1 HEAT TREATMENT METHOD AND APPARATUS THEREFOR
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heats the objects to be processed at a heat generation amount
which is set based on temperature data detected by a
temperature sensor disposed in the processing vessel.

25 When semiconductor wafers are subjected to a heat
treatment, both a high intrafilm uniformity in the temperature
of each of the semiconductor wafers and a high interfilm
uniformity in the temperature among the semiconductor wafers
at different vertical levels are needed, so as to achieve a

30 uniform film quality and desired features of each film. In order
to meet such requirements, the inside of the processing vessel
is vertically divided into a plurality of heating zones, and objects
to be processed disposed in each of the heating zones are
heated at a corresponding‘ heat generation amount.

35 In the heat treatment apparatus as constituted above,
the temperature sensor includes a straight, vertically extending




2 protective tube nmade of, e.g., quartz glass, and
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The present invention is a heat treatment method for
25 subjecting an object to be processed to a predetermined heat
treatment, comprising the steps of: loading into a processing
vessel a holder vertically holding a plurality of objects to be
processed with a predetermined gap therebetween; and
operating heating means disposed on the processing vessel to
30 generate a target heat generation amount, so as to heat the
objects to be processed; wherein the heating means is operated
to generate the target heat generation amount which is
obtained by the following steps (1) to (3),
(1) after operating the heating means to generate a
35 reference heat generation amount which is set such that the
objects to be processed have a target heating temperature,




35 reference heat generation anount which is set such
that the objects to be processed have a target
heati ng tenperature, 3 detecting a controlled
tenperature of the objects to he processed by a first
tenperature sensor for controlTing a tenperature
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after the heating means is operated to generate the reference
heat generation amount.

In the heat treatment method, when the target heat
generation amount is obtained, the temperature of the objects
25 - to be processed may be detected by the second temperature
sensor interposed between the objects to be processed at
different vertical levels.

In the heat treatment method, when the target heat
generation amount is obtained, the temperature of the objects
- 30 to be processed may be detected by the second temperature

sensor at center parts of the objects to be processed.

In the heat treatment method, when the target heat
generation amount is obtained, the temperature of the objects
to be processed may be detected by the second temperature

35 sensor at center parts and edge parts of the objects to be
processed. |




generation anmount is obtained, the tenperature of the
objects to be processed nay be detected by the second
tenperature 35 sensor at center parts and edge parts
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25  temperature sensor.

Herein, the phrase "substantially corresponding to"
means that a temperature difference between the target
controlled temperature and the target heating temperature is in
a range within £ 0.5°C to + 1.0°C.

30 In the heat treatment apparatus, the second temperature
sensor may include a straight, vertically extending protective
tube body, and a plurality of branch tubes being vertically
~spaced apart from each other, each of the branch tubes
extending from the protective tube body in a direction

35 perpendicular to an axis of the protective tube body,
thermo-couples may be provided within the branch tubes




sensor may include a straight, vertically extending
protective tube body, and a plurality of branch tubes
being vertically spaced apart from each other, each
of the branch tubes extending.fromthe protective
tube body in a direction 35 pe?pendicular to an axis
of the protective tube body, thernp-couples may be
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the objects to be processed to a heat treatment, the target heat

generation amount is obtained beforehand. In this obtaining -

25 step, the temperature of the objects to be processed can be
detected with high precision by the second temperature sensor
interposed between the objects to be processed. Then, the
reference heat generation amount of the heating means is
corrected based on a temperature difference between the target

30 controlled temperature detected by the second temperature
sensor and the controlled temperature detected by the first
temperature sensor, such that the target controlled temperature
detected by the second temperature sensor substantially
corresponds to a target heating temperature at which the

35 objects to be processed should be subjected to a heat treatment.
Therefore, a heat generation amount of the heating means can



corrected based on a tenperature difference between

the target 30 controlled tenperature detected by the
second tenperature sensor and the controll ed

tenperature detected by the figst tenperature sensor
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Fig. 1 is an'illustrational cross-sectional view
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Fig. 5 is a graph showing changes over time of a
temperature of semiconductor wafers, a temperature detected
by the first temperature sensor, and a temperature detected by
25 the second temperature sensor, when their temperatures are in

a stable condition.
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DETAILED DESCRIPTION OF THE INVENTION
The present invention wili be described hereinbelow with
30 - reference to the drawings, taking a vertical heat treatment
apparatus as an example in which an object to be processed is

subjected to a film-forming process by a CVD method.
Fig. 1 is an illustrational cross-sectional view
schematically showing a structure of an example of a heat

35 treatment apparatus according to the present invention.

The vertical heat treatment apparatus includes a




The present invention will be described herei nbel ow
wth 30 reference to the drawi ngs, taking a vertical
heat treatnment apparatus as an exanple in which an
object to be processed is subjiected to a filmformng
process by a CvVD nethod. Fig. is an illustrational
cross-sectional view schematically show ng a
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ange portion 1

The inner tube 11iA of the processing vessel 11 is
downwardly extended from a lower end surface of the outer
tube 11B, and is inserted to the manifold 12. In this state, the
inner tube 11A is supported by an annular inner tube support
part 14 formed on an inner surface of the manifold 12.

In a vertical cross-section of the processing vessel 11 of
the vertical heat treatment apparatus, a gas supply pipe 15 for
introducing a process gas and an inert gas into the processing
vessel 11 is disposed on one sidewall of the manifold 12. The
-gas suppiy pipe 15 passes air-tightly through the sidewall of the
manifold 12 and extends upwardly in the inner tube 11A. A gas
supply source (not shown) is connected to the gas supply pipe
15.

| An exhaust system 16 for discharging air in the




part 14 formed on an inner surface of the manifold 12.
In a vertical cross-section of the processing vesse

11 of the vertical heat treatnment apparatus, a gas
supply pipe 15 for 30 introduging a process gas and
an inert gas into the processing vessel 11 is disposed
on one sidewall of the manifold 12. The gas supply
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disk-shaped boat support 22A on which the wafer boat 17 is
mounted is integrally disposed on the support member 22 which

25 is connected to rotation driving means 23 disposed beiow the
cover 20.

A heat-insulating tube 24 made of, e.g., quartz is
disposed above the cover 20, with the support member 22
passing through the heat-insulating tube 24.

30 A tubular heater 30 is disposed outside the processing
vessel 11 to surround the same. The tubular heater 30 serves
as heating means for heating the semiconductor wafers
contained in the processing vessel 11 at a predetermined
treatment temperature.

35 The tubular heater 30 includes a cylindrical heat
insulating material (not shown). On an inner surface of the




cover 20. A heat-insulating tube 24 made of, e.g.,
guartz is disposed above the cover 20, with the
support nenber 22 passing through the heat-insul ating
tube 24. 30 A tubular heater 3Q is disposed outside
the processing vessel 11 to strround the sanme. The
tubul ar heater 30 serves as heating neans for heating
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resfiisneacheafithe semiconductor wafers can be subjected to a

heat treatment with a high intrafilm uniformity.
The surface heater 32 has a linear resistance heating
element which is arranged on a plate-like substrate and is
25 -connected to the control part 31.
The first temperature sensor 40 for controlling a
temperature (hereinafter simply referred to as "first
'.temperature sensor") for detecting a controlied temperature of
the semiconductor wafers is disposed in the processing vessel
30 11 of the vertical heat treatment apparatus. A value detected
by the first temperature sensor 40 is referred to for controlling
a heat generation amount of the tubular heater 30 and the
surface heater 32, such that the semiconductor wafers have a
target heating temperature.
35 To be specific, the first temperature sensor 40 passing
air-tightly through a lower wall of the manifold 12 is extended in




el ement which is arranged on a plate-like substrate
and is 25 connected to the control part 31. The first
tenperature sensor 40 for controlling a tenperature
(hereinafter sinply referred tg,as "first tenperature
sensor") for detecting a controlled tenperature of

the sem conductor wafers is disposed in the processing
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tybul r heater fO. The E)_r ot e%til \HeI tubeI é(ljlbhaas s%aﬁ{nos?’naterial
di &N aREOXBPA &hd portion which is sealed by g
45 such as an adhesive. Metal wires of the thermo-couples 42
are led outside through the sealed proximal end portion, and
25 are connected to input terminals of the control part 31 through
compensating lead wires.
The proximal end portion of the protective tube 41 may
be air-tightly sealed. 1In order to prevent the thermo-couples
42 from being oxidized, the protective tube 41 may be filled
30 with an inert gas such as a nitrogen gas (N; gas).
The metal wires of the thermo-couples 42 are
~ respectively inserted in insulating members 44 made of, e.qg.,
alumina ceramics. Each of the insulating members 44 has a
plurality of sleeve-like beads 44A each being 3 mm in length,
35 for example. The beads 44A are continuously arranged in a
longitudinal direction thereof. In Fig. 2, the insulating




and a proximal end portion which is sealed by a
sealing material 45 such as an adhesive. Metal wres
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an axis of the protective tube body 52. Thermo-couples 54 are

- provided within the respective branch tubes 53A, 53B, and 53C

at distal end portions thereof. The protective tube body 52 and

25 the branch tubes 53A, 53B, and 53C together form a protective
tube 51. .

Metal wires of the thermo-couples 54 are respectively
inserted in insulating members 56 made of, e.g., alumina
ceramics. Each of the insulating members 56 has a plurality of

30 sleeve-like beads 56A each being 3 mm in length, for example.
The beads 56A are continuously arranged in a longitudinal
direction thereof.

The distal end portions of the respective branch tubes
53A, 53B, and 53C are closed. A proximal end portion of the

35 protective tube body 52 is sealed. The metal wires of the
thermo-coupies 54 are led outside through the sealed proximal




20 apart fromthe branch tube 53A, and are

hori zontally extended fromthe protective tube body
52 in a direction perpendicular to an axis of the
protective tube body 52. Therng%couples 54 are
provided within the respective“ranch tubes 53A, 53B,
and 53C at distal end portions thereof. The
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50 is positioned in the processing vessel 11.
Before the semiconductor wafers are subjected to a
25 predetermined heat treatment, the second temperature sensor
50 is used for obtaining a target heat generation amount of the
tubuiar heater 32 (for carrying out an operatidn for obtaining a
target heat generation amount).
‘The second temperature sensor 50 can be rotated about
30 an axis of the upwardly extending protective tube body 52. In
order to carry out the operation for obtaining a target heat
generation amount, the protective tube body 52 is rotated about
its axis, so that the branch tubes 53A, 53B, and 53C are
respectively interposed between the semiconductor wafers held
35 by the wafer boat 17, which are located at vertically
corresponding positions to the branch tubes 53A, 53B, and 53C.




proxi mal end portion of the protective tube body 52 of

the protective tube 51, nore specifically, on a
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Iovvest t iy r Beptadegatment method ?o:pr%%erﬁlsc%nduct%r wafers
carried out in the vertical heat treatment apparatus as
constituted above will be described below. ' :

25 First, semiconductor wafers are transferred to the wafer
boat 17 in the loading area L. The wafer boat 17 holding
therein the semiconductor wafers is mounted on the boat
support 22A. In this state, the cover 20 is located on a
lowermost position. Then, the cover 20 is upwardly driven by

30 the elevating mechanism 21, so that the wafer boat 17 is loaded -
into the processing vessel 11 through the lower opening 11C,
Next, the lower opening 11C of the processing vessel 11 is
air-tightly closed by the cover 20. By operating the exhaust
means, the pressure in the processing vessel 11 is reduced to a

35 predetermined value such as about 6 x 10"* Pa. Imitational

semiconductor wafers (dummy wafers) are mounted on, for




tube 53C of the second tenperature sensor 50 is
positioned on an upper space of a | owernost one of
the sem conductor wafers to be processed. The second
branch tube 53B, which is located vertically between
the first branch tube 53A and Yhe third 20 branch tube
53C, is positioned on an upper space of a central one

of eikBen SR PP G5t V@ DWErrRe sk’ SERFEEbf Ahbealafer boat
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11 is air-tightly closed by the cover By
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150" (he t LC, BfS. (foftrioels reifipleraup® et R By Nthe first
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the respective branch B,,
i nt er pos&tErain; iben "substamiiaBwasiatle vﬁ?@@lqﬂ ‘means that a

d' f\fa‘%—rﬂian%rf“t 8l cbﬁ‘(f}il?ed 1Eerﬁife'l'a eBelidl "9y e first
rrperaturels eecte t te erature
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oty FoRebnraR RburnSS0ES T el qrangg, S perating
hatdeytubular heater 30 and the surface heater 32, the controlled
temperature generally becomes stable in a satisfactory manner.
The controlled temperature detected by the respective
25 thermo-couples 42 of the first temperature sensor 40, and the
target controlled temperature detected by the respective
thermo-couples 54 of the second temperature sensor 50 are
input to the control part 3i. When the target controlled
temperature detected by the second temperature sensor 50
30 substantially corresponds to the target heating temperature at
which the semiconductor wafers should be heated, temperature
data at corresponding vertical levels are compared to each other
by the control part 31.
On the other hand, when the target controlied
35 temperature detected by the second temperature sensor 50

does not substantially correspond the target heating
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predeterm ned target heating tenperature. 15 After the
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In the above- descrlbed vertical heat treatment apparatus,
in order to subject the semiconductor wafers to a heat
treatment, the target heat generation amount is obtained
beforehand. In this obtaining step, the temperature of the
semiconductor wafers can be detected with high precision by
the second temperature sensor 50. Accordingly, the reference
heat generation amount can be corrected based on a
temperature difference betfween the target controlled
temperature detected by the second temperature sensor 50 and
the controlled temperature detected by the first temperature
sensor 40, such that the target controlled temperature detected
by the second temperature sensor 50 substantially corresponds
to the target heating temperature at which the semiconductor
wafers shouid be subjected to a heat treatment. Since the heat

generation amount of the tubular heater 30 and the surface
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The sane operation as above is carried out for the
sem conduct or wafers positioned in the heating zones
Z2 and Z3. 15 Thereafter, the second tenperature
sensor 50 is rotated such that.the branch tubes 53A,
53B, and 53C are withdrawn fr bet ween t he

sem conduct or wafers. Then, with the wafer boat 17
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carried out. Therefore, it is possible to securely
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regsp, ane 5P¥2treach points corresponding to the center parts of
the semiconductors. Accordingly, substantially only emitted
lights from the semiconductor wafers can be detected, which
results in a temperature detection of the semiconductor wafers
with high precision. '

The thermo-couples 54, 54, and 54 of the second
temperature sensor 50 are provided within the respective
branch tubes 53A, 53B, and 53C. That is, the meta! wires or
the like of the thermo-couples 54 are not exposed to an
atmosphere in the processing vesse! 11, which securely
prevents metal contaminations and particles from adhering on
the semiconductor wafers. Thus, there is no need for quartz
tools to be changed or cleaned after the target heat generation
is set, which may be necessary when a temperature of the




10 generation anmount of the tubular heater 30 and the
surface heater 32 can be controlled with precision.
Since the respective branch tubes 53A, 53B, and 53C of
the second tenperature sensor ,50 are interposed
between the semi conductor waflérs at different
vertical levels, the 15 tenperatures at different
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proximal end portion of the protectzve tube 41 may be

air-tightly sealed.

25 : EXAMPLE
An experiment conducted by using the vertical heat
treatment apparatus having a constitution shown in Fig. 1 will
be described below.
Twenty-five pieces of semiconductor wafers each having a
30 diameter of 200 mm were vertically mounted on a wafer boat 17
in a tier-like manner at pitches of 15.6 mm, with dummy wafers
being mounted on uppermost and lowermost stages of the wafer
boat 17. The wafer boat 17 was loaded into a processing
vessel 11. Then a tubular heater 30 and a surface heater 32
35 were operated to generate a reference heat generation amount
which was set such that all the semiconductor wafers had a




pressure in the processing groove 11 is reduced, the
second tenperature sensor 50 can be securely
prevented frombeing 10 drawn into the processing
vessel 11. In the above enbodi pent, the protective
tube 51 of the second tenperatture sensor 50 is in an
i nert gas atnosphere. However, the interior of the
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conf oldifd a temperature detected by the second temperature
sensor 50, when their temperatures are in a stable condition.

The embodiment of the present invention has been
described above. However, the present invention is not limited

25 to the embodiment, and various changes and modification can
be made within the scope of the present invention.

For example, the number of the branch tubes of the
second temperature sensor, positions to which the branch tubes
are inserted, and other structure are not particularly limited.

30 They may be suitably changed in accordance with the number
and dimensions (outer diameter size) of objects to be processed
which are simultaneously treated.

In the above embodiment, the branch tubes of the
second temperature sensor are positioned such that the branch

35 tubes respectively correspond to the heating zones heated by
the tubular heater. However, they are not necessarily




tenperature detected by the second tenperature sensor
50 was 803C. Then, a target heat generation anount
was set by 10 correcting the reference heat
generation anmount, based on a , {enperature difference
of 3C between the target controlled tenperature and
the controlled tenperature, in order that the
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-he In the heat treatment method according to the present
invention, in order to subject the objects to be processed to a
heat treatment, the target heat generation amount is obtained

25 Dbeforehand. In this obtaining step, the temperature of the
objects to be processed can be detected with high precision by
the second temperature sensor interposed between the objects
to be processed. Accordingly, the reference heat generation
amount can be corrected based on a temperature difference

30 between the target controlled temperature detected by the
second temperature sensor and the controlled temperature
detected by the first temperature sensor, such that the target
controlled temperature detected by the second temperature
sensor substantially corresponds to the target heating

35 temperature at which the objects to be processed should be
subjected to a heat treatment. Since the heat generation




5 di sposed positions of the therno-couples are not
limted. For exanple, a plurality of therno-couples
may be horizontally disposed to be spaced apart from
each other in one branch tube.,. More specifically, the
t her no- coupl es are p03|t|onedgﬂxﬁ1that their ends
can reach a center part and an edge part of a wafer.
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treatnent, the target heat generation amount is
obt ai ned 25 beforehand. In this obtai ning step, the
tenperature of the objects to be processed can be
detected with high precision by the second
tenperature sensor interposed between the objects to
be processed. Accordingly, the reference heat
generation anount can be corrected based on a
tenperature difference 30 between the target
controll ed tenperature detected by the second
tenperature sensor and the controlled tenperature
detected by the first tenperature sensor, such that
the target controlled tenperature detected by the
second tenperature sensor substantially corresponds
to the target heating 35 tenperature at which the
objects to be processed should be subjected to a heat
treatnment. Since the heat generation 20 anount of the
heati ng nmeans can be accurately controlled, a desired
heat treatnent can be stably carried out for the
objects




to be processed. In the heat treatnent apparatus
according to the present 5 invention, since the above
heat treatnment nmethod can be securely carried out, a
tenperature of the objects toiag processed can be
detected with high precision. aresult, a heat
~generation anount of the heating nmeans can be
accurately controlled, andQiinIpsghe objects to be
processed can be stably 10 subjected to a desired
heat treatment. 21 CLAIM5S 1. A heat treatnent nethod
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gggra which is vertically extended In
t‘%)r vessel ; (2) detecting a target control | ed
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processed by a first temperature sensor for controlling a
temperature which is vertically extended in the processing
vessel;
(2) detecting a target controlied temperature of the objects
to be processed by a second temperature sensor for correcting a
temperature which is interposed between the objects to be
processed; and
(3) comparing the controlied temperature of the objects to
be processed detected by the first temperature sensor, with the
target controlled temperature detected by the second
temperature sensor, and correcting the reference heat
generation amount based on a temperature difference between
the target controlled temperature and the controlled
temperature, so as to decide the target heat generation
amount.

2. The heat treatment method according to claim 1, wherein
when the target heat generation amount is obtained, the




target controlled tenperature detected by the second
tenperature sensor, and correcting the reference heat
generation anount based on a tenperature difference
between the target controll e% enperature and the
controlled tenperature, so a o decide the target
heat generation anount. 2. The heat treatnent nethod
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heat generation anmount. 3. The heat treatnent nethod

ording,to claiml1 el en th
or at | SHe-RRLTeatHEAT Mathoghace Do G AR L rwherein
obJ egltr Zt t\fheétg etﬁeor@@@etd h@td@éﬁgfﬂgﬁyﬂgﬂm&s@@mamed the
u
bo LRGS0 dher OIRELS, 3ot PEabToesetad 13 dehECtedl by the
t r get:tmat téﬁtlt@ftatweoséh@art ifhtelr?bﬁeé bebgeein thehebjects to
et t.g rg&ﬂ_atl on a Q'j obt ai ned, the _
E’Ee ‘?53? h‘i‘ ettt Lericalleyeleessed i s detected
by t he second t enperature sensor at center parts of

t he obje o be rocessed 5., The tre t men .
hofhod aibg: HRAE treBEMEan: MEthos BFRordente KA, bewherein

heat gengflaém GheAfREGEL heaqbgeheeétuohhsmcﬁm@tatwte.ﬁéd the
the objects to essed Ts, detected sec

t edgBY @Eﬁt@rgeﬁE&heaP erteriophe; prages e'spaﬁt%d'(ﬁcp%y the
t h%e@@h‘%ﬁ?tén?e@tu@é%ﬁi%rd atbeef® borts tgfepid®iBjects to be

met hod acc ng to claim1, wherein the objects to

be PTPE&BEBUar e subjected to a heat treatment, without

the second tenperature sensor being arranged bet ween

the Obj ec o be processed. 7. A heat treat .
Par at uﬂ'ﬁ’t%hﬁﬁtshfﬁatmed‘tpm AGCOEdiNY togﬁﬁlﬂ‘d%r wherein
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temperature of the objects to be processed is detected by the
second temperature sensor at center parts and edge parts of
- the objects to be processed.

6. The heat treatment method according to claim 1, wherein

the objects to be treated are subjected to a heat
treatment, without the second temperature sensor being
arranged between the objects to be processed.

7. A heat treatment apparatus comprising:

a processing vessel;

a holder to be loaded into the processing vessel, the
holder vertically holding a plurality of objects to be processed in
horizontal postures with a predetermined gap therebetween;

heating means disposed outside the processing vessel;

a first temperature sensor for controlling a temperature
disposed in the processing vessel, for detecting a controlied




hol der vertically holding a plurality of objects to be
processed in horizontal postures with a predeterm ned
gap therebetween; heating nmeans di sposed outside the
processi ng vessel; a first tenperature sensor for
controlling a tenperature dig%%sed in the processing
vessel, for detecting a controlled 23 tenperature
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plurality of branch tubes being verti'cally spaced
ap&FNSProm each other, each of the branch tubes

extending fromthe protectlve tube body in a

direction pergendl cular to an axis of the protective

t uSe body, eab- Ergiinaentr @ppedatusd apcording néo claim 7,
brw@rélﬁbes respectively, and the branch tubes are
|nterposed bet ween the objects to be processed at

di f f er enth@ergecand | deanperaturencs@nsert ingludeg a straight,

oy DTSy R REIIAg! JrOtBLVE, tUlRE IRy dhd @ plurality of
branch tubes belng vertically spaced apart from each other,
each of the branch tubes extending from the protective tube
body in a direction perpendicular to an axis of the protective
tube body,
thermo-couples are provided within the branch tubes
respectively, and
the branch tubes are interposed between the objects to

be processed at different vertical levels.

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

- the protective tube body of the second temperature
sensor can be rotated about its axis.

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

an annular groove is formed on a circumference of a




sensor can be rotated about its axis. 10. The heat
treatnent apparatus according to claim8, wherein an
annul ar groove is fornmed on a circunference of a 24
proxi mal end portion of the pﬁﬁ{ ective tube body of
the second tenperature sensor?’11. The heat treatnent
apparatus according to claim8, wherein the interior
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12. A temperature sensor for correcting a temperature,
comprising:

a straight, vertically extending protectlve tube body; and

. a plurality of branch tubes being vertically spaced apart

from each other, each of the branch tubes extending from the
protective tube body in a direction perpendicular to an axis of
the protective tube body; wherein

thermo-couples are provided within the branch tubes
respectively, and

the branch tubes are interposed between objects to be
processed at different vertical levels,




