1 HEAT TREATMENT APPARATUS AND HEAT TREATMENT METHOD
BACKGROUND OF THE I NVENTION Field of the Invention 5
The present invention relates to a heat treatnent
apparatus for subjecting substﬁat es such as

sem conductor wafers to a heat treatnment process, and
a heat treatnent nethod therefor. 10 Background Art
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a vertical heat treatnment apparatus is used, in which
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includes a plurality of vertically divided zones to be heated. In

order that the temperatures in the respective zones can be

separately controlled, the heat treatment apparatus also

25 includes a plurality of heating means, and a plurality of
temperature control means corresponding thereto.

The inventors of the present invention have studied a

vertical heat treatment apparatus shown in Fig. 8, in which a

carbon wire heater is used as heating means. In Fig. 8, the

30 reference number 101 represents a reaction vessel having a

lower opening 102. A heating mechanism 200, which is divided

into, e.qg., three heaters, is disposed around the reaction vessel

101. The heating mechanism 200 includes a main heater 202

for heating a larger part of a heat treatment area, a sub-heater

35 = 201 provided above the main heater 202, and a sub-heater 203

provided below the main heater 202. When a wafer boat 103




hol ding thereon a plurality of wafers Win a tier-Ilike
manner is |loaded into the reaction vessel 101 through
the opening 102, the opening 102 is closed by a cover
104 di sposed on a lower end of the wafer boat 103.
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25 lower than the temperature near the main heater 202. This is
because the temperature near the lowermost sub-heater 203 is
affected by an outside atmosphere flowing into the reaction
vessel 101 through the opening 102. In this state, the cooled
wafers W and the wafer boat 103 (of a lower temperature than

30 that in the reaction vessel 101) are loaded into the reaction
vessel 101 through the opening 102, and then the temperature
near the sub-heater 203 is further fowered. Thereafter, as the
wafer boat 102 is elevated, the temperatures near the main
heater 202 and the uppermost sub-heater 201 are lowered.

35 That is, in the reaction vessel 101, the temperature near
‘the uppermost sub-heater 201 is the highest, while the




3 tenperature near the | owernost heater 203 is the
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25 The temperature control of the uppermost sub-heater
201 and the temperature control of the main heater 202 are
also separate and different from each other. Therefore, there
arises a problem in that it takes a long time for the temperature
near the heater 200 to become stable, after the wafer boat 103

30 is completely loaded into the reaction vessel 101. After the
wafer boat 103 is completely loaded into the reaction vessel 101,
the inside of the reaction vessel 101 is generally heated to a
predetermined process temperature. At this time, unless the
temperature in the reaction vessel 101 has been stabilized

35 before the reaction vessel 101 is heated, it takes a long time to
obtain a stabilized process temperature, which results in a poor




obtain a stabilized process tenperature, which results
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25 the control signal for controlling the corresponding heating
means.

In the heat treatment apparatus, each of the temperature
detecting part may include a first temperature detector for
detecting a temperature near the corresponding heating means,

30 and the detected temperature value detected by the
temperature detecting part corresponding to another zone may
be a detected temperature value detected by the first
temperature detector.

In the heat treatment apparatus, each of the temperature
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detecting a temperature in the corresponding zone of the




detecting a tenperature in the correspondi ng zone of
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35 In the heat treatnent apparatus, the first
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25 be of a vertical type and the substrate holder is loaded into the
reaction vessel from a lower part thereof, the reaction vessel
may be vertically divided into at least three zones in which the
certain zone is a lowermost zone and another zone is a zone
other than an uppermost one.

30 The present invention is a heat treatment method for
subjecting substrates to a heat treatment, by loading a
substrate holder holding thereon a plurality of substrates into a
reaction vessel divided into a plurality of zones, and heating the
plurality of zones by heating means respectively corresponding

35 thereto, comprising the steps of: detecting a temperature value
corresponding to each of the zones; and controlling each of the




plurality of zones by heating nmeans respectively
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or a value calculated by adding a correction value to the target
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According to the present invention, the temperature
control for the certain zone follows the temperature control for
another zone, when the substrates are loaded into the reaction
vessel. Thus, the temperature in the reaction vessel can

35 promptly become stable after the substrates are loaded
thereinto. = Thereafter, the reaction vessel is heated to a
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Fig. 6 is a view illustrating operations of the first
calculation part;

Fig. 7 is a view illustrating temperature changes of
respective outer thermocouples when a wafer boat is loaded
25 into a reaction vessel; and
Fig. 8 is a longitudinal cross-sectional view showing a
general structure of a conventional heat treatment apparatus.

DETAILED DESCRIPTION OF THE INVENTION
30 Fig. 1 is a general structure view of an embodiment in
which the present invention is applied to a vertical type heat
treatment apparatus. The general structure of the vertical type
heat treatment apparatus is briefly described in the first place.
The heat treatment apparatus includes a reaction tube 1 of a
35 dual structure made of quartz, for example. The reaction tube
1 has an inner tube 1a having both opened ends, and an outer




The heat treatnent apparatus includes a reaction tube

1 of a 35 dual structure made of quartz, for exanple.

The reaction tube 1 has an inner tube |a having both
opened ends, and an outer 9 tuge |b having a closed

upper end. The interior of the reaction tube 1 is
vertically divided into three zones ZI, Z2, and Z3. A
cytiubarikzdiaviegt aiclosedt ippenarr The inisator of the Peaction
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about 10 microns, in ceramics such as a transparent guartz tube
having an outer diameter of about 10 mm to 20 mm. However,
a material of the heating mechanism 3 is not limited thereto,
and the heating mechanism 3 may be made of a metal member
30 of, e.g., iron - tantalum - carbon alloy.

The inner tube 1a and the outer tube 1b are supported
on a cylindrical manifold 23 at lower ends thereof. A gas
supply tube 24 and an exhaust tube 25 are connected to the
manifold 23. A gas supply opening of the gas supply tube 24 is

35 formed in a lower region inside the inner tube 1a. The exhaust
tube 25 has one end connected to a vacuum pump (not shown)




supply tube 24 and an exhaust tube 25 are connected to

the manifold 23. A gas supply opening of the gas

supply tube 24 is 35 formed in a | ower region inside

the inner tube la. The exhaustsgtube 25 has one end
connected to a vacuum punp (not shown) 10 such that

gases are discharged through a space between the
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ande8ectingt kemperatures in the respective zones Z;, Zy, and Zs3

heated by the respective three heaters 3a, 3b, and 3¢ of the

25 heating means 3. An outer temperature detecting part 5 is

_disposed near the heating means 3. The outer temperature

detecting part 5 has three outer thermocouples (first

temperature detectors) 5a, 5b, and 5c¢, which are disposed

correspondingly to the respective zones Z;, Z», and Zs near the

30 heaters 3a, 3b, and 3c of the heating means 3, for detecting the

temperatures of the respective heaters 3a, 3b, and 3c of the
heating means 3.

The heat treatment apparatus further includes power

supply mechanism 20 for supplying power to the heating

35 mechanism 3. The power supply mechanism 20 has power

supply parts 20a, 20b, and 20c for supplying power to the




heati ng nmeans 3. The heat treatnent apparatus further

i ncl udes power supply nmechani sm 20 for supplying

power to the heating 35 nechanism 3. The power supply
mechani sm 20 has power supply qarts 20a, 20b, and 20c

for supplying power to the 11 respective heaters 3a,

3b, and 3c disposed correspondingly to the respective
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CORREERIAMMI3L kd b SaRTSdd.e zones Z1 to
25 , The reason for the wiring structures of the heaters 3a, 3b,
and 3c of the heating mechanism 3 and the controlling parts 6,
7, and 8 connected thereto is that there are two calculation
modes, which can be switched to each other, for controlling the
heating mechanism 3. That is, in the former calculation mode,
30 the heaters 3a to 3c corresponding to the respective zones Z; to
Z3 are independently controlled, while in the latter calculation
mode, the heaters 3a and 3c are controlled to follow the
temperature of the heater 3b as a main heater, by using a
detected temperature value detected by the outer thermocouple
35 5b corfesponding to the heater 3b. Referring to Fig. 2, a
control system of the heating mechanism 3, which is a




Z3 are independently controlled, while in the latter

cal cul ation node, the heaters 3a and 3c are

controlled to follow the tenperature of the heater 3b
as a main heater, by using a tected tenperature

val ue detected by the outer thérnocouple 35 5b
corresponding to the heater 3b. Referring to Fig. 2, a
conhrod clgristbenfeb i fe ofiddui § rgnivedinaredrsnis, dedirtbed shelow.
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25 target temperature values which are independently, exclusively

set for the respective zones Z;, Z;, and Zz. Thus, the inner
thermocouple 4a (4b, 4c), the outer thermocouple 5a (5b, 5¢)
and a target value output part 63 (73, 83) are connected to the
second calculation part 62 (72, 82). The control signals
30 calculated by the first calculation parts 61 and 81, or the control
signals calculated by the second calculation parts 62, 72, and
82 are output to the power supply parts 20a, 20b, and 20c of
the power supply mechanism 20. The controlling part 6 (8) has
a switching part 64 (84) which switches the first calculation part
35 61 (81) to the second calculation part 62 (82) and vice versa.
Structures of the first calculation parts 61 and 81 are




second cal cul ation part 62 (72, 82). The contro

signals 30 calculated by the first calculation parts

61 and 81, or the control signals calculated by the
second cal cul ation parts 62, 7 and 82 are output to

the power supply parts 20a, 20b, and 20c of the power
supply mechani sm 20. The controlling part 6 (8) has a
swieskribgddraloss (Sicenboth sthie awsutdttohi patts 61 and 81
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On an output side of the comparison calculation part
811, there is provided a multiplication part 813 for multiplying
an output (deviation) q1, which is output from the comparison
calculation part 811, by a predetermined coefficient k. As
30 described above, since the lowermost zone Zs corresponding to
the controlling part 8 is located nearest the lower opening of the
reaction tube 1, the lowermost zone Z3 is most vulnerable to an
influence of cooled air flowing therein together with the wafer
boat 16. Thus, as compared with the middle zone Z,, the
35 lowermost zone Z; needs a larger heating output for raising the
temperature therein. Taking these circumstances into




an out put (deviation) gl, which is output fromthe
conparison calculation part 811, by a predeterm ned
coefficient k. As 30 described above, since the
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25 4, the reference numbers 821 to 824 respectively represent

comparison calculation parts, Il represents an integral element,

P2 represents a proportion element, and D1 represents a
derivative element.

The controlling part 6 as described above is made of a

30 CPU, a ROM storing therein a program, a memory in which a set

temperature value is recorded, and so on. Alternatively, the

controlling part 6 is operated by a software such as calculation

programs. However, the calculations may be executed by a

hardware in this embodiment. The switching part 84 (64) can

35 switch the first calculation part 81 (61) to the second calculation

part 82 (62) at a timing when a stable temperature in the




P2 represents a proportion elenent, and Dl represents
a derivative elenent. The controlling part 6 as
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about 600°C. As described above, in the controlling parts 6
25 and 8 respectively corresponding to the uppermost and
lowermost zones Z; and Z3, the first operation parts 61 and 81
are selected by the switching parts 64 and 84, such that the -
temperatures in the uppermost and lowermost zones Z; and Z;
are controlled to follow a temperature control of the middle

30 zone Z;.

Since the wafer boat 16 and the wafers W held thereon
are located outside the reaction vessel until then, they are
cooled. Thus, when an upper end of the wafer boat 16 starts to
be loaded into the reaction vessel, the temperature in the

35 lowermost zone Zs of the reaction vessel, which is heated by the
sub-heater 3¢, is once lowered. The temperature in the middle




| ower nost zones Z, and Z3, the first operation parts

61 and 81 are selected by the switching parts 64 and

84, such that the tenperatures in the uppernost and

| ower nost zones Z, and Z3 ontrolled to follow a
tenperature control of the n1 30 zoneZ2 Since the
waf er boat 16 and the wafers VVheId thereon are
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Z2 ot ERenPE LIS b Br e BehiFe i thg cate

t expocator erffen haccompanied with the elevation of the detected

temperature value in the middle zone Z, the temperature of the

25 lowermost sub-heater 3¢ becomes higher. Thereafter, when the

temperature detected by the outer thermocouple 5b in the

middle zone Z; overshoots the target temperature value, the

temperature detected by the outer thermocouple 5b is, in turn,

lowered to provide the target temperature value set for the

30 middle zone Z,. Following the temperature change in the

middle zone Z,, a power supply amount to the sub-heater 3c

corresponding to the lowermost zone Zs is controlled, such that

the temperature of the sub-heater 3c becomes in conformity to

the target temperature value set for the lowermost zone Zz, in

35 response to the temperature of the sub-heater 3b in conformity
to the target temperature value set for the middle zone Z,.




25 | ower nost sub-heater 3c beconmes higher. Thereafter,
when the tenperature detected by the outer

t hernocouple 5b in the mddle zone Z2 overshoots the
target tenperature value, the .}enperature det ect ed by
the outer thernocouple 5b is, 1 turn, Jlowered to
provide the target tenperature value set for the 30
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25 control power supply amounts to the heaters 3a and 3c. At the
time point t3, the reaction vessel starts to be heated to a
predetermined process temperature. Then, at the time point t4
(more exactly, after the respective zones Z; to Z; are stabilized -
at the process temperature), the wafers W are subjected to a

30 heat treatment process. The heat treatment is carried out as
follows. For example, while the temperature in the reaction
vessel is maintained at about 800°C, a predetermined
film-forming gas is supplied into the reaction vessel through the
gas supply tube 23. At the same time, gases in the reaction

35 vessel are exhausted through the exhaust tube 25 to provide a

vacuum of a predetermined degree, so that a film is formed on




second cal culation parts 62 and 82, respectively, .so
as to 25 control power supply anobunts to the heaters
3a and 3c. At the tine point t3, the reaction vesse
starts to be heated to a preggtern ned process
tenperature. Then, at the tinme point t4 (nore
exactly, after the respective zones Z1 to Z3 are
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25 t ehpded uirko othe heeackipactvassel, the temperature near the
sub-heater 3c of the lowermost zone Zs is lowered. However,
since the temperature, which is the target temperature value,
near the main heater 3b of the middle zone Z; is also lowered, a
deviation between the target temperature value and the
30 detected temperature value is diminished, and thus a heat
generation amount of the sub-heater 3c¢ can be moderately
increased. Thereafter, when the temperature near the
sub-heater 3c overshoots the prescribed target temperature
value, the controlling part 8 controls the sub-heater 3c to
35 decrease a heat generation amount thereof (to lower the
temperature thereof). At this time, as compared with a
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zones Z1 to Z3 can be pronptly stabilized at the

target tenperature val ues. For exanple, when the

waf er boat 16 is 25 |loaded into the reaction vessel,

the tenperature near the subsheater 3c of the

| ower nost zone Z3 is | owered. However, since the
tenperature, which is the target tenperature val ue,
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degremplie, ansi cémpateal withemn dnflvences givenvéozthesmiddle

e Pt o (o HTWEGCars Filen. 16 00 Hrlenifbst 2ote 2,

r eadtileona vieggelr. influeheealiovgiverbodi e , loveermost zone Zs.
ﬁixﬁﬁﬁ'g?’thaes SATRALTY A" il gl Y EAC Fn FnEERohrd g part 6
for the uppermost zone Z; is set to be 0.8, while the follow-up
ratio incorporated in the controlling part 8 for the lowermost
zone Zsz is set to be 1.2.
Fig. 6 shows a variation of the detected temperature
value detected by outer thermocouple 5b of the middle zone Z;,
and the detected temperature values of the uppermost zone Z;
with follow-up ratios being varied at 5%, 30%, and 100%. As
understood from Fig. 6, the higher the follow-up ratio is, the
larger the variation of the detected temperature value detected
by the outer thermocouple 5a of the uppermost zone Z;
becomes. On the other hand, the lower the follow-up ratio is,
the smaller the variation of the detected temperature value




zone Z2, a smaller influence is given to the uppernost

zone Z1, while a larger influence is given to the

| ower nost zone Z3. Thus, the followup ratio

i ncorporated in the controlligqjopart 6 25 for the

uppernost zone Z1 is set to b .8, while the

followup ratio incorporated in the controlling part
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25 into the reaction vessel.

In the above description of the first calculation parts 61
and 81, the output (deviation) q1 is multiplied by the
predetermined constant coefficient k as a follow-up control ratio
for each of the uppermost and lowermost zones Z; and Zs with

30 respect to the middle zone Z,. However, while the wafer boat
16 is elevated, the coefficient k may be changed in accordance
with the position of the wafer boat 16. In this embodiment,
when the wafers W are loaded into the reaction vessel, the
controlling parts 6, 7, and 8 may read the detected temperature

35 values detected by the inner thermocouples 4a to 4c
corresponding to the respective controlling parts 6 to 8. The




boat 16, it took about 13 minutes for the tenperatures

near the respective heaters 3a to 3c to becone

stable. That is, only a short time is needed for the
tenperatures in the respectlvez zones Z1 to Z3 to

becone stable, when the wafers are |loaded 25 into

the reaction vessel. In the above description of the
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as a target tenperature value. As described above,

according to the present invention, 15 when

subj ecting substrates in a heat treatnent atnosphere

which is divided into a plurality of zones, the

tenperatures in the respective zones can be pronptly

stabilized so that an inproved throughput can be
provi ded. 20 :

20




22 CLAIMS 1. A heat treatnent apparatus conprising: a
reaction vessel divided into a plurality of zones; a
substrate holder to be |oaded into the reaction
vessel, for hol ding thereon 3 plurality of

substrates; heating nmeans provided at the respective
zones; tenperature detecting parts provided at the
respective zones; and contCoAIMSg parts provi ded at
the respective zones, for independently controlling
the respective heating neans; wherein the controlling

part cork ¢ésgadndieagntentaappatratus zomprisiegudes a first
cal cul atJ an

rt for_ calculati.ng a cqntr si.gnal
Chen't e EEalabh, velsditafuibNars WA fty, B Htes;
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det ect eg b¥ the ten‘pﬁ%r ature detecti ng F‘g‘%ﬁ i
corresp REraires ARtREFING RATTEN B IBY tphdhegespective
- congri@; angnal for controlling the corresponding
heati ng neans...2. The heat treatnent, appar at
heaor ar i TBOMIAg (PaTts vATOVAfRde AEn tBE. FREDEGIIE: ZARSS, for
dereidpaiad @ty | sehuedting fithet rkepeetidieur chealstiggt omeans;

for detecting a tenperature near the corresponding
heh€h§Mreans, and the detected tenperature val ue

det ect eﬂtfgﬁ’ t@ﬁ%ﬁoﬁmﬁg{ aiante cdﬁ{r_égbbﬁgiiﬁ)gr :tod a certain zone
Correspondi (0] n er zone S a et ecle .
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the reaction vessel, and the det&cééok&%f &e erature
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detected by the temperature detecting part corresponding to
another zone, and outputting the control signal for controlling
the corresponding heating means.

2. The heat treatment apparatus according to claim 1,
wherein .

each of the temperature detecting part includes a first
temperature detector for detecting a temperature near the
corresponding heating means, and the detected temperature
value detected by the temperature detecting part corresponding
to another zone is a detected temperature value detected by the
first temperature detector.

3. The heat treatment apparatus according to claim 1,
wherein |

~each of the temperature detecting part includes a second
temperature detector for detecting a temperature in the
corresponding zone of the reaction vessel, and the detected




corresponding to another zone is a detected

tenperature value detected by the second tenperature
detector. 4. The heat treatnent apparatus according to
claiml, wherein the control bikng part correspondi ng

to the certain zone further includes a second

calculation part for calculating a control signal,
whisgmipleda buikes tvad ties deteckad e tidd tenapaetiuret debecking part

pr t t t emper I l.ue set

ForStig o0, 08 ANl PRhe B BChER Gt detiofBture value
vatletecteet byt bpcohd temperature déteetdét.ng part
corresponding to the certain zone, and outputting the
control signal for controlling the corresponding

hedt i ng Tieanhedt treathmait tappbrenis appeseding to claim 1,
according to claiml1l, wherein each of the tenperature
deYeld part includes the first tenperature
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0 e .Co ro In

fipst .calculation. par t part
cob A PIRET MY ASESoh D%k d SR Himdacaet eperaturmvalie set
si fmal the \Mcerntaltilmebmbét s thee d@t&ﬂ?édl nﬁembt@@ature value
regcti on SS usi.ng as a targe enper at ur e,,
vangtetiad Boihs tethneiarlfaidefciid Ranateanopgingdo the
fi certdianmeenal uaed deuestttingr theecsrRa@dsidreaiPes Atedtrolling
detector corre ﬁi?quﬁ'to anot her zone, and outputs
th h%dﬁFf%ﬁpgpé IRGAPFENSi ng t he correspondi ng
heati ng nmeans, and the controlling part correspondi ng
to_t he c$bhain zone further includes the

ti

second ,
caPeul a digat syeatgient a?PHBr%tustoﬁFFBr&é\ggnQ? , Claim 1,
wheyhdregnsubstrates are subjected to a heat treatnent
process, based the target tepperature value et .
Por the EBERah BsnEemmeraturs ABEching hatolfidudes the first
t etpripiratarevaletestsiet Rat atetectine bi n@mperdaiet uhéar the
det ect or _and. t he, 24 second t enpera urﬁadetecto

coFPESRARNTING oNEALNGe, FIEaNS 00 4HE GRGANY | Hgmpfrature
codietettai fomrlddtectiogntar bémpegathee in the corresponding zone

of the reaction vessel,

the first calculation part of the controlling part -
corresponding to the certain zone calculates a control signal,
when the substrates are loaded into the reaction vessel, by
using as a target temperature value, the detected temperature
value detected by the first temperature detector or the second
temperature detector corresponding to another zone, and
outputs the control signal for controlling the corresponding
heating means, and | .

the controlling part corresponding to the certain zone
further includes the second calculation part for calculating a
control signal, when the substrates are subjected to a heat
treatment process, based on the target temperature values set
for the certain zone and the respective detected temperature
values detected by the first temperature detector and the




correspondi ng heating neans. 6. The heat treatnent
apparatus according to claiml1l, wherein the first

cal culation part of the controlling part

corresponding to the certain 3$£e cal cul ates the
control signal based on a deviation between a val ue
obt ai ned by adding a <correction value to the detected

teaaeoatlut@npmrawn@kﬁt@eﬁob)cort'bgpbﬁﬂn@g doutiee certam zone,
detectin ar,t. cor r@ic,‘sondl ng to anoth ﬁyne and

defB¢ e g NS al GRNEERectS48DB . control |“‘19 the

ten:per@wmm@t hetitirg paehneorresponding to the
certain zone, and outputs the control signal for

controlling the corresponding heating neans. 7. The

hegl treTheericappaicititteAECAPBRRELLS GlcebRifhg Jko claim 1,
wher.ei n .when the substrates are subjected to a at

tr ¥SESID  process, the first cal cul ation part of t he

control | g PaFit Q@lé@l%ft%ﬁ“ nsaho the ¢RE! ABNEASYRing  part
uses as the correctlon val ue, i fference between

t hEOFERSRANYiidh dPathe ecoidpia %@%ef@lcw@tescéhﬁacﬂntm{esmnal

anpaised toaf%etdé@mﬂmt beBwEahU@ GRIINeSBeRdidEd LBy adding a
anot her zone. The heat treatnent apparatus

acEBF ReOR oVQ:'FJﬁ ﬁ?ethe fetested tueénper@ftur@n/@umgtd@tﬁcted by
patheofeﬂb%réemé Qﬁéﬂé&nﬁr} PariC ok FSHH ttg)a ther zone

certa al cul at es e contro

a 8 g5ed ?F’ﬁﬂ@/i’%rﬁheV@éUﬁ‘at ﬂ&'ﬂeﬁﬁd\eehy the
a Yéhﬂﬁe%h@énéétébtlﬁédbﬁﬁ td@rré@?bﬁﬂﬁh@” & A dePtdhe zone,

det ec enper at ure va ue detec

MPHt% £PREry) aﬂgnaﬂofqreggaﬁmlhglgt shanermesponding
zop@aemqigtrﬁ@aﬁgt ected tenperature value detected by

the tenperature detecting part corresponding to the
certain zone, by a predetermned ratio. 25 9. The heat

t r gat nentrhappéat U’ére%tﬁ@éﬁtnﬁ pparatas ma%cor&'ﬂ?g ety dieim 6,
reacti on vessel is of a verti cal type and t

suMi®ERIB holder is |oaded into the reacti on vessel
froma | upen pid sUBRFE&Es are subjected to a heat treatment

process, the first calculation part of the controlling part
corresponding to the certain zone uses as the correction value,
a difference between the target temperature value set for the
certain zone and the tafget temperature value corresponding to -
another zone.

8. The heat treatment apparatus according to claim 6,
wherein

the first calculation part of the controlling part
corresponding to the certain zone calculates the control signal,
based on a value obtained by multiplying the deviation between
a value obtained by adding the correction value to the detected
temperature value detected by the temperature detecting part
corresponding to another zone and the detected temperature
value detected by the temperature detecting part correspolnding
to the certain zone, by a predetermined ratio.




the reaction vessel is vertically divided into at

| east three zones in which the certain zone is a

| ower nbst zone and another zone is a zone other than

an uppernost one. 10. A heat bizeat nent et hod for

subj ecting substrates to a héat treatnent, by | oading

a substrate holder holding thereon a plurality of

suBst r atElsei ftaata treatient vappetatlis/i dedordithg ato claim 1,

plukal i of zones, and heating the plurality of zones
bfwﬁgg9pig means respectively correspondi ng thereto,

conpri sithe reactivepsessél isﬁ@ﬂ’fwt\i?«yicaltwmlaﬁgitﬁe substrate
va r.re Lhg to eac 0 .the zones; . an
cohﬁfdoqclfi'ﬁg?‘gégﬁdogw%et af?qﬁ'%aﬂgsﬁﬁieﬁoﬁ 3 lower part

t athyeteoff enperature value and the detected tenperature
val ue oft he

carrespondi ng zope: .wherei,n when t
subst r at B1$ERAS 'Oinsvgﬁﬁﬂiebsgivﬁtr CeHy ﬁb‘ﬁgﬁpowetovégjg?'?t three
t heo hegtinng hietaith ecegrtasi ot s &OlowEahodit kM anid another
control.l ed_b uis#@%L Eﬁls t he tar%et t erature val ue

f of OPfids 2¢& neNag Py nos &t ure val ue

corresponding to another zone. 11. The heat treatnent
nmet hod agccpr dj to clagim 10, erei n_when the
sui@t rat‘g ﬁ@?bg%eﬁgm%ﬂﬂéﬁegm?%m?q{eSP@%F*F'GS_ sybstetes to a
t hneheatreatmeEanh e 0o aeriPrisndsteatehdot@s dioldaRyehicteon a
con{rol Jted-, whi [e tqf)% target te%er ature val Ee for the
cePtHidity; &e Subskratas, dndet & dE@BiPaqdeRgeh divided into a
cophaalitynof aowmes| andchestehgctiod plarRERidf LoNas Uy heating
correspondi ng h.oé'mot her zon‘eir 12. The heat treat merH
rre['mi%\d@ép CHY &Y QraFaPen: 'nwﬁféreéie@z@qmeﬁ'sma the steps
supgtrate holder is |oaded into the reaction vessel,
the heati,n ans_correspopding to the certain zone is
control Igﬁgeé;gi?geaatwpﬁé?g\ﬁ'ﬁeeqf@”@s§9fr%%p‘?'ﬁ@'ng to each of
cothiedonus;vahde, the difference being between the

. the certajn zqgne and

target te rafure val ue t  for
Lhe t ar gEONESTRERaEEFR GLF0E NEBHNG JBRENAGDASEArdR Martarget
zohempeEatuhe vahes raiethay eletedbbdct@thpgcratubeabalue of the
treat nent rP&.OCGSS. . .
corresponding zohe; wherein

when the substrate holder is loaded into the reaction
vessel, the heating means corresponding to a certain zone is
controlled by using, as the target temperature value for the
certain zone, a detected temperature value corresponding to

another zone.

11. The heat treatment method according to claim 10,
wherein | ‘

when the substrate holder is loaded into the reaction
vessel, the heating means corresponding to the certain zone is
_controlled, while the target temperature vaiue for the certain
zone is a value obtained by adding a correction value to the
detected temperature value corresponding to another zone.

12.  The heat treatment method according to claim 11,
wherein




13. The heat treatnent nethod according to claim1l0,
wherei n when the substrate holder is |oaded into the
reaction vessel, the heating means corresponding to
the certain zone is controll § in accordance with a
control signal calcul ated base on a val ue obtai ned
by multiplying a deviation by a predeterm ned rati o,
t he deviwheon thei sy bstrakenholerds eboadied t amoe rtdteurmeaction

LT ST

c ot e pdiedi, ney hike emminfferrenaeeism.lﬁd/absetmal@oﬂretmbrbwaiue

Vgﬂt@g%lﬁergﬂ EoBEIRG BEtWEhOthd %Rt e SIS Value set
for the certain zone and the target temperature value
corresponding to another zone when the substrates are
subjected to a heat treatment process.

13. The heat treatment method according to claim 10,
wherein

when the substrate holder is loaded into the reaction
vessel, the heating means corresponding to the certain zone is
controlled in accordance with a control signal calculated based
on a value obtained by multiplying a deviation by a
predetermined ratio, the deviation being between the detected
temperature value of the certain zone and a target temperature
value calculated by the detected temperature value
corresponding to another zone or a value calculated by adding a
correction value to the target temperature value.




