
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another unit wher el "When a thermal process is conducted at the above low
20 temperature zone, if the thermal processing unit 2 as shown in Fig. 6,
which is designed for the high temperature zone of for example 900 to
1200 °C and which has the large thermal capacity, is used, it may take a
very long time to lower the wafer temperature to a handling
temperature that is around a room temperature, even if the thermal
25 process is conducted at the low temperature. For example, as
described above, since the heat-insulating barrier 36 is thick and has the
large thermal capacity, a rate of temperature fall in the
high-temperature zone of about 900 to 1200 °Cis 5 to 6 °C / min, which
is large, but a rate of temperature fall in the low temperature zone of
30 around 100 °Cis 1 to 2 °C/ min, which is very small. The phenomenon
in the low temperature zone may be also found in another unit wherein
a cooling wind is blown to a side wall of a processing container 8.
If it takes a long time to lower the temperature of the processed
wafers to the handling temperature, throughput is remarkably

35 deteriorated.



a cooling wind is blown to a side wall of a processing container 8. If it
takes a long time to lower the tenperature of the processed wafers to the
~handl i ng tenperature, throughput is remarkably 35 deteriorated. 4 SUMVARY
OF THE I NVENTION This invention is intended to solve the above problemns.
The object of this invention is to provipde a thermal processing unit
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the processing container and the outside wall surface of the processing

container is cooled by the container cooling unit, the whole thermal
20 processing unit has smaller thermal capacity. In addition, since the
outside wall surface of the processing container can be maintained at a
low temperature, a rate of temperature fall of the objects to be
processed in a low temperature zone can be remarkably enhanced.

For example, the container cooling unit has: a cooling pipe

25 arranged so as to come in contact with the outside wall surface of the
~ processing container, and a cooling-medium introducing unit that causes
a cooling medium to flow into the cooling pipe. In the case, the outside
wall surface of the processing container can be efficiently cooled by the
cooling medium. In addition, it is preferable that the cooling pipe is

30 wound around the outside wall surface of the processing container.

The cooling pipe may have a double-tube structure having an |
inner tube and an outer tube, and the cooling medium may be caused to
flow into a gap between the inner tube and the outer tube.

In addition, it is preferable that the outside wall surface of the

35 processing container and the cooling pipe are coated with a
heat-transfer material. In the case, the heating surface area can be




The cooling pipe may have a doubl e-tube structure having an inner tube and
an outer tube, and the cooling nediummy be caused to flowinto a gap

bet ween the inner tube and the outer tube. In addition, it is preferable
that the outside wall surface of the 35 processing container' and the
cooling pipe are coated with a heat-tragsfer material. In the case, the
heating surface area can be 5 increased, the heat exchange effectiveness

can be inproved, and the rate of te rature fall n; 0 .l ved.
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effidently discharged outside by the container cooling unit. Thus,
cooling efficiency can be improved, so that the rate of temperature fall
20 and the characteristics of temperature fall can be more improved.
For example, the heating unit has a side heater extending in a
vertical direction along the inside wall surface of the processing container.
Regarding support of the side heater, although a lower portion of the
side heater may supported by a bottom portion of the processing
25 container, it is preferable that a upper portion of the side heater is
supported by a ceiling portion of the processing container. This is
because the ceiling portion of the processing container has relatively
large space. In addition, this makes it possible to avoid concentration of
pipes or the like at the lower portion of the processing container in which
30 the pipes or the like, such as the process-gas introducing unit and the
cooling-gas introducing unit, tend to be concentratedly arranged. In the
case, maintenance characteristics at the lower portion of the processing
container may be improved.
Preferably, the heating unit has a ceiling heater arranged in a
35  vicinity of a ceiling portion of the object—to-be-prqcessed holding unit
inserted into the processing container, the ceiling heater heating the



pi pes or the like at the lower portion of the processing container in which
30 the pipes or the |like, such as the process-gas introducing unit and the
cooling-gas introducing unit, tend to be concentratedly arranged. In the
case, maintenance characteristics at the lower portion of the processing
container may be inproved. Preferably, the heating unit has a ceiling
heater arranged in a 35 vicinity of a ceiling portion of the
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The processing container consists of quartz, stainless steel or
20 aluminum. '
Preferably, the objects to be processed are heated to a range of
50 to 600 °C.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a schematic structural view showing a first embodiment
of a thermal processing unit according to the present invention;
Fig. 2 is a sectional view of the thermal processing unit of the

embodiment;
Fig. 3 is a perspective view of a heater rod as a heating unit;
30 Figs. 4(A) and 4(B) are graphs showing examples of

characteristics of temperature fall of wafers according to the thermal
processing unit of the first embodiment of the present invention;
Fig. 5 is a graph showing wafer temperatures when the wafers
are heated;
35 Fig. 6 is a schematic structural view showing a second
embodiment of a thermal processing unit according to the present



enbodiment; Fig. 3 is a perspective view of a heater rod as a heating unit;
30 Figs. 4(A and 4(B) are graphs show ng exanples of characteri stigs oft1
tenperature fall of wafers according to the thermal processing unit of the
first enbodi ment of the present invention; Fig. 5 is a graph showi ng wafer
tenperatures when the wafers are heated; 35 Fig. 6 is a schematic
structural view showing a second enbodinent of a thermal processing unit
according to Ihen rgsent 7 invention; Figs. 7(A) and 7(B) are plan view
show ng exarrp\rE/_g PNa shape of a ceiling heater or a bottom heater; Fig. 8
s a graph showi ng Fiar A(teand (B3 2ot planyivashowing exasilesoharshape

ing to acco t It e I.s a graph show ng characteristi
of tenperaturgf?lc_gﬁﬁ@fﬁeoi\{kg# 8?@ t}ao,(%ogdPngerellgeﬂr’o thg tﬁermal prgcessi n r: tStln(‘:S
the second enbodi nEigt Sofs atgrapheshomting mhanesteristicenaf teypPefFure ”égs hemati c

structuralcvi | : 0. ti I [
ant - DESCR! PR S A R R B O Drter enbod: rents of
a thermal processi nGigud is acaraphi FPwing ¢hesagesskth oPﬁgwf%r%gge&% ai ned

with referencg fra2tiReReAg 18 ¥h@Wth&snalFigrocdsdisg auathafathe secard ural
vi ew show ng a%fl rst enﬁgdlgrrent of a ther_rr‘gl pro@gessi ng unit according to
the present i evebpdigentpf§he presentinentionsfd vi ew of the t her mal

processing unit of the wThodidmematicstguctBralsviewpshapiegt av exangie of &
heat er rodOas a heat i n%ﬁgnlt. 20 As .showr.}:ni n Fig. 1, a thermal processing
unit 40 otOt h&ofivegtion BENAERPCEFSINEE Y venti on has a cylindri cal
processi ng contai ner 42 whose |ower end is open. The processi ng contai ner

42 may be made of for Pﬂpﬁ@&%%%%ﬁ%%{?i@D%@ﬁwwﬂ nless steel or

al um num Ina lowte tUTr & Zzone~ Ol t-50 t0 600 C as._descrj bed
above, if a 25 procétsenbfteenembodunents o therma RIBRRRFNEHNFARPFINY a

hi gher zone ofy, 3gubrelaft ! AvERAof atd dpidREl cRbl Gefeiehcaiuar ttiachbdse

heat resistanc
15 drawings.

Fig. 1 is a schematic structural view showing a first embodiment
of a thermal processing unit according to the present invention. Fig. 2is
3 sectional view of the thermal processing unit of the embodiment.

Fig. 3 is a perspective view of a heater rod as a heating unit.

20 As shown in Fig. 1, a thermal processing unit 40 of the first
embodiment of the invention has a cylindrical processing container 42
whose lower end is open. The processing container 42 may be made of
for example quartz or a metal such as stainless steel or aluminum. Ina
low temperature zone of about 50 to 600 °C as described above, if a

25  process of semiconductor wafers is conducted mainly in a higher zone of
about 350 to 600 °C, it is preferable that quartz, whose heat resistance
is high, is used as a material for the processing container 42. If a
process of semiconductor wafers is conducted mainly in a lower zone of
about 50 to 350 °C, it is preferable that a metal such as stainless steel or

30  aluminum is used as a material for the processing container 42.

' An open gas-discharging port 46 is provided at a ceiling part of
the processing container 42. A gas-discharging nozzle 48 that has been
bent at a right angle in a lateral direction is provided to connect with the
gas-discharging port 46. A gas-discharging system 54 induding a

35 pressure-control valve 50 and a gas-discharging pump 52 and the like
on the way is connected to the gas-discharging nozzie 48. Thus, the

\J
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goouf 50 to 350 C, it is preferable that a metal such as stainless steel or
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between the processing container 42 and the manifold 56 is maintained.

The wafer boat 58 is placed above a table 62 via a

20 heat-insulating cylinder 60 made of quartz. The table 62 is supported
on a rotation shaft 66 that penetrates a lid member 64 for opening and
closing the lower end opening of the manifold 56.

For example, a magnetic-fluid seal 68 is provided at a

penetration part of the lid member 64 by the rotation shaft 66. Thus,
25 the rotation shaft 66 can rotate while maintaining airtightness by the lid

member 64. In addition, a sealing member 70 such as an O-ring is

provided between a peripheral portion of the lid member 64 and a lower

end portion of the manifold 56. Thus, airtightness between the lid

member 64 and the manifold 56 is maintained, so that airtightness in
30 the processing container 42 is maintained.

The rotation shaft 66 is attached to a tip end of an arm 74
supported by an elevating mechanism 72 such as a boat elevator.
When the elevating mechanism 72 is moved up and down, the wafer
boat 58 and the lid member 64 and the like may be integrally moved up

35 and down.
Herein, the table 62 may be fixed on the lid member 64. Inthe



25 the rotation shaft 66 can rotate while maintaining airtigh

lid memrber 64. In addition, a sealing menber 70 suchgas an g}ﬁpﬁ;sigy the
provi ded between a peripheral portion of the Iid nenber 64 and a |ower end
portion of the manifold 56. Thus, airtightness between the lid nenber 64
and the manifold 56 is naintained, so that airtightness in 30 the
processi ng contai ner 42 i s maintained. The rotation shaft 66 is attached to

atipend of an arm 74 supported by an el evati ng mechani sm 72
boat el evat orcase Vihenwefer kaas\ht degsmiectiatn @’M'?ihg@?&ﬁﬁé@&g}e%ﬁ%gﬁi astﬁe

waf er boat lid menber 64 and the |ik be i

up 35 and dggﬁaﬂgﬁértglah,_ the table 62 may b f:x:drrgy tgeI Inlt core) Ig méZ?dl n
the 9 case, the V\/é\fé‘leaBBQthBB_7cfb§%"n' aF'éga{ﬁ? \%ﬁm'c@"BHg Oﬁr‘gégesrg HO %he

ﬁ; g;: W i s 5:8p84ch 8¢l intPodlRdhdg 0@iturs For/mtfcductieps ipngdeteemieed povesst or

W a 'procesS-gas introduci |t 78, f iy ' . .
predet er rri5ne§:951§r W&%§§g %Oﬁ%ﬁé'r?%ggrl‘tt% UFB)}%c%%% Pgéooi'gﬁg%%g@rw%ﬁ' ?'ngn%mzti
cool i ng- gas gy hedwei featurei df the @mesemeineation @refrespeactivelysprovidedvaingi on are

respectively provided at . a _Si tion of the manifold 56. Specificall
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heat er el ect r isigipodistarseur Adoger\gng portion 82A of the heatérsro%ogg?g%gnt gto a
a substantially right angle in a L-shape. The lower end portion 82A is
fixed to the manifold 56. Thus, the whole heater rod 82 is supported.
20 For example, a carbon wire heater wherein a carbon wire is
covered with a quartz layer can be used as the heater rod 82. Each
heater rod 82 is connected to a heater electric power source 86 via a
feeder line 83 and a switching mechanism 84.
The process-gas introducing unit 78 has a plurality of, two in the
25  shown example, process-gas nozzles 88A, 88B that penetrate the
manifold 56. The process-gas nozzles 88A, 88B are respectively
connected to process-gas sources 92A, 92B via process-gas lines S0A,
90B. In the respective process-gas lines 90A, 90B, on-off valves 94A,
94B and flow-rate controllers 96A, 96B such as mass-flow controllers are
30 respectively provided. Necessary numbers of the process-gas nozzles
88A, 88B and the like are provided depending on the number of kinds of
necessary gases. The tip end portion of each process-gas nozzie 88A,
88b is bent upwardly.
In addition, as shown in Figs. 1 and 2, the cooling-gas
35 introducing unit 80 has a plurality of, eight in the shown example,
cooling-gas nozzles 98 that penetrate the manifold 56. These gas



feeder line 83 and a switching nmechani sm 84. The process-gas in [
unit 78 has a plurality of, two in the 25 shown gxanple,gproceg;?g;glng
nozzl es 88A, 88B that penetrate the nanifold 56. The process-gas nozzles
88A, 88B are respectively connected to process-gas sources 92A, 92B via
process-gas lines 90A, 90B. In the respective process-gas |ines 90A, 908
on-of f valves 94A, 94B and flowrate cgﬁtrollers 96A, 96B such as 1 1

mass-fl ow controllers are 30 respectivel rovi de Ne

Eﬂe pr ggess ]g@zzlﬁsZ%e@re asmngggBSlabﬁiaﬂh%Wp WOQF@V FKPB\CﬁeUz’éEar @E‘%nﬁle;; 8];1
e nunber o

e caae et nogﬁz @&gﬂ in %e%ﬁéér%wrggtﬁ%lﬁa\n{ggm tdf Rhenhapefold 56. oTrheatcrh

dd
Figs. 1 and Znd @@r%%qungagasw%aguﬁsr Még?nasuﬁl Y &g‘arg b4 u?géflwt y of,
ei ght in the RANG-RsaABLA 983®§3lcbﬁ§et§téd umoaz¢mmgggamat>umne®4aue a he

mani fold 56. Thesé gas 10 98
(at substéntlcéPPi'Qgtg?é "@%n%&%l'f'E'Halr\gnagr gf‘? &% & ﬂib?hgﬁéec |onu'§ f?[uran Y
L'E‘Q,; 1; 3: S SEESaCcFS@QEgi@ belod, p@rctoomngo@aeasradamed nigp- @asemzed §rg® Eactbent

in
104 via a5 coSlAGmgos SoT6 Tre Poea ket i AR o R ey
As descri bedhedieowperatwreadfithg veaferd aftad'etp‘:’( terrg! Ipeoegséct ed from each
cool i ng-gas nozzl e ﬁg%g%q%hkge%#f %ﬁqﬁﬁ&%%aé§§ﬁ %%dsnaﬁrmegag@r Hower

t he tenperature of er ermal prqces I
gas, an iler tHgamsswcha aeaarpiner §ae likaimay Qja@s%f @"‘I‘W d(E:l? CO(??'P‘QI (r:ll ean

air or the Ili
s provi ded Iﬁﬁcﬁé%u&@ﬁp?ﬁ%ﬁowhnf %@Wl&é@nn thé cdo bb@qinenmﬂﬁamtmhthet shown

00
t enper at ure bedding epete |ao|ﬁ"\@r tpkﬁ)%é@@rgh%fé%g&lﬂ O’r] é)[cr 388]&%8@8@2;@%? u(raeI 1(‘) glelr
?:I.Ot Png\ﬁ-Lg{ ;Sné:‘gté[brt]’lién‘rﬂyrgtrl,ggggln@ﬁﬂ'le wbvatf@:éd:ahlbmmwe@mwnaacemr cooling unit
sing .contain I
processi ng cont ai nel? 4@d it '%Bec?ff:@étlaﬂ?r tcﬁgﬁ%%nf’aﬁglrlbcl)fgrwa@e?th%aot 21?
wﬁngﬁbodisrgnbrmsmg erhineg 42 ipselflisrovided| at tmeoprbgesse&@ﬁpﬂ’@'%?f A1y
around an o sddbiy I Bttty 86y Wit 1RHOGERY inbeihfurteRiasia The

cool i ng pi pe whose eat conduct | Vi t
such as 20 coppelnng apige | 51 2wuerehovanid SohSantR'al $RITR!We WG 2 %Lfrtﬂit S?dt he

outside wall surface of the processing container 42. The cooling pipe
112 is made of a material whose heat conductivity is good, such as

20 copper, and is wound over substantially the whole height of the
processing container 42.

One end of the cooling pipe 112 is formed as a cooling-medium
introducing port 112A, and the other end is. formed as a cooling-medium
discharging port 112B. Then, the cooling-medium introducing port

25 112A is connected to a cooling—medium source 114 via a
cooling-medium way 118 including an on-off valve 116 on the way. For
example, cooling water may be used as the cooling medium. However,
the cooling medium is not limited thereto. It is preferable that the
cooling medium is repeatedly used by means of a circulation way.

30 In the present embodiment, a heat-transfer cement 120 whose
heat conductivity is good and that has a predetermined thickness is
attached onto the outside wall surface of the processing container 42 in
such a manner that the cooling pipe 112 is buried in the heat-transfer
cement 120. Thus, the side wall of the processing container 42 can be

35  more efficiently cooled when necessary.

Next, a thermal processing method carried out by using the
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example about 150 °C. After that, an H, gas as a predetermined
process gas is supplied from one process-gas nozzle (for example 88A)
20 of the process-gas introducing unit 78 while a flow rate of the Hy gas is
controlled.

The H;, gas ascends in the processing container 42 and comes in
contact with the wafers W contained in the rotating wafer boat 58. Thus,
the annealing process is conducted to the copper films of the wafer

25 surfaces. Then, the Hz gas is discharged outside from the
gas-discharging port 46 at the ceiling part of the processing container
42.
During the thermal process (annealing process), a cooling
medium such as cooling water may be caused to flow into the cooling
30 pipe 112 of the container cooling unit 110 provided on the side wall of
the processing container 42. In the case, the side wall of the container
may be cooled. If the cooling medium such as cooling water is not
caused to flow, the thermal efficiency of the process may be enhanced.
When the thermal process for a predetermined time is completed,
35 the electric power supplied to the heater rods 82 is controlled or stopped.

Then, a cooling operation is conducted.
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heat-transfer cement 120, so that the thermal conductivity between the
side wall of the processing container 42 and the cooling pipe 112 is
20 greatly increased. Thus, the temperature of the processing container 42
may be lowered more rapidly.
In addition, at the same time as the cooling by the cooling pipe
112, the cooling gas is introduced into the processing container 42 from
the lower portion thereof, and the cooling gas directly contacts with the
25  processed wafers W to cool them. Thus, the temperature of the wafers
W may be lowered more rapidly, that is, the rate of temperature fall of
the wafers W may be increased more.
In addition, if a thermal-reflectivity lowering process for lowering
thermal reflectivity of the inside wall surface of the processing container
30 42 has been conducted to the inside wall surface of the processing
container 42 in advance, heat absorptivity of the side wall of the
processing container 42 is increased. In the case, the temperature in
the processing container 42 and the temperature of the wafers W may
be lowered more rapidly. As a thermal-reflectivity lowering process,
35 there are a blacking process to the inside wall surface of the container, a
process of making rough the inside wall surface of the container by
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when the cooling water flows into the cooling pipe an the coo%ling gas is
ejected into the processing container. Herein, the shown characteristics
are those when the wafer temperature is lowered from about 150°Cto a
20 room temperature. The flow rate of the cooling water was 5 liters / min,
the cooling gas was a clean air, and the flow rate of the cooling gas was
666 liters / min, in common.
As shown in Fig. 4(A), when the cooling gas was not ejected and
only the cooling water was used, the temperature fall traced a relatively
25 mild curve. However, in the higher temperature zone, the rate of
temperature fall was higher than in the lower temperature zone. For
example, from 150 °C to 100 °C, the rate of temperature fall was 5.9 °C
/ min, while from 150 °C to 50 °C the rate of temperature fall was 4.3 °C
/ min. The rate of temperature fall of the case is much higher than the
30 rate of temperature fall of 1 to 2 °C / min at the conventional thermal
processing unit shown in Fig. 6. That is, it was found that an enough
high rate of temperature fall can be obtained even if the cooling gas is
not used.
On the other hand, as shown in Fig. 4(B), when both the cooling
35 gas and the cooling medium were used, the temperature fall traced a

relatively sharp curve. That is, the degree of temperature fall was very



15 fall when the cooling water flows into the cooling pipe but the cooling
gas is not ejected. Fig. 4(B) shows characteristics of tenperature fal
when the cooling water flows into the cooling pipe and the cooling gas is
ejected into the processing container. Herein, the shown characteristics
are those when the wafer tenperature is_|owered fromabout 150 Cto a 20
roomtenperature. The flowrate of the &60Iing water was 5 liters / mn,
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| According to the curve C in the graph, within about .three
minutes from the start of heating (shorter than a target value, 10
20 minutes), the wafer temperature reached a temperature in the vicinity
(not less than 90 %) of the set temperature of 150 °C. That is, it was
found that the rate of temperature rise is also high enough and is
maintained at substantially the same value as at the conventional unit.
Next, a second embodiment of the present invention is
25 explained.

Fig. 6 is a schematic structural view showing the second
embodiment of a thermal processing unit according to the present
invention. Figs. 7(A) and 7(B) are plan view showing shapes of a ceiling
heater and a bottom heater. The same parts as explained with

30 reference to Fig. 1 are represented by the same numeral signs, and the
| explanation thereof is omitted.

In the second embodiment, a material for the processing
container 42 is limited to a metal, so that a time necessary for
temperature stabilization is shortened. In addition, the number of

35 heaters in the heating unit 76 is increased, so that the uniformity
between wafer surface temperatures during the process is improved.
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As the heating unit 76 of the present embodiment, as described
below, a plurality of kinds of heaters are used. In Fig. 6, heating areas
of the heaters are shown by dots.

20 The heaters of the present embodiment are explained in detall.

At first, the same heater rods 82 as shown in Fig. 3 are vertically
arranged along the inside wall surface of the processing container 42,
In the same manner as explained with reference to Fig. 2, a large
number of heater rods 82 are arranged at a predetermined interval in a

25 circumferential direction of the processing container 42, in order to form
a side heater 130. This feature is the same as the first embodiment
explained with reference to Fig. 1. However, in the present invention,
the heater rods 82 are not supported by the side wall of the bottom
portion of the processing container 42, but supported by the ceiling

30 portion 42A of the processing container 42.

In addition, in the present embodiment, a bottom heater 132 is
arranged at a bottom portion of the processing container 42 and a
ceiling heater 134 is arranged at a ceiling portion thereof.

The bottom heater 132 is arranged under the rotation table 62 in

35 such a manner that the bottom heater 132 confronts the rotation table

62 in parallel. Thus, a large amount of heat can be given to the



58 and an upper portion of the rotation shaft 66 connected to the rotation
table 62 are nmade of a heat-resistant material whose thermal conductivity
is low, such as quartz. For exanple, wafers Wof 300 nm dianeter are
supported by the wafer boat 58. In the present 15 enbodi nent, the

heat -i nsul ating cylinder 60 (see Fig. 1% used in the first enbodi nent
shown in Fig. 1 is not used. As the hea |ng unit 76 of the present

enbodi ment, as described below, a Iur of kin used.
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Regarding the heater 132 or 134, in order not to cause metal
20 contamination to the wafers W, the surface thereof may be coated with
high-purity quartz or the main heater body thereof may be contained in
a quartz tube.
In addition, as the bottom heater 132, a heater may be used
wherein a resistance heating wire consisting of a high-purity carbon
25 material is sealed in a quartz plate, which is described in JP Laid-Open
Publication No. 2001-156005. The bottom heater 132 may be formed
integrally with the rotation table 62.
If the above bottom heater 132 and/or the ceiling heater 134 are
provided, a larger amount of heat can be given to the bottom portion
30 and/or the upper portion of the wafer boat 58, whose heat discharge
tends to be larger than at the central portion thereof. Thus, the
uniformity between surface temperatures of the (for example, about
twenty-five) wafers W placed on the wafer boat 58 in a tier-like manner
can be maintained at a high level.
35 If the amount of heat to be given is not enough even with the
above bottorm heater 132 and/or the ceiling heater 134, an assistant



heater electric power source 86 (see Fig. 1 On the other h

ceiling heater 134 is supported by and fixeé to the ceiling Sg?iigge4%2 of
the processing container 42 via a pillar 138 including a cable, and is
connected to the heater electric power source 86. As the bottoﬁ1heater 132
or the ceiling heater 134, as shown in 1g. 7(A), a doughnut-Iike plane
heater plate may be used. 15 Alternatl%e as showmn in Fig. 7(B), the
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conducting portions generate no heat. Regarding the assistant bottom
heater 140 and/or the assistant ceiling heater 142, in order not to cause
metal contamination to the wafers W, it is preferable that the whole
20 heater is coated with a quartz cover or the like.
In addition, a thermal-reflectivity lowering process may be
conducted to the inside wall surface of the processing container 42.
Alternatively, without conducting the thermal-reflectivity lowering
process, to the contrary, a thermal-reflectivity raising process may be
25  conducted by an electro polishing or a chromium plating or the like. For
example, if the process temperature is in a very low temperature zone
of about 50 to 400 °C and the control for temperature stabilization is
very difficult, it is effective to conduct the thermal-reflectivity lowering
process to facilitate the control for temperature stabilization but to
30 sacrifice the thermal efficency. To the contrary, if the process
temperature is in a normal low temperature zone of about 400 to 600 °C,
since the control for temperature stabilization is easy, it is effective to
conduct the thermal-reflectivity raising process to improve the thermal
efficiency.
35 Then, an operation of the thermal processing unit of the second
embodiment is explained.



assi stant bottom heater 140 may be arranged along the inside wall surface
of a lower portion of the processing container 42, and a heating area of
the assistant ceiling heater 142 may be arranged al ong the 10 inside wall
surface of an upper portion of the processing container 42. Thus, the
wafers Win the vicinity of the |ower e ? and the wafers Win thé vicinit
of the upper end may be respectively heated nore strongly. The assi stant Y
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may be heater 130, the bottom heater 132 and the ceiling heater 134, and the e rise
assistant bottom heater 140 and the assistant ceiling heater 142 if they
20 are provided. Thus, the wafers W are heated to the process
temperature. '
In a general processing system wherein the processing container
is not cooled, the wafer temperature overshoots so greatly that it takes
a long time for the wafer temperature to stabilize at a process
25 temperature. On the other hand, according to the embodiment, since
the processing container 42 is cooled, the responsibility of the
temperature control is so good that the level of overshooting is inhibited.
Thus, it is possible to stabilize the wafer temperature at a process
temperature within a shorter time.
30 In addition, in the embodiment, by providing the bottom heater
132 and the ceiling heater 134, and by providing the assistant bottom
heater 140 and the assistant ceiling heater 142 if they are necessary, an
amount of heat supplied to the upper end portion and the lower end
portion of the wafer boat 58, where an amount of heat discharge tends
35 to be larger than at the central portion thereof, is increased. Thus, the
uniformity between wafer surface temperatures during the heating step
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wafers according to a conventional unit. Fig. 9 is a graph showing
characteristics of temperature rise of wafers according to the thermal
20 processing unit of the present embodiment. The set temperature was
150 °C for the conventional unit and 100 °C for the embodiment unit.
(Since the conventional unit is not taken into consideration the use for a
process at a very low temperature of about 100 °C, as the set
temperature, 150 °C was adopted, which is a lower limit controllable by
25  the conventional unit.) In addition, the wafer size was 200 mm (8
inches) for the conventional unit and 300 mm (12 inches) for the
embodiment unit. The conventional unit contained one hundred and
forty wafers, and the embodiment unit contained twenty-five wafers.
Regarding the conventional unit, thermocouples were
30 respectively provided at the fourth uppermost wafer as TOP, at the
70-th uppermost wafer as CENTER and at the 136-th uppermost wafer
as BOTTOM, to measure temperatures thereof, On the other hand,
regarding the embodiment unit, thermocouples were respectively
provided at the uppermost wafer, at the seventh uppermost wafer, at
35 the sixteenth uppermost wafer and at the 25-th uppermost wafer, to

measure temperatures thereof. The thermocouples were provided at a
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for the wafer temperature to enter a range of 100 °C + 5°C. In addition,
from the completion of heating instructions, it took only about 5 minutes

20 for the wafer temperature to enter the temperature stabilization zone.

That is, it was found that it is possible to rapidly heat the wafers to a
predetermined process temperature. Herein, the rate of temperature
rise was 50 °C / min.

The reason why the process temperature is stabilized within only

25  about 5 minutes from the completion of heating instructions in the
embodiment unit is because the wall surface of the processing container
42 is cooled by the cooling water during the heating step so that the
degree of overshooting of the wafer temperature may be inhibited and
temperature control characteristics are improved.

30 In addition, in the embodiment unit, the maximum temperature
difference between the wafer surfaces during the heating step was
several degrees. That is, it was found that the uniformity of the wafer
temperature between wafer surfaces (including during the process) may
be remarkably improved.

35 In addition, the temperature difference between the central

portion and the peripheral portion of the wafer during the heating step



central portion and a peripheral portion for each of the above wafers to
neasure the tenperature difference between the central portion and the
peri pheral portion. Herein, in the enbodi nent unit, the process pressure
was a 5 normal pressure, the flowrate of the cooling water was 20 liters
/ mn, and the flowrate of the N2 gas ﬂt the cooling step was 5 liters
/mn. As shown in Fig. 8, according to e conventional unit, fromthe

start of heating, it took utes,far the ter a
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That is, it was found that the uniformty of the wafer tenperature between
waf er surfaces (including during the process) may be remarkably inproved.
35 In addition, the tenperature difference between the central



portion and the peripheral portion of the wafer during the heating step 21
was increased to 15 C at nost. However, the state continued only for 2 or
3 minutes, so that the wafers were not affected badly thereby. As described
above, when the bottom heater 132 and the ceiling heater 134 and the |ike
are provided in addition to the side heater 130 5 as the second

enbodi nent, the uniformty between waf er’%sur f ace tenperatures during the
heat i ng step and during the process nay be greatly inproved. The above
enbodi ments are explained for the ann IN® process to the copper films.
However, the thermal process is not limted unless 10 it causes a problem
of net al contanlnatlon or the like. For exaqp in a thermal process for

vitrificatingla resh pherayal Prasessing HPR QORI B9l ectric film the process
tenperature is abouj td8lHlaf prdt@lsibg cdntaiaer,NH3 gas or the like is used as a

process gas. The object .to be rocesse not h C ductor
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CLAIMS 1. A tb dthd terec E@je@gedlmmta tieriké shagner and ubat aan e segtiedg
cont ai ner, jectgai(& s roc sed hé)%?Mg ﬁt%H !t hat holds a plurality of
obj ect s to be G elqrgg 9 F'that can be inserted
into and taken out érmml:esmegps dmtﬂfsdlumggmt &lhatemrcnﬂqﬁﬁ@@eﬂﬁwgrmmdodum ng
unit that intr gas into the processing
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cont ai ner, uni rdcessi ng contai ner the heat i ng
unit heati ng the pl arraeattrgg Uﬁ|tdlipe©18§ Iﬂdmepr;s»cs&%%é@ﬂﬁ%naf et pgating

obj ect - t 0- be- pi ﬁ’ccq'%%?ﬂ hehdi Blglr?]"ﬂ/t o§)ektie tobbeChrdceshat Hiclg ebgethe

hol di ng unit is insert d into t rocessin ontbal n g) cont alcper
cool i ng uni t ARARCtOOPS-PARCRSFEd| B@d\%ﬂ |ur§hrV%m ﬁ@d S? B g~

Con: ainer. 2. lh‘&é'hgrm?é lsﬂﬁ%‘{@é@m’t@ tuelptrocaés@mgdcmamrphad m 1, \Aher ein the
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processing container.

2. A thermal processing unit according to claim 1, wherein

the container cooling unit has:

a cooling pipe arranged so as to come in contact with the outside
wall surface of the processing container, and

a cooling-medium introducing unit that causes a cooling medium

to flow into the cooling pipe.

3. A thermal processing unit according to claim 2, wherein
the cooling pipe is wound around the outside wall surface of the
processing container.

4. A thermal processing unit according to claim 2 or 3, wherein

the cooling pipe has a double-tube structure having an inner
tube and an outer tube, and

the cooling medium is caused to flow into a gap between the
inner tube and the outer tube.

5. A thermal processing unit according to any of claims 2 to 4,
wherein
the outside wall surface of the processing container and the



wal | surface of the processing container, and a cooling-nmedi umintroducing
unit that causes a cooling nedium to flowinto the cooling pipe. 3. A
thermal processing unit according to claim2, wherein the cooling pipe is
wound around the outside wall surface of the processing container. 4. A
thermal processing unit according to claim2 or 3, wherein the cooling pipe
has a doubl e-tube structure having an i Aer tube and an outer t ube, and

the cooling nediumis caused to flowinto a ga bet_eren the inner tube and
the outer tuhbmoliBg pipe bee peatedrwith adeny s 58@6%%9 to any of clainms 2
to 4, wherein the outside wall surface of the processing container and the
23 cooling pipe are coated with a he,at-trgnsfg ‘matgiwq% v ﬁ'i A t her mal
processing urbt acdoHtarA! Eoeessing BNt ARedrding ¢ Ha a5 SN5f er materi al
i's a heat-transfer (germt-transféy trizeendlis priesatssamgfencéneatcor ding to any of
claims 1 to 6, further conprising a cooling-gas introducing unit that
introduces a predeterm ned cooling gas into the processing container when
the objects tp be pripeasardracessraplunit agcordingheo raly of cdeists dgtarfit
according to any of clainms 1 to 7, wherein a thermal-reflectivity |owering
process for I&%P?W@”ﬁﬂ'@?‘ﬂﬁl reflectivity of an inside wall surface of the
processi ng cont ai neg dostingegas intmudairige gnitothatientreghees waPredsipiPedor t he
processi ng container. 9. r 0cess) i edioBiect® tanypeof
clainms 1 to 8F°&W%r%qsn '?@ettﬁgaﬁfdﬁgg%ﬁ t%ﬁg@%élgiv%heéﬁggt er %xtendi ng in a
vertical direeddessedilaomgooled. i nsi de wal | surface of the processing
container. 10. A thermal processing unit according to claim9, wherein a

| ower portion of the side heater is supported.by a bott tq f the
pr ocesgi ng cot ai nef. thermal processing ur?uP accordlng to any FHalREt @0 9

wherein
a thermal-reflectivity lowering process for lowering thermal

reflectivity of an inside wall surface of the processing container has been
conducted to the inside wall surface of the processing container.

9, A thermal processing unit according to any of claims 1 to 8,

wherein |
the heating unit has a side heater extending in a vertical

direction along the inside wall surface of the processing container.

10. A thermal processing unit according to claim 9, wherein
a lower portion of the side heater is supported by a bottom
portion of the processing container.

11. A thermal processing unit according to claim 9, wherein
a upper portion of the side heater is supported by a ceiling
portion of the processing container.

12. A thermal processing unit according to any of claims 1 to 11,
wherein

the heating unit has a ceiling heater arranged in a vicinity of a
ceiling portion of the object-to-be-processed holding unit inserted into
the processing container, the ceiling heater heating the ceiling portion.



11. A thermal processing unit according to claim9, wherein a upper portion
of the side heater is supported by a ceiling portion of the processing
container. 12. A thermal processing unit according to any of clains 1 to
11, wherein the heating unit has a ceiling heater arranged in a vicinity
of a ceiling portion of the object-to-be-processed holding unit inserted
into the processing container, the ceiffng heater heating the ceiling
portion. 24 13. A thermal processing unit according to claim12, wherein
the ceiling heater Athesmappracassing wnit atddra@gperdiaion 14 €INpr ocessi ng

container. 14. A thermal.. pro Ln ' op¢i RYckiin@nyorforcidii tre 1 to
13, wherein the héﬁ?rﬁ%“&i ﬁg%%g % %QP@%ﬁEﬁea?er arra%ggd inavicinity of
a bottom porpriocessifig thetadigrect - t o- be- processed hol ding unit inserted into
t he processing container, the bottom heater heating the bottom portion.
15. A thermal processing unit accordi n_? to c|laimil4 \Aqk{)er‘ei n ghgo R~ ocessi ng
cont ai ner haslé | oWertheridaloperiessnat WAt | asreTAie% d 00 i ANV be opéhed and
cl osed by a I\;Vﬂﬁrémnber, and the bottom heater is supported by the Iid
menber. 16. A thermal processing uni ccordi to_claj 4 -Wﬁgr i Qg the
bottom heater is supgoreadtnpyng "'I’ittwgoﬁ'ar qag% B'fraﬁﬂga rPrﬁ:ac_)(\:l‘ecsm ngfl d
cont ai ner. 17b%ﬁbﬁh96ﬁﬁin Bf @€ THjE@-tiorbé-precassd rtwpldimgauyit dnsested 01 to
16, wherein the processing, contajner consi oA pUrass. st eel
or alum num tﬁ%Pr%eﬁﬁagrFQ?‘tEHPS'égbgienr‘?ﬁtoﬁﬁi?}e%g%crg%aél gr%ecz)b%ny of clains 1 to
17, wherein the objects to be processed are heated to a range of 50 to 600
c 15. A thermal processing unit according to claim 14, wherein

the processing container has a lower-end opening,

the lower-end opening can be opened and closed by a lid

member, and
the bottom heater is supported by the lid member.

16. A thermal processing unit according to claim 14, wherein
the bottom heater is supported by a ceiling portion of the

processing container.

17. A thermal processing unit according to any of claims 1 to 16,

wherein
the processing container consists of gquartz, stainless steel or

aluminum.,

18. A thermal processing unit according to any of claims 1 to 17,

wherein
the objects to be processed are heated to a range of 50 to 600

°C.



