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Pat ent Application No. 2010-136482, filed on Jun. 15, 2010, sure
of which is incorporated herein by referlencé in its Wl@BﬂGi@RQJND
OF THE I NVENTION Field of the Invention: [0002] The present invention

L Sem condu P PRAT RTRGR TRk o PRRIERES 18 ChIFARIER S FRPICETRES

such

15processi ng apparatus. DeMDpPRQCESSING BkRATNG Art: [0003] In the
manuf acturing of a sem conductor integrated circuit, a sem conductor wafer,
conprised of a silicon '

e.g.

5

10

15 -

20

25

30

35 ¢

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of Japanese Patent

- Application No. 2010-136482, filed on Jun. 15, 2010, the

disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION
Field of the Invention:
[0002] The present invention relates to a support structure for
supporting objects to be processed, such as semiconductor
wafers, and to a processing container structure and a
processing apparatus.
Description of the Background Art:
[0003] In the manufacturing of a semiconductor integrated
circuit, a semiconductor wafer, e.g. comprised of a silicon
substrate, is generally subjected to various types of processing,
such as film-forming processing, etching, oxidation, diffusion
processing, modification, removal of a natural oxide film, etc.
Such processing is carried out ‘by using a single-wafer
processing apparatus which processes wafers in a one-by-one
manner, or a batch processing apparatus which processes a
plurality of wafers at a time. When processing of a
semiconductor wafer is carried out e.g. by using a vertical batch
processing apparatus as disclosed e.g. in patent document 1,
semiconductor wafers are first transferred from a cassette,
which can house a plurality of, e.g. about 25, wafers, to a
vertical wafer bo_at where the wafers are supported in multiple
stages.
[0004] The wafer boat can generally hold about 30 to 150
wafers, depending on the wafer size. After the wafer boat,
housing wafers therein, is loaded into an evacuable processing
container from below, the interior of the processing container is
k'e'pt' airtight. A predetermlned heat treatment of the wafers is
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substrate, is generally subjected to various types of processing, 20 such
~as filmformng processing, etching, oxidation, diffusion processing,

nodi fication, renoval of a natural oxide film etc. Such processing is
carried out by using a single-wafer processing apparatus which processes
vafers in a one-by-one manner, or a batch processing apparatus which
processes a 25 pIurallty of wafers at a tlne When proceSS|ng of a
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demand exi sts for reduci ng heat hi stor rocess manuf acturing a

sem conduct dPatRfigyraeed &EFr & @s to rgpeate y Porm one Iayer to a few
‘layers of a film at the atomic or molecular level and which is

capable of performing intended processing without exposing

‘wafers to excessively high temperatures, is therefore becoming
15 more frequently used (patent documents 3 and 4).

[0006] [Patent documents] '

Patent document 1; Japanese Patent Laid-Open Publication No.

H6-275608

Patent document 2: Japanese Patent Laid-Open Publication No.
20 2004-006551 | |

Patent document 3: Japanese Patent Laid-Open Publication No.

H6-45256

Patent document 4: Japanese Patent Laid-Open Publication No.

H11-87341
25 :

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide a

support structure, a processing container structure and a

processing apparatus, which can prevent the occurrence of a
30 turbulent gas flow. in the top and bottom areas of the support

~ structure which supports objects to be processed, thereby

enhancing the in-plane uniformity of the thickness of a film

formed and the quality of the film.

[0008] In order to achieve the object, the present invention
35 provides a support structure for supporting a plurality of objects

to be processed and to be disposed in a processing container



10 An ALD net hod, which involves intermttently supplying a raw materi al
gas, etc. so as to repeatedly formone layer to a few layers of a film at
the atom c or nol ecular |evel and which is capable of perform ng intended
processi ng w t hout exposi-ng wafers to excessively high tenperatures, is
therefore becom ng 15 nore frequently usSed (patent docunents 3 and 4).

[ 0006] [Patent docunments] Patent docunent 1: Japanese Patent Laid-Qpen
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prevent the occurrence. of e% 30 _turbul.ent gas fl oye/ in the top and bottom
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and the quali t%EOf .th
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the top plate section as well as a distance between the
10 lowermost support portion of the support portions of each
support post and the bottom section are set not more than the
pitch of the support portions. |
[0009] The support structure can prevent the occurrence of a
turbulent gas flow in the top and bottom areas of the processing
15 container structure, thereby preventing a decrease in the
in-plane uniformity of the thickness of a film formed and a
decrease in the quality of the film.
[0010] The present invention also provides a processing
container structure for houSing a plurality of objects to be
20 processed and in which a processing gas flows horizontally from
one side to the opposite side, comprising: a quartz processing
container with a closed top and an open bottom, configured to
house the objects to be processed which are supported in a
support structure; a nozzie housing area for housing a gas
25 nozzle, provided on one side of the processing container along
the longitudinal direction; and a slit-like exhaust port provided
in the side wall of the processing container along the
longitudinal direction at a positi'on opposite the nozzle housing
area, the upper end of the exhaust port being at the same or a
30 higher level than the upper end of the support structure, and
the lower end of the exhaust port being at the same or a lower
level than the lower end of the support structure.
[0011] According to the processing container structure, a gas
that has flown horizontally through the spaces between the
35 processing 'objects supported in the support structure is
- discharged, without change in the flow direction, from the



structure in which a processing gas flows horizontally fromone side to the
opposite side, conprising: a top plate section; a bottom section; and a
plurality of support posts connecting the top plate section and the bottom
section, wherein a plurality of 5 support portions for supporting the

Qbj ects to be processed areforned in eadh support post at a predeterm ned
pitch along the longitudinal direction, and a di stance between the topnost

support portj.pn.,of the support, portions of each support post and the top
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t han t he upp?r en o% the support structure, and the |ower end of the
exhaust por ELB&HGEatOT B ing the gRdeCie el benaroceesed\id MBIt t he
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a gas that has flown horizontally through the spaces between the
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wi thout chamggzie Foe fit@eddiciegt iPNgar eAtd hehe processing container
structure; an exhaust means for exhausting the atmosphere in

the processing container structure; and a heating means for
heating the processing objects, wherein the processing

20 container structure comprises a quartz. processing container
with a closed top and an open bottorh, configured to house the
objects to be processed which are supported in a support
structure; a nozzle housing area for housing the gas nozzle,
provided on one side of the processing container along the

25 I'ongitudinal direction; and a slit-like exhaust port provided in
the side wall of the processing container along the longitudinal
direction at a position opposite the nozzle housing area, the
upper end of the exhaust port being at the same or a higher
level than the upper end of the support structure, and the lower

30 end of the exhaust port 'being at the same or a lower level than
the lower end of the support structure, and wherein the support
structure comprises a top plate section; a bottom section; and a
plurality of support posts connecting the top plate section and

the bottom section, wherein a plurality of support portions for

35 supporting the objects to be processed are formed in each
support post at a predetermined pitch along the longitudinal



4, slit-1ike exhaust port. This can prevent the occurrence of a turbul ent
gas flowin the top and bottom areas of the processing container structure,
t hereby preventing a decrease in the in-plane uniformty of the thickness
of afilmfornmed and a 5decrease in the quality of the film [0012] The
present invention also provides a processing apparatus for carrying out
predeterm ned processing of a plurality of objects to be processed,
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occurrence oft€se % preventing a decrease in the m—p?arﬁ)e uniformity of the

thickness of a film formed and a decrease in the quality of the

film.

According to the present invention, the occurrence of a

25 turbulent gas flow can be prevented in the top and bottom areas

of the processing container structure. This can 'prevent a

decrease in the in-plane uniformity of the thickness of a film

formed and a decrease in the quality of the film.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a vertical sectional view of an exemplary
‘processing apparatus including a support structure according to
the present invention;
_ FIG. 2 is a cross-sectional view of a processing container
35 structure portion of the processing apparatus;
FIG. 3 is a perspective view of the processing container;



turbul.ent gas flow can be prevented in the top.and bottom areas of the
support structure. This can prevent a decrease in the in-plane uniformty
of the thickness of a filmforned and a decrease in the quality of the
film 15According to the present invention, a gas that has fl own

hori zontal Iy through the spaces between6processi ng objects supported in the
support structure i s discharged, vm'thout change in the flow direction, from
the slit-1ike exhg&:&t ort This can nt t he occurre ch_. of a turPuI ent
gas flowin the 26Pop™ dRcP bQ)'tatnoPﬁ'PaWe 'rtsﬁe SUFHY YoAt AHREPT
structure, sbm@tmrepae(v@mmggt@ttlecpmu mvdretion- pl ane uni form' ty of the
t hi ckness of afll formed and a decrease in_.th ual i of the f
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fl ow can betheesgppeet strudtarédp and bottom areas of t he processing

contain structurg TEIS can %eﬂ&t a decre e in the in- Iane uniformty
of the thickness 6£C ISm& d? Ve Yj'@cWe s&@ iIP3Ge i )CHRDERe

film 30BRI gEoDﬁ%BIIHTé(H\éélEréﬂﬁnDE@\gt@ﬁﬁ [0014] FIG 1 is a verti cal
sectional view of ex (o ara us j ncl, udi a support
structure accor di ﬁg&ﬁo ?Eg ;tr% e;n&é%%rgn rap SEOW'”Q g%%irefLﬂg

Cross- sectl@rﬁaéxpreﬁme)fﬁtsacahqed%um);cgmr?g e §5e§ér?t1?r?]‘wéﬁtlbwtl0n of t he
ocessi n a ar a rspecti ve, vi ew 0O rocessi n
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per spective view alj praovided_in the s ppor ructure;
i s a perspective gl@w & 18 SpRlancoiiew n%?’rb"érSEFGU E@JA% _?fetai ni ng

stand; support structure according to the present invention;
' FIG. 10 is a plan view of a third embodiment of a suppo'rt
structure according to the present invention;
15 FIG. 11 is a schematic view of a processing container
| according to a fourth embodiment of the present invention:
FIG. 12 is a schematic view of a comparative batch
processing apparatus; and
FIG. 13 is a front view of an exemplary wafer boat.
20 , _
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0015] Preferred embodiments of a support structure, a
processing container structure and a processing apparatus
according to the present invention will now be described in
25 detail with reference to the drawings.
<First Embodiment>
FIG. 1 is a vertical sectional view of an exemplary
processing apparatus including a support structure according to
the present invention; FIG. 2 is a cross-sectional view of a
30 processing container structure portion of the processing
apparatus; FIG. 3 is a perspective view of the processing
container; FIG. 4 is a plan view of a first embodiment of a
support structure according to the present invention; FIG. 5 is a
perspective view of a lid member provided in the support
35 structure; and FIG. 6 is a perspective view of a space cover
member provided in a heat-retaining stand.



- HGS. 7(A) through 7(C) are graphs show ng the results of experinents

carried out by using the present invention; FIGS. 8(A) and 8(B)
are graphs showing the results of 10evaluation of the present invention;
FIG 9 is a plan view of a second enbodi nent of a support structure
according to the present invention; 7 FIG 10 is a plan view of a third
enbodi nent of a support structure according to the present invention;
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present; nv?’&“mam y compr%%sd%scér'obceedssinqg %%%ttalneymé,ttpué t}creer e?&efct)ro the
drawi ng
housing objects to be processed, a lid 36 for hermetically
closing the opening at the lower end of the processing container
structure 34, a support structure 38 for supporting a plurality of
semiconductor wafers W as objects to be processed at a

10 predetermined pitch and which is to be inserted into and
withdrawn from the processing container structure 34, a gas
“introduction means 40 for introducing a necessary gas into the
processing container structure 34, an exhaust means 41 for
exhausting the atmosphere in the processing container structure

15 34, and a heating means 42 for heating the semiconductor
wafers W.

[0017] The processing container structure 34 is mainly
comprised of a cylindrical processing container 44 with a closed
top and an open bottom, and a cylindrical cover container 46

20 with a closed top and an open bottom, covering the exterior of
the processing container 44. The processing container 44 and
the cover container 46 are both composed of quartz which is
resistant to heat, and are coaxially arranged in a double tube
structure.

25 [0018] The ceiling portion of the processing container 44 is
formed flatly,. A nozzle housing area 48 for housing the
below-described gas nozzles is formed on one side of the
processing container 44 along the longitudinal direction. As
shown in FIG. 2, the nozzle housing area 48 is formed inside an

30 outwardly-bulging portion 50 of the side wall of the processing
container 44,

[0019] A slit-like exhaust port 52 (see FIG. 3), whose width L1
is constant along the longitudinal direction (vertical direction),
is formed in .the side wall of the processing container 44 -at a

35 position opposite the nozzle housing area 48 so that the

atmosphere in the processing container 44 can be exhausted.



<Fi r st. Enbodi nent > FIG 1 is a vertical sectional view of an

exenpl ary processing apparatus including a support structure according to
the present invention; FIG 2 is a cross-sectional view of a 30 processing
cont ai ner structure portion of the processing apparatus; FIG 3 is a
perspective view of the processing contdner; FIG 4 is a plan view of a
first enbodi mnent of a support structure according to the present invention;
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Lgp%éu?g?é&ggﬂggy&%elk shown in FIG 2, the nozzle housing area 48 is

: [0021] The manifold 54 has, at its upper end, a flange portion
56 on which the lower end of the cover container 46 is mounted

20 and supported. A sealing member 58, such as an O-ring, is
interposed between the flange portion 56 and the lower end of
the cover container 46 to keep the interior of the cover
container 46 in a hermetic condition. Further, a ring-shaped
support portion 60 is provided on an upper portion of the

25 interior wall of the manifold 54, and the lower end of the
processing container 44 is mounted and supported on the
support portion 60. The lid 36 is hermetically mounted to the
bottom opening of the manifold 54 via a sealing member 62,
such as an O-ring, to hermetically close the bottom opening side

30 of the processing container structure 34, i.e. the opening of the
manifold 54. The lid 36 is, for example, formed of stainless
steel.
[0022] A rotating shaft 66, penetrating though the lid 36, is
provided via a magnetic fluid sealing portion 64 in the center of

35 the lid 36. The lower end of the rotating shaft 66 is rotatably

supported on the arm 68A of a lifting means 68 comprised of a



30 outwardly-bul ging portion 50 of the side wall of the processing
container 44. [0019] A slit-like exhaust port 52 (see FIG 3), whose width
Li is constant along the longitudinal direction (vertical direction), is
formed in the side wall of the processing container 44 at a 35position
opposite the nozzl e housing area 48 so that the atnopsphere in the N
processi ng contai ner 44 can be exhausted. 8 The length of the slit-1like
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structure 34,is supported by a cylindrical manifold 54 e.g. nade of
stainl ess sgg'éﬁlqt‘{rgog&] The manifold 54 has, at its upper end, a flange

portionl0 [0023] The quartz heat-retaining stand 72 includes four support
posts 74 (only two posts are shown in FIGS. 1 and 4) mounted
in an upright position on a base 75 and on which the support
structure 38 is mounted and supported. The support posts 74
are provided with a plurality of heat-retaining plates 73
15 arranged at appropriate intervals in the longitudinal direction of
the support posts 74. |
[0024] On. the other hand, the gas introduction means 40 for
introducing a gas into the processing container 44 is'-provided in
the manifold 54. More specifically, the gas introduction means
20 40 includes a plurality of, for example three as depicted, quartz
gas nozzles 76, 78, 80. The gas nozzles 76 to 80 are disposed
in the processing container 44 along the longitudinal direction,
and the base end portions of the gas nbzzles,- bent in a letter “L”
shape, penetrate through the manifold 54 and are thus
25 supported. '
[0025] As shown in FIG. 2, the gas nozzles 76 to 80 are
disposed in the nozzle housing area 48 of the processing
container 44 in a line along the circumferential direction. Gas
holes 76A, gas holes 78A and gas holes 80A are formed in the
30 gas nozzles 76, 78 and 80, respectively, at a predetermined
pitch along the longitudinal direction of the nozzles so that a
gas can be ejected in a horizontal direction from each of the gas
holes 76A to 80A. The predetermined pitch of the gas holes
76A to 80A is set equal to the pitch of the wafers W supported
35 in the support structure 38, and the height position of each of
the gas holes 76A to 80A is set to lie midway between vertically



56 on which thée I ower end of the cover container 46 is nounted 20 and
supported. A sealing nenber 58, such as an O-ring, is interposed between
the flange portion 56 and the | ower end of the cover container 46 to keep
the interior of the cover container 46 in a hernetic condition. Further, a
ri ng- shaped support portion 60 is provi #@d on an upper portion of the 25
interior wall of the manifold 54, and the | ower end of the processing
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processi ng ?ggﬁ,}aéd;er structure 34. 10[0023] The quartz heat-retaining stand
72 includes ur-Support posts 74 (only two posts are shown in FIGS. 1 and
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processing container 44 and the cover container 46, can be
exhausted out of the system. The gas outlet 82 is provided
with the exhaust means 41. The exhaust means 41 includes an
exhaust passage 86 which is connected to the gas outlet 82 and
20 in which a pressure regulating valve 88 and a vacuum pump 90
are interposed for vacuuming. The width L1 of the exhaust
port 52 is set in the range of 1 to 6 mm so that the atmosphere
in the processing container 44 can be effectively exhausted.
The heating means 42 for heating the wafers W has a cylindrical
25 shape, covering the exterior of the cover container 46.
[0028] <Support structure>
The support structure 38, comprised of a wafer boat, will
now be described. As described above, the entire support
structure 38 is formed of quartz which is heat resistant. As
30 shown in FIG. 4, the support structure 38 includes a top plate
section 92 located at the upper end of the structure, a bottom
section 94 located at the lower end of the structure, and a
plurality of support posts 96 which connect the top plate section
92 and the bottom section 94 and which support wafers W in
35 multiple stages. In this embodiment, the support posts 96
consist of three support posts 96A, 96B, 96C (see FIG. 2) which



I ntroducing a gas into the processing container 44 is provided in the

mani fold 54. Mre specifically, the gas introduction neans 20 40 incl udes
a plurality of, for exanple three as depicted, quartz gas nozzles 76, 78,
80. The gas nozzles 76 to 80 are disposed in the processing container 44
along the |ongitudinal direction, and the base end portions of the gas
nozzles, bent in a letter "L" shape penetrate through the manifold 54 and
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grooves 101 formed by cutting the inner sides of the support
15 posts 96A to 96C. Wafers W can be supported in multiple
stages by placing peripheral portions of the wafers W on the
support grooves 101. The diameter of the wafers W is, for
example, 300 mm, and about 50 to 150 wafers W can be
supported in the wafer boat. The pitch P1 may be generally in
20 the range of about 6 to 16 mm, and in this embodiment is set at
about 6. 5 mm.
[0031] The top plate section 92 consists of a topmost main top
plate 92A, and one or more secondary top plates 92B disposed
under the main top plate 92A. Two secondary top plates 92B
25 are depicted in FIG. 4. The main top plate 92A and the
secondary top plates 92B are spaced apart from each other by a
pitch P2, and are provided fixedly e.g. by welding. Further, the
topmost support portion 100A (support groove 101A) of the
support portions 100 of each support post and the top plate
30 section 92, in particular the lowermost secondary top plate 928,
are also spaced apart by the. pltch P2.
[0032] The distance between the topmost support portuon 100A
of each support post and the top plate section 92 is set not
more than the pitch of the support portions 100, i.e. the
35 following relation holds: pitch P2 < pitch P1. This can prevent
the occurrence of a turbulent gas flow in the top area of the



wal | af the manifold 54 and above the support portion 60 so that the
atnosphere in the processing container 44, exhausted 15 fromthe exhaust
port 52 into the.space 84 between the processing container 44 and the cover
contai ner 46, can be exhausted out of the system The gas outlet 82 is
provi ded with the .exhaust means 41. Thel2xhaust means 41 includes an
exhaust passage 86 which is connected to the gas outlet 82 and 20 in which
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appr oxi mat et@ﬁ%hgmgﬁebamgﬁ%t%%@ﬁ'ﬂpggt oygg égﬁbiﬁg %ECEHEF béswg%n t he
support postsaivéP aorh@8Sedoof nar Biase shiaed rengttz ohatrhebekboen poate 10
[ 0030] ppgrt L.an k r POKtd N fers Ware,formed on_t I nner
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P1 al ong thehabngidsed ndle dhoéet LOA. ThEheuppain pottoronlade &4Acospri sed
of support grooves O RN e PHofd L AR MRt NF tnd 483 c2f the SHRRpPrt
portion 74A at the top of each support post 74 of the
heat-retaining stand 72 is engaged with the peﬂpheralsuﬁbte
20 of the hole 104 to hold the entire support structure 38. The lid
member 94B has a shape as shown in FIG. 5. The provision of
the lid member 94B prevents a gas from leaking downward
through the hole 104 of the main bottom plate 94A.
[0035] The lowermost support portion 100B of the support
25 portions 100 of each support post and the lid member 94B are
spaced apart by a distance corresponding to a pitch P3. The
distance between the lowermost support portion 100B of each
support post and the bottom section 94 is set not more than the
pitch of the support portions 100, i.e. the following relation
30 holds: pitch P3 < pitch P1. This can prevent the occurrence of
a turbulent gas flow in the bottom area of the support structure
38, the wafer boat. The lower limit of the pitch P3 should
preferably be 1/2 of the pitch P1. If the pitch P3 is smaller
than the lower limit, the exhaust conductance will be low in the
35 area. Therefore, a gas is likely to flow into the space between
the wafers W and the processing container 44, which may result
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112 (only two holes are shown in FIG. 6) for insertion of the
support posts 74. The cover member 110 also has, at its upper
end, a horizontally extending ring-shaped flange portion 114,
The gap between the peripheral end of the flange portion 114
and the inner periphery of the processing container 44 is made
as narrow as possible to minimize the amount of a gas that
flows into the space below the bottom section 94 of the support
structure 38, thereby preventing the occurrence of a turbulent
gas flow.

[0037] In this embodiment the distance L4 (see FIG. 2)
between the outer periphery of the support structure 38 and the
inner periphery of the processing container 44 (excluding the
nozzle housing area 48) is set very small so as to reduce the
amount of a gas. that flows through the space between the
support structure 38 and the processing container 44. The
distance L4 is generally within the range of 5 to 20 mm, and is
set e.g. at about 18 mm in this embodiment.

[0038] Returning to FIG. 1, the overall operation of the
thus-constructed processing apparatus 32 is controlled by a
control means 110 e.g. comprised of a computer. A computer
program for performing the operation is stored in a storage
medium 112 such as a flexible disk, a CD (compact d|sk), a hard
disk, a flash memory or a DVD.

[0039] Though the above-described processing apparatus has

35

the following features: the exhaust port 52 of the processing
container 44 has a long length equal to or longer than the
lehgth of the support structure (wafer boat) 38; and no large
space is provided in the top and bottom areas of the support

hol ds:-
gas



[ 0033]. The pitch P2 is preferably set equal to the pitch P1, i.e. P1 = P2,
in order to nore effectively prevent the occurrence of a turbul ent gas
flow. The lower Fimt of the pitch P2 should preferably be 1/2 of the pitch
P1. If the pitch P2 is smaller than the lower limt, the exhaust
conductance will be lowin the top plat&section 92. Therefore, a gas is
likely to flowinto the space between the wafers Wand the processing
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[ 0037] trth@ B %Hpnﬁﬁ’et%%ﬁﬁalh%@tlm (rs%@nsqdé, and the processmg
temperature is maintained. The raw material gas is supplied

from the gas nozzle 76 of the gas introduction means 40, ozone
gas is supplied from the gas nozzle 78, and the purge gas is
supplied from the gas nozzle 80. More specifically, the raw

30 material gas is ejected horizontally from the gas holes 76A of
the gas nozzle 76, ozone gas is ejected horizontally from the
gas holes 78A of the gas nozzle 78, and the purge gas is ejected
horizontally from the gas holes 80A of the gas nozzle 80. The
raw material gas reacts with the ozone gas to form a ZrOx film

35 on the surfaces of the wafers W supported in the rotating
support structure 38.



between the outer periphery of the support structure 38 and the 20 inner
peri phery of the processing container 44 (excluding the nozzle housing area
48) is set very snall so as to reduce the anount of a gas that flows

t hrough the space between the support structure 38 and the processing
contai ner 44. The distance L4 is general®y within the range of 5 to 20 nm
and is 25 set e.g. at about 18 mmin this enbodinent. [0038] Returning to

FIG 1, th | t] t t - : : [ t
320 s cont r PP aT HINSPEER: biteblall d8s AHE RO TAIURNAS 88950 sithpRear At ue
conput er pr &dermately pantoreipegtendy operat poriséd stanedri asadsisariyzd 30
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carried out gas ushozzlese tAtus-tons8Ouct éleprobesizim@aHypartaWEH’_cBZ, thel | now
fim e g SPAReS-ldesRd RGP SRR o4 BT PERsBio e
cycl e ofOsupstyesn athew wafers aW gaspperged in multiple stages, flow
through the exhaust port 52 into the space 84 between the
processing container 44 and the cover container 46, and are
discharged through the gas outlet 82 to the outside of the
processing container structure 34.
15 [0044] The cross-sectional area of the slit-like exhaust port 52
is set within the rage of one to two times the cross-sectional
area of the exhaust passage 86 provided with the vacuum pump
90, so that the gases can be smoothly exhausted without
allowing the gases to remain in the processing container 44.
20 Because the gas holes 76A to 80A are arranged such that each
" gas hole lies at the same level as the space between adjacent
wafers W, the respective gases flow in substantially laminar flow
without causing a turbulent flow in the space between adjacent
wafers W.
25 [0045] As is described hereafter, the conventional wafer boat as
shown in FIGS. 12 and 13 has large spaces 30A, 30B (see FIG.
13), having a vertical width larger than the pitch P1 of wafers,
in the top and bottom areas of the wafer boat. A fast gas flow
will be produced in the spaces 30A, 30B, which may cause a
30 turbulent gas flow. The wafer boat of the present invention
eliminates such large spaces 30A, 30B and can therefore
prevent the occurrence of a turbulent gas flow.
[0046] In particular, the top plate section 92, consisting of the
main top plate 92A and the secondary top plates 92B, is
35 provided in the top area of the support structure 38, and the
distance between the main top plate 92A and the vertically
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pul sed manner for a predetermined tinme period. N2 gas, for exanple, is used

. as a purge gas. [0041] First, the support structure 38 conprised of the
waf er boat, holding a | arge nunber of, for exanple 50 to 150, 15 300-mm

wafers Wat roomtenperature, is raisedl@nd | oaded into the processing
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waf er shW suppdatieetop raraa, tamd ¢het qoesityfdforhée ff[lﬂﬂ@hﬁfbé %ﬁhﬁhﬁédpor t 52
into the sp et veen t rocessi ng contai ner and t he coqver
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a gas flowing into the space below the bottom section 94 can be
25 significantly reduced, and the flow velocity of the gas, flowing
between the lid member 94B and the lowermost wafer W, can be
made approximately equal to the flow velocity of the gas flowing
between the wafers W. This can prevent the occurrence of a
turbulent gas flow in the bottom area of the support structure
30 - 38.
[0049] The pitch P3 is preferably equal to the pitch P1: P1 =
P3. However, because a dummy wafer is generally placed on
the lowermost support grooves 101B of the support portions
~ 100B, the pitch P3 may be smaller than the pitch P1. Since the
35 occurrence of a turbulent gas flow can thus be prevented in the
bottom area of the support structure 38, the in-plane uniformity



25[ 0045] As is described hereafter, the conventional wafer boat as shown in
FIGS. 12 and 13 has | arge spaces 30A, 30B (see FIG 13), having a. vertical
width [arger than the pitch P1 of wafers, in the top and bottom areas of
the wafer boat. A fast gas flow w |l be produced in the spaces 30A, 30B,
whi ch may cause a 30 turbulent gas flowl7The wafer boat of the present

i nvention elimnates such |arge spaces 30A, 30B and can therefore prevent

the occurre g 048] rticul a pl at e
secti on 92, Sty shickiers Weaniin. B rdr dRbulE HiFbres B areis 6,

pl at es 92B, lying3dpr bhedbdtiom freagpaarkdhef qualityumfothesfilmctoare 88, and
the di stancg Qﬁrﬁeed\ the main top plate 92A and the vertically 16 adjacent
secondary t ;5‘ € '92B as well as the pitch P2 of the secondary top pl ates

92B are set [ 6@601]0Fartrhem inhehei bottoPh afeavadfetise Wupsear dinedtyuret 8, f1 ow
vel oci t y of gas, ovvr n bﬁt wee‘rl:\ébhe .mai n to | ate 92A and .t he ad acent
secondar 6§e5 ;?Pé(teé Q?r Chet Wedn t'he OEQY qy P8p h& eLOPIBOSEan be

mﬁde a]E)proxhrﬂHtel'e'taequag nlatehk3LdfOVhe'eh@a:t-ﬂ’Et@i][nlhbest}deb |f723\UU”¢Q1 fblﬁéween

the wafers revent the  occurrence of a turbu ow in
the top are urspégg Hﬁ BriPace ([idy é%@.‘ﬁ%@ﬂh] tRe e o e aﬁé!%#agladrge@ erably
equal to th@qmtrcxrh P14 Bl pravided] doendr thbecayss aenldingy théetoi/ér

Dorti ons 106AE e ditEoRBERE e HRE i i Era (95 owin G100 RAMRrd ne
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qual i t%/ oI talreaf of nmeagtruhm@oﬁni;anr%eﬁr?[@?ﬁ] 1|‘ntthhe bottom ar ga of tgett
support str e central hole e rj ng-shaped main bottom
pl ate 94A, I@hgﬁ Sﬁ\endeﬁgre{ € 9ot Y@HFEeE‘?r"@n ft‘%,gnig E'IZ(%EE I th t he
lid 20 membéanfAABr IFFuwt H!mtwéélﬁé tHd ahafehs Weaddstiarseghetiveadd hgatwper
end of e lid rremgﬁ a\ﬁc)i tht% sup ort gﬁgves 01B which are the

| oner sgEpoIAN dhpae e @ th&n SURPOFE tIUPTUER t he

wafers W AG®r darg! WisdHer u@rrn@btrarygas/vfth@\ertngchaﬁ et A sfaceripel ow the
bott om section 4 ca be 2 ﬂlnl Iﬁl cantly reduced._and the fl ow vel ocity
of the gas, dFT P\%e $4B°5F1d5{7—h@’h'6m/eﬁ%§%@ faBlr w

can be nade |@ppr oowenatmev amrmarerrg)tﬁ hef f v welfesi bvaef ik henhgayertiem ng
bet ween t he waf can grevent t he occurrence of a turhul ent gas

flowin the d%%&é%'apéa 1Se t P BEt QHRREF 44 Accordingly, the

20 occurrence of a turbulent gas flow in the area of the exhaust
port 52 can be prevented. This can further prevent the
occurrence of a turbulent gas flow in the top and bottom areas
of the support structure 38.

[0052] The support structure (wafer boat) according to the first

25 embodiment can be constructed merely by adding the secondary
top plates 92B, the lid member 94B and the cover'member 110
to the conventional wafer boat shown in FIG. 13, that is,
without involving a substantial change of the design of the
apparatus construction.

30 [0053] As described hereinabove, the present invention makes
it possible to prevent the occurrence of a turbulent gas flow in
the top and bottom areas of the processing container structure,
thereby preventing a decrease in the in-plane uniformity of the
thickness of a film formed and a decrease in the quality of the

35 film. '

[0054] Further, according to the present invention, a gas that



30 38..[0049] The pitch P3 is preferably equal to the pitch P1. Pl = P3.
However, because a dummy wafer is generally placed on the | owernbst support
grooves 101B of the support portions 100B, the pitch P3 nmay be snaller than
the pitch P1. Since the 35 occurrence of a turbulent gas flow can thus be
prevented in the bottomarea of the suppbrt structure 38, the in-plane
uniformty 17 of the thickness of a film forned on the surfaces of wafers

oogo] “rurt hae, PRI TRGHEBRSANY, BIRUE Y dhard REUIbERCPBRCERoME "Cover
menber 110 obj@ctsvi slappomteﬂe inopinest sheamontetstrachgrep! & ed?@c_t@ér%dg_&, _

) . 5 , ; . 4 |
the 11 ng- snaedof Shafad P she Mol STFHTb A (i JRR° BB e aPrBS s “The
Space. Del ow L1GLhanoe BACL| G de TT1 - a0 TEtnel BLEYEN LI peearf ence
of o turbul ane day FPENRYPH RBBPrarL esat o e Brplhe¥id chifalicss
L0051] Thﬁ smmﬂréywe tgmeﬁy V\pL@\ﬁﬂnﬁmg flaothjeb%ag@ntip.l |t}hd2nilh .th bf!['?W

. t n an ottom
cection 94 PRTEEY B0 ERlRhe<s ok 8 Bl folel B € Ao deerase Mhout
change in tteefduwalithi oéchieofiimiromthe slit-1ike exhaust port 52 which

ext ends at over the full length of the wafer boat in the vertical -
di rection om@ﬁté]pfge(@gfrﬁ‘&rlﬁﬁt ai ner 44. Accordingly, the

10 Film-forming experiments were conducted by using the
below-described processing apparatuses according to the
present invention. FIG. 7 shows the results of the

experiments. _
[0056] First, a film-forming experiment was conducted by using
15 a processing apparatus that employs the above-described
' support structure (wafer boat) 38. In particular, the processing
apparatus uses the support structure 38 which, as described
above with reference to FIG. 4, is provided with the secondary
top plates 92B, the lid member 94B, the cover member 110, etc.
20 to eliminate large spaces in the top and bottom areas of the
wafer boat, and uses the same processing container 44 as
described above but having, instead of the exhaust port 52, a
slit-like exhaust port 16 as shown in FIG. 12, whose length is
shorter than the length of the support structure (wafer boat) 38.
25 The results of the experiment are shown in FIG. 7(A). In FIG.
7(A), the abscissa indicates the wafer position; the “top side”
indicates wafers lying in the top area of the support structure,
and the “bottom side” indicates wafers lying in the bottom area
of the support structure. The left ordinate indicates the
30 average film thickness, and the right ordinate indicates the
in-plane uniformity of film thickness. As a comparative
experiment, the same film-forming exper.iment was conducted,
but using the conventional processing apparatus shown in FIGS.
12 and 13. The results of the comparative experiment are also
35 shown in FIG. 7(A).
[0057] As can be seen in FIG. 7(A), there is no substantial



20 occurrence of a turbulent gas flowin the area of the exhaust port 52
can be prevented. This can further prevent the occurrence of a turbul ent
gas flowin the top and bottom areas of the support structure 38. [0052]
The support structure (wafer boat) according to the first 25 enbodi nent can
be constructed nerely by adding the sectidary top plates 92B, the lid
menber 94B and the cover nenber 110 to the conventional wafer boat shown in

FIG 13, th | i t.ho i nvol_vi ng. bst anti gl _.chan of the i gn of
t he appar at ﬁLff%g%%&r‘ dBt m%.aqﬁf[a&%gﬁlmﬂéélé%%%g%?%?%ﬁ&%%ﬁ Pﬁgﬁﬁesent
i nventi on npkesessingpapipairattis guerdin gt tre tihe ourasamteinaferstid ordmd etitie gas
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urther,_ according, to t. resent invention, a a as.flo
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support strabowteSi sodi sOhasgedeeni theutisehafighd prokestimy sbhpeeatn, from

the slit-1ike exhaust t' ort,. This car,é furthet;;l Ereveat he occurr(]a_ncx?1 of a
turbul ent 59§81y ith + HIE ¢ SC3RE tho SRR RasadE tHIE ptSEes S nghe

cont ai ner stonvemtiondherebyspirey eppatausiecHeageven fdie varaisamging
uniformty of the thickness of,a filmfornmed and a, degregse in the_quality
of the t1 1 nBny SOBSTORELHEy AR EWaERT | OTER (G SRBEE! a4 vehd tnduct bd
by usi ng t hevdfelrevytiegcon ek oreess iside pppatiné usaterapeitlbAdof & bdiet
present I monian FIE it shore eyl it he ool rnts, 10000
appar at us t haprapLoysatde-dihgvetgleshei bpeeseipporifvehtivgt Uean( Wabeairboat )
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secondary t ppthbbai-esd@2afdriese |id nenber 94B, the cover nenber 110, etc.
15 [0058] Next, a film-forming experiment was conducted by using
a processing apparatus that employs the above-described
elongated exhaust port 52. In particular, the processing
apparatus uses the slit-like exhaust port 52 whose length is
equal to or longer than the length of the wafer boat, and uses
20 as the wafer boat one having large spaces in the top and bottom
areas as shown in FIG. 12. The results of the experiment are
shown in FIG. 7(B). In FIG. 7(B), the abscissa indicates the
wafer position; the “top side” indicates wafers lying in the top
area of the support structure, and the “bottom side” indicates
25 wafers lying in the bottom area of the support structure. The
left ordinate indicates the average film thickness, and the right
ordinate indicates the in-plane uniformity of film thickness. As
a comparative experiment, the same film-forming experiment
was conducted, but using the conventional processing apparatus
30 shown in FIGS. 12 and 13. The results of the comparative
experiment are also shown in FIG. 7(A).
[0059] As can be seen in FIG. 7(B), there is no substantial
difference in the average film thickness between the use of the
- processing a'pparatus according to the present invention and the
35 wuse of the conventional processing apparatus. With reference
to the in-plane uniformity of film thickness, there is no



20 to.elimnate | arge spaces in the top and bottom areas of the wafer boat,
and uses the same processing container 44 as described above but -having,
irnstead of the exhaust port 52, a slit-like exhaust port 16 as shown in
FIG 12, whose length is shorter than the |l ength of the support structure
(wafer boat) 38. 25 The results of the @dperinent are shown in FIG 7(A).
In FIG 7(A), the abscissa indicates the wafer position; the "top side"
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results pf t lye [ are .al so_35sho in F 7(A).. [0057
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side, at th 0sJ t] of. abaut 1 to 4, and for 10 wafer i ng on the
bott om si deﬁ%&é@ié\%&'é ?BH%"FP(EIH”& SXp&GIMeDt Wa_slci%f‘dyﬁée%_j%ya\%ﬁlgg\/s t hat
t he use of ta1q3rmamiisrsgr@ppa¥mw luhaa]g@?ﬂ?ibwhbcth%@faﬂﬁw@-d?wgﬁe@nhcan
obt ai n enhanced in-pl.ane, uniform.t ' t hi ckness especi a or .the
bott om si de Wa‘?@?& S UEHSES] ?‘N@ni‘?'y Ofaitb Lor P g%ﬁﬁp@rst?‘??é@l’gé iReAduct ed
by using a peloteratedy expaust uparbatsEnpl dys phetiebiens- drecrphrdwingoat ed
exhaust1 ort_52. 1In artic%lar, t he roge33|n arﬁt s uses,the slit-Ilike
exhaust Sorta%EaWH 43§57t HS §"@ﬂﬂ& 6T YN n&%? WREM 1 175 |49 the
waf er boat, a@pdvesesth reference to FIG. 4, is provided with the secondary

top plates 92B, the lid member 94B, the cover member 110, etc.

to eliminate large spaces in the top and bottom areas of the

wafer boat, and uses the slit-like exhaust port 52 whose length

.20 is equal to or longer than the length of the wafer boat. The

results of the experiment are shown in FIG. 7(C). In FIG. 7(C),

the “top” indicates wafers lying in the top area of the support

structure, the “center” indicates wafers lying in the central area

of the support structure, and the “bottom” indicates wafers lying

25 in the bottom area of the support structure. As a comparative
experiment, the same film-forming experiment was conducted,
but using the conventional processing apparatus shown in FIGS.

12 and 13. The results of the comparative experiment are also
shown in FIG. 7(C). ) ]

30 [0061] As can be seen in FIG. 7(C), compared to the use of the
conventional processing apparatus, the use of the processing
apparatus according to the present invention can obtain
enhanced in-plane uniformity of film thickness for all the wafers.

The enhancement is greater for wafers lying in the center area

35 to the top area of the support structure, especially for wafers

lying in the top area.



20 as.the wafer boat one having |large spaces in the top and bottom areas as
shown in FIG 12. The results of .the experinment are shown in FIG 7(B). In
FIG 7(B), the abscissa indicates the wafer position; the "top side"

i ndicates wafers lying in the top area of the support structure, and the
"bottom side" indicates 25 wafers lying1n the bottom area of the support
structure. The left ordinate indicates the average filmthickness, and the
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4, is provided with t secondary, to | at 92 the lid
nmenber 9AB, wtﬁé&ygﬁsg%%pn@fogr%@C_oft ghgl i?ﬁ(_l'r‘n%l—‘étl Bgﬁgagﬁﬁes ﬁdﬁ‘eﬁ he top
and bottom gyiegh of thhee sivafleke borhaustdhoewddeasHliet- hskipaust2 gprt 52
whose | ength 20 hzo Eaual T{Fgﬁibrgl orll_ger than the length of the wafer boat.

The resul t s+ peA r@®hown in FIG 7(C. In FIG 7(C), the
"top” indi cgp%aqafraewéymng_ of thBeekperizneatofartde howpRaht FEGRU UKL, the
center"” indicat fers |yi in the central area of the support
structure, & tggB'-b_otthﬁﬁ'- i%)ca'tsesa V\éf%Pé ISNGYng the reFatlon_shlp
20 between the in-plane uniformity of film thickness and the ratio
of the opening area of the exhaust port to the cross-sectional
area of the exhaust passage, and FIG. 8(B) is a graph showing
the relationship between the width of the exhaust port and the
flow velocity of a gas in the longitudinal direction of the exhaust
25 port. As shown in FIG. 8(A), as the above area ratio increases
with increase in the width of the exhaust port, the pressure in
the processing container 46 decreases and approaches 1 Torr
and, though not shown in the graph, the in-plane uniformity of
film - thickness enhances. FIG. 8(A) also shows -reference
30 pressure data for a processing container structure solely
comprised of the cover container 46, without the processing
container 44 being provided. The results indicate that the area
ratio is preferably not less than 0.5 in view of the processing
pressure which may preferably be at most about 1.5 Torr, and is
35 more preferably not less than 1 when the decrease in the

processing pressure comes to saturation.



25 in.the bottomarea of the support structure. As a conparative
experinment, the sane filmform ng experinent was conducted, but using the
conventional processing apparatus shown in FIGS. 12 and 13. -The results of
the conparative experinent are also shown in FIG 7(C). 30[0061] As can be
seen in FIG 7(C), conpared to the use 2 the conventional processing
apparatus, the use of the processing apparatus according to the present

' ti t.a h d | a uni.f i ckness for all
Lhe vt or's. ORBRIRS EERENBER, Bl dhd BeBhrLE ot bna e ThiReCERERDst *hy o
Sﬁto the topoxtes2 b ghefemme $heura];rmgﬁ ofesmloeol el h‘gnfOFAs\laér@dS\Sm' yhng in
t t t t he rel ati onshi ween
op:ni ﬁg Z; Zglgfz%(né X\ﬁ:lﬁﬁl%\(}?o dgﬁooﬁoﬁgecﬁﬁbé’ U, c@‘?'&n&‘ip 12} 2 Mot
exhaust pasg@@eﬂ@wg w@gttayt isarextfes{snﬁetzww @fint tite exdraush ma“at EfSt‘ﬁe

cted to, eval uate e i 0 en e openi ng
:)r(g:r l)f he€ ?‘\a[usi |§% MexRAHRIpG PO %HE’WHEEX &g‘fﬁe@w A&ISSa2 &P t he
exhaust passagfer§s lmnvww@bthbe m&ummm@w.athr@ﬁfm@%ambmt an
experi ment V\hg%s onduct ed.t dete w yelocity for. 10 varying

wi dt hs of t m eE 2 ﬁg}’—’tgaﬁn Bﬁ’rf’ QFiaY  iny F\@g BoHiosRearea

Enlt form EK of tfhé @xwalpétnpést \;}@%oﬁ@@}éﬁibaﬂl@ww éTdeat%Hé)@lﬁﬁrnhf@flb'nngfrat i 0s
et ween e en|n ar ea e slit-1ike or

cross- sectlsﬁ | 98¢ éOWfVFﬁ%C %HBUde herg V[Cft% eiPRgehtes @xhaHst
exhaust1@d5 p@rthé(@ipﬁ@xﬁﬁételﬁynahlf@rrﬂ@ OfTHélerﬁF@r&Hﬁiy @ﬁﬁﬁget}\}ckﬂ'é@sw dth
of the slit-like exh vari ed as follows:

200 e 1 0BEBS R ATEES B NAT I RES dHenNar: o The rassifs tRUS @slicate) and

8(B).FIG 8tAnti the @iagth @ﬂqu@%mételmsﬁtowhh@réo%?év&%blvhen'th@' ane
uniformty of fil tinckngsa and the ratio of the opening area of the

exhaust por faPge Ak ZePo 2sBciBnal
[0065] <Second Embodiment>

15 A support structure according to a second embodiment of
- the present invention will now be described. FIG. 9 shows a
plan view of a support structure according to a second
embodiment of the present invention. In FIG. 9, the same
elements as those shown in FIG. 4 are given the same reference

20 numerals, and a desCription thereof will be omitted.
[0066] In the second embodiment, the top plate section 92 of
the support structure 38 has the same structure as that
described above with reference to FIG. 4, and the bottom
section 94 has a similar structure to the top plate section 92 as
25 it is inverted. More specifically, a main bottom plate 94C
without the central hole 104 (see FIG. 4) is used as the main
bottom plate of the bottom section 94, and a recessed portion
120, with which the raised portions 74A of the support posts 74
are engaged, is provided in the back surface of the main bottom
30 plate 94C. Because of the absence of the hole 104, the lid
member 94B (see FIG. 4) is not provided, and instead one of
more secondary bottom plates 94D, having the same structure
as the above-described secondary 'top plate 92B, are provided
~at a predetermined pitch P3. The pitch P3 is set to be the
35 same as the pitch P2 described above with reference to the
secondary top plates 92B. The second embodiment can



area of the exhaust passage, and FIG 8(B) is a graph show ng the

rel ati onship between the width of the exhaust port and the flow velocity of
a gas in the longitudinal direction of the exhaust 25 port. As shown in
FIG 8(A), as the above area ratio increases with increase in the width of
t he exhaust port, the pressure in the pR@cessing container 46 decreases and
approaches 1 Torr and, though not shown in the graph, the in-plane

uniformty qf filmthickness_enhances. FI G A) alsqo shows reference

30pr essur e @eﬁl'geygr&ée psrad@@séﬁﬁancgaﬂteﬁq%FfEéQ%C?ﬁr es@?%q\fﬁ'cc{ﬁ%ﬁrir']g%g of

t he cover cditstigrebotimawnt.hout the processing container 44 being provided.
The results indicate that_the area ratio is preferably not less than 0.5 in
vi ew of the [Q:b%lbggﬁ%ﬁyrgr%g&ﬂ@%m fi may preferably be at nost about 1.5
Torr, and is 35 mu eupeder sbtuctet hessriley th wWhenirdhe rdBededant bft he
procesmgg ;%E]essure cErrese%&.saturl tion. Zé [600_34] As_descri bed above, the
wi dth L1°of e PEFPEDE| RYeBHRRIVIpSIQW5DE) deseriPedal FLGn kheshangeaof 1
to 6 mm As ghawnviewFl & & Bsuppmit t Berodtdirh ohcédedipyhadst Hor¢hikg 10.0

mm the gas flow velocit excessively large in the bottomarea of the 5
exhaust porte,mggéjdm‘?d"tt fpé@? BREFSN i t etﬂt'g'l"lmﬁmi@@re@raﬁﬁﬁgsﬂé‘?@rs. on

the other handmewen ashehvsdtshovnt he EXESU 2l 19 ia¥eSgldintPle 2aPnem the
gas flow ve ' in the bottom area of the exhaust porf is considerably

| oci ty . CO
| ower and tﬁglﬁi’%@?ﬁ“— BHTEAALT @RE HAETArdHos harepfivilt be pomgFeddi nal
directipm of QUBBEXMHOISGh 1 PREL abbvaPrEeekRiEEcHRd aribodiedHt tRem ty

of filmthickness, anpn fers igs( t her ef ore_enhanced. The results thus

i ndi cat e thét?cprﬁ‘éj%ydf Pdilathe LBAE Used in dheotad platesastion 92 wé range
of 2.5 to 5tRemMupport structure 38 and the secondary bottom plates 94D

are used in the bottom section 94, it is possible to provide
support-grooves 101 as support portions'loo in place of the
15 secondary top plates 92B and the secondary bottom plates 94D
so that wafers W can be placed on those grooves. In this
embodiment the top plate section 92 is comprised solely of the
main top plate 92A and the bottom section 94 is comprised
solely of the main bottom plate 94C. The distance between the
20 main top plate 92A and the topmost wafer W is set at the
above-described pitch P2, and the distance between the main
bottom plate 94C and the lowermost wafer W is set at the
above-described pitch P3. The third embodiment can achieve
the same advantageous effects as the above-described first and
25 second embodiments. _ ' |
[0069] <Fourth Embodiment>
Though in the above-described embodiments the
processing container structure has a double tube structure
consisting of the inner processing container 44 and the cover
30 container 46 that surrounds the exterior of the container 44, the
present invention is not limited to such a double tube structure.
Thus, the present invention may be applied to a processing
container structure of a single tube structure as disclosed e.g. in
Japanese Patent Laid-Open Publication No. 2008-227460.
35 [0070] FIG. 11 shows a schematic view of a processing
container structure according to a fourth embodiment of the



[0065] <Second Enbodi nent > 15A support structure according to a second
enbodi nent of the present invention will now be described. FIG 9 shows a
pl an vi ew of a support structure according to a second enbodi nent of the
present invention. In FIG 9, the same elenents as those shown in FIG 4
are given the sanme reference 20nuneral s24and a description thereof will be
omtted. [0066] In the second enbodi nent, the top plate section 92 of the

suppor st ueLLE R 38\BRRIdTIC SRR SHAGIce2id NAneigREr Bed dbpueian th

reference t om section aS|mIar ructureto
the top pl asbosetindi®@21 4s ilkgsinatigniofvere @dhelvmce“mmdmeun@abhyntt@d A n

bot t om pl at ¢,34C yiauly d he, Gantpal kg, dffe(see Flie Dedbatiatbas the

mai n bott om plat om secti on and a recesse portion
wi th which thenprsesd motoessmgmmamm 44ppbeat spugliestubeastrushgeged, is

proviSec | nohe BASi sHRacs, o P 8L bl L B9 e o4°, Jegal ©
provi ded, apsténdiregoparengf 122r ensbaoodmgarttmemnvmlduw ahRt towersy thg .
cam <t it e Asehlly LS SRR hSaaN 08 & Mgt oY) Ce
pitch P2 detbei bpénabgvad2d tand ethee eaompa)rtnrnentseuaﬂddraﬂft opApSht-éEkeQZB The
2bove- descr ERORUS dOniaa fan OrTBasoi <HIEr dVeflbad: il - PROCESSI

- struct ur®e accotdiney dd mtaqlprai;ltanhodpmmmte)fthé hbezly éoardingnaeed oM, w | |

ocording. 87t recuabSr RENEr SrPiRb kgl DLRAEH. SRR e

sanme el enencevasst tos eexsthdust iporfEl 62. 4 Tard egdmfstgcwartheersmmr ri@fear ence

the above- ABeSy i BbatsebbiFre %EWL fed3 nafBelohaaftorovidt & 698 'He' Used
in the top ol s¢ fea 1sped iowt SR thé dystesmpport structure 38 and the_ secondary
provi dd upsBt g Do Vel Shsea 3TpEBFRORIR FhhABY el DeB BRVIRE o1
secondary temgleat@be%uatldre haweazmmttanermrwmrm atey Sdaaptrisdd waf ers
W can be placed on_t rooves the to |, at e. . section
0215 compr SOIIVSDT @ GUaF Tt AECREER Ty il eo o UBAL i en BB sd&d on 04
i's conprise@reskeetyinylerthen marmeboappliedl 86 s Ca Phecdssimneertaineen t he
structure, can achieve the same advantageous effects as
20 describe above.
[0072] While the formation of a ZrOx film has been described
by way of example, the present invention can be applied to the
formation of any type of film. While the ALD film-forming
method has been described by way of example, the present
25 invention can, of course, be applied to other film-forming
methods, for examplé the CVD method in which a raw material
gas and a gas which reacts with the raw material gas are
simultaneously supplied to wafers. '
[0073] The present invention can also be applied to
30 film-forming processing using a plasma. In that case, an
electrode plate for application of a plasma-generating high
frequency power is provided, for example, outside and along the
longitudinal direction of the compartment wall of the raised
portion 50 defining the nozzle housing area 48.
35 [0074] Semiconductor wafer as processing objects, usable in
the present invention, include silicon wafers and compound



20 mai.n top plate 92A and the topnost wafer Wis set at the above-descri bed
pitch P2, and the distance between the main bottom plate 94C and the

| ower most wafer Wis set at the above-described pitch P3. The third

enbodi ment can achi eve the sanme advant ageous effects as the above-descri bed
first and 25 second enbodi nents. [0069] 28Fourth Enbodi nent > Though
in the above-described enbodi nents the processing container structure has a

doubl e tube Sstructure .consi ng, of th |nne 0 ont ai ner_44 and

t he cover 3@%}505'%9"056 ts[?étt Eg'iﬁ'sroﬁﬂé} e @%Se g(')‘i g &h g ont al Mer 44,
the present prre\sermttl dnviention Idam t atsd o beuchpplidelibte totheerst fysdair of Thus,
t he present rhss: tq ébe ﬁslledtoa roce {_‘{@g contai ner, s ruc ure of
a single tufd r UGl oS &£&5anilg %‘é%é ESPRreHECLA

Publ i cati on d}dgystgp@&pzaw@@v.c@@wom] Fi G 11 shows a schenmtic view of a
processi ng i&r&wer structure according to a fourth enbodi ;TEI’lt of the 24

present Al FOTMRARHYESs sSPRYCEHING n@PPRMALEEurWilf s "AWwPen FI G
11, ill ust r e guriwéd ! heFIgd.har pidwenabgstREnpatiEt erbw THE di OSRSFIPIEry

cont ai ner structure,of this enbodi nent co es a pr Si ta| ner 44
of & 51 ngl o QBB AERFYE, BRSSPI eE S e SR Lokt FMer Fila. Hod GomiaLher a4
vertically #xpandviegy aperd ngafle? Riwt.a AeMBALIWENIN G, 124 tRat peeygrs the
openi ng 122. A nozzl e housi ng ar, ea‘%gel s formed between the openi ng 122 and

the conpart RINCEREINY 1BRPART 1 DFYAL 2 ATOCESSINT 580NKING Bl UGhUE e wal |

of the ppocesonsidiOng it ai Gear ngk@césﬁ@ﬁj tbﬂ@anmogl WatH Becired gopousi ng
area 48, and an exhaust cover ne IS proyi such that it covers

the exhaust 3 (2 SBIATFREQGIAGENT @mFérr 4rﬁé‘r%ra £ SfPl sopt concenpped!énd,
gas outl et %Je’r@ﬁgvﬂhéf&n@cmﬂiel’én@%S@F‘@hgeﬁré’é’éssﬂﬁgt E@n%ﬁi@lmz 15f9Q71] In

the case of a I’OCESSI ng contai ner structure having™a single tube -

structure, tHELOHNT QPSEY NGt Rfctine RBY CBES IBGhpFP B ERI NEH e‘-’tt‘ljuétu%ﬁ qBarisz

processi ng eREPRY add Marmatidanyf elskabiseppr aspat gl nVK”tl thz WaBr
applied to such géfroces& ng contajner structure, can achi he sane

advant afeoud @2t ddt.shalding deafarsp¥/ dpotitiie7siages) é’sth@'ﬂ%ﬁ M8t fRa of a
ZrOx film hasrdieeniglgseshbgthdly may mee%I%@FebObbelgr %%Qﬂtbé nyeR-ted can

be applied to the formtion of any type of film Wile e ALD filmformng
met hod has B&eWagdherintedqand MW@faWﬁaﬂ]ﬂV’énW@ﬁél\prfégéﬂtthe processing

container structure 6. Gas nozzles 12, 14 are inserted into the
processing container 2 from its bottom. The gas nozzles 12, 14
20 each have a large number of gas holes 12A, 12B arranged in the
longitudinal direction of the nozzles, and necessary gases can
be horizontally ejected from the gas holes 12A, 14A respectively
-at a controlled flow rate.
.[0076] A.verticall'y extendi_ng slit-liké éxhaust_ port 16 is formed
25 in the side wall of the processing container 2 at a position
opposite the gas nozzles 12, 14. A gas, exhausted from the
~exhaust port 16, can be exhausted out of the system from a gas
outlet 18 provided in a lower portion of the side wall of the
cover container 4. A cylindrical heater 19 for heating the
30 wafers W supported in the wafer boat 10 is provided around the
outer periphery of the processing container structure 6. The
wafer boat 10 is placed on a heat-retaining stand 20 including a
plurality of, -for example four, quartz support posts 20A (only
two posts are shown).
35 [0077] As shown in FIG. 13, the wafer boat 10 includes a top '
plate section 22, a bottom section 24, and a plurality of, for



25 inyention can, of course, be applied to other filmform ng nethods, for
exanple the CVD nethod in which a raw material gas and a gas which reacts
with the raw material gas are simnultaneously supplied to wafers. [0073] The
present invention can also be applied to 30 filmformng processing using a
plasma. In that case, an electrode plat25for application of a

pl asma- gener ati ng high frequency power is provided, for exanple, outside

and along t I i inal_ di ti foth artnent wall of the.raised
portion go gg‘?.”ﬁﬁ%&ﬁﬁ%gnﬁ%é& oaggﬁg %éeﬁoﬁ@mé’é{ ka %reemsi‘tﬂ%’&[]c{fbr
waf er as pr 6&@ssihp wibjchcteonnesatthe toptplater seetibni RReandahe battode
silicon wafers..and.co nd h25 senm coQ:duct(t)r bstrates such_as GaAf SI C,
N otc. TRECHPESEH | RUEnEh e SR, PRStS 2P atF (uTarAer afpadtg
_Zybs-lt rates, _irstuxﬁvag? g;agrsgAmheca@mii@reuta‘c ratespbetiomseofl ntHe _qf:lirduwts/zt al
i spl ay devices. 0 rative processing apparatus w now be

Cr et Epatows il wa e : oo

describ matic view of an exenplary conparative batch
processi ng §ppxEAt Beppond §rGovas 2Momee afdroat i eyaci of wadesuppait As

cont i ner sPPSEE1R% S8 B URIERITRg R e B8 P Ehe Aa ronb ot 2

wth a cl oséa soppoated angwaritiple atagesoby aplaging pétipharal psetiohspof

concentri cal covering, the circunference of th rocessi ng contai ner 2.
The bottom Bbén?"’rﬁelﬁ @%r@?e%lﬁ%orio&rgpﬂés giucm%"tégf%'rgﬂéﬁmﬂ e and
her net iv@l | yuplpesabbestyy 28, tdnBechirgyahier topf elatd Sdwerin TR A1l diHg
wafers Win m,éttllmol e §ct argeé, IS houseg in thg rocessi n&h@%oml ngr 2. The
waf er boat POTEAN REGHYEr £8d ARGaFary PICYTARH RRAT@ANALEOMTHANEY f r om
t he processibegwedt i dRiceiitr eipp@tbpoces Rezzl ¥pelbotidmrHataspat eg into
the processing container .2 fro ||ts ot{tom The g_g]s nozrﬁlses 15_, 14 20 each
have a Iargé”?qﬂfr?%@rp% WASY hal EQ 8247 {9HMGT aiydd'§ FeHEN onfi FalfSH
direot | on obalermoatlcat ehd riegessir eammeesupporte et ZuAaldY Siected
romthe.ga es : r ective a controlle ow rate.

A Vor ti b8! PRk G A SENG WD 4% HRSHOBEr V158 TAE RANBACTOBSHATAIR si de

wal | of theofripeepsla@ T eotBdIEth cditite MRSidH BBaePIPsi te the gas nozzles
usted fromthe exhaust be exhausted out of

12, 14. A gas, h ort 16, ca ¢

the system ﬁﬁ@%egg AsthRiArecessing &H%Eﬁql‘%raalfé\mr'spaﬁppéﬁe& Byh&LE de
wal I of theorpthe caPfaienef dach aMrfeRON @) HwatehtdPy foechpaf iangaihe 30
waf ers W sup gfeérelgwn t he waf er boat I10 i s proyided around the outer

periphery o GSs 8NKly T BnEXPAM? Stelc ! 269 HRS welesnabely andi s
pl aced pn arbpehtealyiffbAY theaBds2Roidts | 1utA Ng BA RbUERL d¥s ¢ioz A8 €panpl e

Four, quartzl4s.upq_chret é)aos?éss i%o'%h O?Jlr%cte\ggi Sségn‘?éi%esrh W%)ré discharged
from the slit-like exhaust port 16, and finally discharged out of
the system from the gas outlet 18 provided in a lower portion of
‘the side wall of the cover container 4.

25 [0080] The gas holes 12A, 14A of the gas nozzles 12, 14 are
each formed at a position corresponding to the space between
vertically adjacent wafers W so that the respective gases can be
effectively supplied horizontally to the spaces between the
wafers W even though the pitch P1 of the wafers is as small as

30 about 6.5 mm.

[0081] As shown in FIG. 13, however, the vertical width of the
space 30A between the topmost wafer W and the top plate
section 22 and the vertical width of the space 30B between the
lowermost wafer W and the bottom section 24 are set

35 considerably larger than the pitch P1. Therefore, there is a

difference between the velocity V1 of a gas flowing though the



35[0077] As shown in FIG 13, the wafer boat 10 includes a top plate
section 22, a bottomsection 24, and a plurality of, for 26 exanple three,
support posts 26 (only two posts are shown in FIG 13) which connect the
top plate section 22 and the bottom section 24. The three support posts 26
are arranged at equal -intervals along tA8 semcircular arc portion of the
circular 5 contour of the- mafer W [0078] Support grooves 27 are fornmed in

each of the su r a predet.er c t hat the
waf er s WcaﬁpB u%Bg‘rtS%@B ﬁlﬁr}q Megogfté(ggﬂg\? 5P§cﬁ96’ B@r P88l theor ti ons
of t hez\glaf espadéanof rmr?tmm tP yrigemeecn’ th@;wdfgm ﬁWnLWh%Hﬂgcé@sésll@gzt
post s ecting the top plate secti t he bottom secti on
are each prglv'/ﬂ?j‘é r&p% s %%W%&% ?\8 dj acent support posts 26.
The bgttom p@eBgéEZBe@US@Q@MOMt Beatioel @4L9sf @rr@céha"pédpe Fegasr. A
rai se on a e

4

t t op, of each, s ort post 20
heat - r eti n IF?&’ ndﬂ%‘“f‘g gjr%@@’@rﬂ tﬁ&?‘l‘l%h ?pﬁﬁpgracisﬁ‘to?ﬁcﬁgof %2 hol e
29 to hold bh@uﬁ@tl @N@é@eﬁﬂ?’f al@urboddht gJars mﬁ/vnmﬁﬁ%smsr@nﬁaﬂ?é us, a
filmis dep edb h&surface of ea? er V\f/:’ horlzotally
ejecting a Dﬁﬁg and)€ fAC W EMSG0 éH\A% i h%eBEQaéﬁ l&Mhat el y
and 20 repeaaaéés fbf@tﬁﬂletmg @@%hhals@eézé’asé% Meﬁﬁepmﬁa @@ﬁﬁoﬁﬁlt%fzof 14.
The gases i talner are, d| d framthe slit-Ilike

E eh rocessug é

exhaust por EN@ethigknessnafig HirgcAarye Qut”'bf Hye@f ke fiHB Has

outl et 118 pmferﬂgd/vl nﬁ% W\ﬂﬁeﬁ:@ btaad Bbttde éréi@s\mlﬂhe)botalte cover

contai ner 4 6% [,0Q8 % he hoI es 12A, 14A of the gas nozzles 1 14 are
each for med8P821pb4irthen Hgaa'k%rﬁﬂfawﬁ@ Ui g hBrepass Nble ARSI aLESY | ly

adj acent waf@fgtiVsothbBagxhhast espactiolepgasriedan ﬁeeesﬁaecwaﬂplo\f gvpl i ed

horizontal ly to the spaces between the wafers W ven ough the pltch P1 of
the wafers \‘3§05§S§W£ | CQRtadnenp ut'565§tm$}1 boB 1t tiwowgngﬁ NEPG.

however, the\/a\f@rrtbéa’c @ dt Cofsedife C%@%H@étﬂ%@ HB% %W%n!@lfl rw
and the Iat ection 22 and the vertjcal pace 30
bet weer?é hethBughERs R%szwgr%“t%'ée%cﬁtgﬂ?s‘@@?@roﬁoﬂ 10 Clianges its
ﬂow direction to a downward or upward direction before it
passes though the exhaust port 16. This also causes the
above-described turbulent gas flow.
In contrast, according to the present invention, the
20 occurrence of a turbulent gas flow can be prevented as
described above. Thus, the present - invention enables
enhancement of the in-plane uniformity of the thickness of a
film formed on a wafer and enhancement of the qua'lity of the
film.
25



35considerably larger than the pitch P1. Therefore, there is a difference
between the velocity V1 of a gas flow ng though the 27 spaces 30A, 30B and
the velocity of the gas flow ng though the spaces of the pitch P1 between
the wafers W which causes a turbulent gas flowin the spaces 30A, 30B.

[ 0082] Because the bottom section 24 is28ing-shaped, a gas 5 flow 32,

fl owi ng downward t hough the central hole 29, also occurs. Consequently, a
turbulent g fkom/ ccura/npre in the bottom space 30B. The occurrence of
such a turbgﬁgﬁ 19 &9HV6H 'Sauses probl ens, such as decrease in the in-plane
uniformty of the thickness of a filmfirnmed or in the quality of the film

in 10 wafers Wlying ip the tOE agd bott om areas of .t he boat.. é0083%
Further, in the cénverfti SHRPOSK oSEELG Y CapiPar SURPOTEHET | enfiINrakity hif

exhaust porpblBctPrieviedpracddsegi dadnabl b diBpoBEECERSNDreerEa|Mer 2,
is set shorter .than the Iength of the wafer boat 10. nsequently as

I ] ag
that has fl GRATALISTZSHEUGEUTE1E WBIESh & RECEBRSHIY IS Hlavis dprdzontlIvaf er

boat 10 chafiges bhe sf,ib@vwcdithéca)b?@stt@ a8j ey sHigingtpwar d direction before
it passes though the exhaust port 16. This al so causes the above-described

turbul ent gas flof.tQR PEaHR B8&EI0Nccording to the present invention, the 20
occurrence of a turpotterh SEibhow@n be prevented as descri bed above.
Thus, the present inventjon e?abfes enhancenent of the in-plane uniformty

of the thickness 8f RIUFRITRY f BF nEHPHIOTE R&XSEF sRANGMHIZeRRAL tBP tHatquality
of the fil msebior?8nWherie ibotébah REtiSH,

wherein a plurality of support portions for supporting the
objects to be processed are formed in each support post at a
predetermined pitch along the longitudinal direction, and a
distance between the topmost support portion of the support
portions of each support post and the top plate section as well
as a distance between the lowermost support portion of the
support portions of each support post and the bottom section
are set not more than the pitch of the support portions.

2. The support structure according to claim 1, _

wherein the top plate section includes a topmost main
top plate and a secondary top plate provided below the main
top plate, and

wherein a distance between the main top plate and the
adjacent secondary top plate is set not more than the pitch of
the support portions.

3. The support structure according to claim 1,

wherein the bottom section includes a lowermost main
bottom plate and a secondary bottom plates provided above the
main bottom plate, and '

wherein a distance between the main bottom plate and a
adjacent secondary bottom plate is set not more than the pitch
of the support portions.

4, The support structure according to claim 1,



1. A support structure for supporting a plurality of objects to be
processed and to be disposed in a processing container structure in which a
processing gas flows horizontally fromone side to the opposite side,
conprising: a top plate section; a bottom section; and a plurality of
support posts connecting the top plate 2@ction and the bottom section,
wherein a plurality of support portions for supporting the objects to be

processed are fornmged in each support post at predeterm ned pifch al ong

t he | ongi t udi nal _d"ﬁ%@'anoﬁﬁeaﬁeP i §§5ﬁ98 Hé‘ie‘\%é’ﬁ Phé'ﬂgdﬁf?@éfeilmﬁmt
portion of bhetswppsiatepdrdvings f cestial SHERY tam@sh ARy ifeénbep phat e
section as V\T | ai a d [stance bet ween the | owernost support portion of the
support porFQﬁ%s ?eeré‘?:ﬁ'support post and the bottom section are set not

nore than the pitch of the support portions. 2. The support
structure according t_f) claiml erein the toP plate section
el

, wh
i ncl udes a topnos S1HPPPEL BT URe RLAHEUPY §1F'PMitle provi ded bel ow

the main top platgh@®dn the top'peitRi Reatrs G ehBebWeRIMt §8ctTBhNa fOP
pl ate and the ad acgnt secondfarry_top | ate is set not nore than the pitch
OR¥.2 FeINTOrtig pyip

of the supp&Ph £ RSP st ructure according to claim
1, wherein the bottom section includes a | owernost nain bottom plate

and a secondary battom pl ates provi ded above the nain bottom plate, and
wherei n a di st anc® bet feeRPRRSHRIGN ORI atlEUSHEre 48[ ab@MSIBEcGhdary

bot t om pl at @lipalsEt ofobbi@tts thapet Beobeisdd odnéhm SMARY ta Qﬁbtle@@ﬁw% 29
wherein the bottom Seﬁ_';l Qn i ngd? arin -sh&ged mai n bottom pl at e havi ng
e

a central h&3, aAYSa NPHZ@E Fat cPBSes! tRoIthe opposites sidRe
support strugiHpeisaggording to claiml,

a quartz processing container with a closed top and. an
open bottom, configured to house the objects to be processed
which are supported in a support structure;

a nozzle housing area for housing a gas nozzle, provided
on one side of the processing container along the longitudinal
direction; and

a slit-like exhaust port provided in the side wall of the
processing container along the longitudinal direction at a
position opposite the nozzle housing ‘area, the upper end of the
-exhaust port being at the same or a higher level than the upper
end of the support structure, and the lower end of the exhaust
port being at the same or a lower level than the lower end of
the support structure.

7. The processing container structure according to claim
6,

wherein the gas nozzle is provided along the longitudinal
direction of the processing container and has a number of gas
holes arranged at a predetermined pitch along the longitudinal
direction. |

- 8. The processing container structure according to claim
6, ' .
wherein the opening area of the slit-like exhaust port is



wherei.n the top plate section and the bottom section are connected by a
rei nforcing support post. 6. A processing container structure for
housing a plurality of objects to be processed and in which a processing
gas flows horizontally fromone side to the opposite side, conprising:

a quartz processing container with a cl®83ed top and an open bottom
configured to house the objects to be processed which are supported in a
support struy nozzl

: , h i for housi a s nozzl e,
or bvi ded onGha cosatNan Pra Giteeebins Ronranciional e b 2orirnadshal
direction; pagsage comnettdd! itse expavatinnorgumpovigtedexifatipeing degheval | of

t he processi cont ai ner ong the |.ongitudinal direction at pasj tion
opposite th@Q&lﬁsﬂ_ o8 ﬁéeagé%e?ﬂ@g%[ﬁ%ﬂ:aéﬁﬁrfo@”ccﬁeth&(r‘{‘ﬂ&@ﬁ B5rEN@ei ng
at the sanespt-lkkdegherudteyelt idhaottmerepgeinahenai. t he support structure,

and the | ower end of the exhaust port being at the same or a | ower |evel
than the |l ower end of the support structure. 7. The processing

contai ner structupe accopdi ngrécedgdingm Gapparatus Whesei nchhg/iggs nggele is
provi ded al ong tge Iongi tudi nal directjion of thei, er ocressi ng contai ner and
has a nunbePTBfCHEEHRFds RFPEHRRIAIatOh Br eBBi'& Hiynedl pPLIRCE okg t

| ongi t udi nabrdcegséd o@omprising: 8. The processing container structure
according to claim6, 30 not (I;ests than 0.5 tines the cross-sectional area

of an exhaust pas8aBECEBRFEG &P é_i%eK/a%ﬁHﬁf‘b ?%‘P%%@ﬁﬁﬂf@qtﬁ@m

at nospher e 'f@rthgu@mge&wengo@g@@t@ ngs ., bandpkbeegdald h20fd the §IHiEN i&e
exhaust port is not nore %F)an mm 9.A] pr‘pcesm ngag_parat us for carryingout
pr edet er mi n@HORFBREKEIGRF V_’Asd'l‘%rr'é?f‘f?'ﬁf e '@eoéoﬁﬁk?cé)ﬁ@f'te
conpri si ng: side; a RdPFOEeSIBkNEg CEMN abBeforst IdSdhiTey NsVithg droeeesihgt t om
for housing the objects to be processed and in which a processing gas flows
hori zont al | ﬁoﬂtélﬁéﬂhét@ﬁé’r?é the opposite side; a lid for closing the

bot t om openi ng of at kg @esHrnateRNt phinesuppbreing &he objects to be
processed and which can be inserted into and withdrawn from
the processing container structure; |

a gas introduction means including a gas nozzle for
introducing a gas into the processing container structure;

an exhaust means for exhausting the atmosphere in the
processing container structure; and

a heating means for heating the processing objects,

wherein the processing container structure comprises

a quartz processing container with a closed top and an
open bottom, configured to house the objects to be processed
which are supported in a support structure;

a nozzle housing area for housing the gas nozzle,
provided on one side of the processing container along the
longitudinal direction; and a slit-like exhaust port provided in
the side wall of the processing container along the longitudinal
direction at a position opposite the nozzle housing area, the
upper end of the exhaust port being at the same or a higher
level than the upper end of the support structure, and the lower
end of the exhaust port being at the same or a lower level than
the lower end of the support structure, and

wherein the support structure comprises

.a top plate séction;



a support structure for supporting the objects to be processed and which
can be inserted into and withdrawn fromthe processing container structure;
a gas introduction neans including a gas nozzle for introducing a gas into
t he processing container structure; an exhaust means for exhausting
t he atnosphere in the processing contai 8dr structure; and a heating neans
for heating the processing objects, wherein the processing contai ner
structure conprises r c fng container with a closed top and an
open bottom conf g?l&étgﬁﬁoé(%%tﬁéﬁ’%ﬁid objects to be processed which are
fﬁpported inla suapqﬂuraﬁtwcoﬁrsupporﬂ aﬁftmxndnnégmmgngh?r¢apfqﬂFMGusiEg
e gas nhoz . Prav 0 ne_si de .o e, praocessi cont ainer al ong e
| ongi t udi naéegF'PEE%’t‘ﬂ&q‘&Emgtém tsfj‘%‘ci%”ex‘HQ%F”boq tquF%EF%eQJJ]ﬁHpt%tsi de
wal | of thepprbicessifog suppaitieg Heorgbjdutsl bmdie yrionaksddr aceifornacda
position opposite the nozzle housi rea e upper, en f the exbaust
port being te}?é:fgaﬁgpgprg Mo&ﬁerartlge elpqqﬁa%htetrﬁ'gpq?&pepﬂgﬁd 3 r}%e?@@pport
Istruct Iure, I amﬂgtthmgharl\edir@micgi, ]'Edneﬂemad%tawmd betwegent thclaisemﬁﬁpimwt ﬁ
ower | eve n e _l.ower of the support structure, an erein the
support strﬁbtpz)roéltc%?rw&ﬁe%ﬁgﬁ?éﬂi'pd?%[ftepgég'ﬂnogn?? St aS%BPPSFnDQe%t?BH; and
a pluralitythe suppoptatgosseciionnesd i ngellhead op mlistancecbiedtwed the
bottom section, wherein a §I¢Jral i t.g of gua&aort portions L.or su gorti Bg t he
obj ects to DRWETHAERKHUBPRY oPREWONN Q&c §U|§Hc9rp[°rto§f)r ON? pPedefEMNi ned
pi tch al ongsumppdrangostdndlthaé bettamn seutibra ghestahamtbaioweenthiame thepnost

support portion of .the support- portions of each support post and the top
pl ate secti &it %‘% \€ ﬁypg%cﬂt'schﬁl@%et ween the | owernost support portion

of the support portions of each support post and the bottom section are set
not nore than the pitch of the support portions. : :



