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SUPPORT STRUCTURE AND PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of Japanese Patent
5 Application No. 2010—139'145, filed on Jun. 18, -2010, the
disclosure of which is incorporated herein by reference in its
entirety. '

» BACKGROUND OF THE INVENTION

10 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 apparatus.

Description of the Background Art:

15 [0003] In the manufacturing of a semlconductor integrated
circuit, a semiconductor wafer, e.g. comprised of a silicon
substrate, is generally subjected to various'types of processing,
such as film-forming p'rocessing} etching, oxidation, diffusion
processing, modification, removal of a natural oxide film, etc.

20 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

25 - procevssing 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 boat where the wafers are supported in multiple
stages

30 [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
" kept airtight. A predetermined heat treatment of the wafers is

.35 then carried out while controlling processing conditions, such as
the flow rate of a processing gas, the processing pressure the
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BACKGROUND OF THE | NVENTI ON 10Fi el d of the Invention: [0002] The present

i rventdion relates to a support structure for supporting objects to be

~ processed, such as sem conductor wafers, and to a processing apparatus.
Description of the Background Art: 15 [0003] In the manufacturing of a
sem conductor integrated circuit, a senm2conductor wafer, e.g. conprised of
a silicon substrate, is generally subjected to various types of processing,
such as flln}fornln PLocessin

et.chi QXi n, diffusion ocessi ng,

o 1 cat | oRTOPERgD PRI BELT di B M Bl SRR RRsHid &g 1S
ca][ri ed outahy exglmprh@ afshegtetn@tengept%lemswmg falnpaﬁoachmmgmtr:d\;\tkt]wdmcesses
wafers in a, on - nner. r a bat r.ocessin ar at us [
processes arbq HF&Y@@SOF%%FEP%%OMG?%‘?&%@' KB%EEEF ogtdn'hent CIB

sem conduct andwat.er (atomdurlayearmﬁpcslgorby using a verti cal batch 25
rocessi t di scl osed e. atent unent_ 1, s m'c uct or
\R/afers : ?‘56@@ f%sf U FR TR aogaé@é’t Pé“nqlhlg chﬁa t‘?&i@é'sg fality
of, e.g. abowtu%,ela/ﬁﬁ@i&, aOdarrvamdlealst\s/afcﬁf rbdatt:lm\@eheathlenstat rigy are
support ed Iﬂ'i | e s Hg 0004] The wafer .boat  can |;_J%Qera I%/ hol d
about 30 to %cPr ers? '%HEf’i‘ ghd iheeRicon afer 1Rtedra boat ,
housi ng waf AnSAtumrmlethIds Wtbtadledri\nilveamrﬂ:\eanuatﬂretlprwppwlng «aonaw ner
from bel ow, nlterl or _of the %)rocesm ng agynt ainer is kegt ai rt:ﬁg

pr edet er m n%a 17! BA8atThint SOF2% 9 hRPEPSEHY 28I PNENAYEE U@ FAM e
cont r olll0 nglayereess$i adfirandt tilnsatosnixh cas nhbledulaw lese¢ dhdawpiiohersi ng

gas, the proces ress the 111111111111111111111111 11111111111111
ARG 512 EET 0. el ol IS i ST o tetTomics dorn=] e gmil

an exanpl e Wafbﬁ@ttot e&@éssmelykn@fm télnh fFrureRy |§EtHi@€éfoIr€Cbed©nm°@
(chem cal va g_ osit on) tent o urrent nd ALD (atom c | ayer
deposi t i on) (5%“% lyt‘ﬁ% P;%?Q Wﬂitedﬁ; g haracteristics of
[Patent documents]
15 Patent document 1: Japanese Patent Laid-Open Publication No.
H6-275608 _ .
Patent document 2: Japanese Patent Laid-Open Publication No.
2004-006551 . '
Patent document 3: Japanese Patent Laid-Open Publication No.
20 H6-45256"
Patent document 4: Japanese Patent Laid-Open Publication No.
H11-87341 '

SUMMARY OF THE INVENTION
25 It is an object of the present invention to provide a
support structure and a p'rocessing apparatus which can
enhance the in-plane uniformity of the thickness of a film
formed on an object to be processed.
[0006] In order to achieve the object, the present invention
30 provides 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 from the bottom to
the top or from the to'p to the bottom, comprising: a top:plate
portion; a bottom portion; and a plurality of support posts
35 connecting the top plate portion and the bottom portion,
wherein a plurality of support portions for supporting the



. circuit elenments, a demand exists for reducing heat history in the process
of+ manuf acturing a sem conductor integrated circuit. An ALD nethod, which
i nvolves intermttently supplying a raw naterial gas, etc. so as to

" repeatedly formone layer to a few 10 layers of a filmat the atonmic or
nmol ecul ar | evel and which i.s capabl e of 3erform ng i ntended processing

wi t hout exposing wafers to excessively high tenperatures, is therefore

becom ng nore frequently used tent _.docunents 3 and 4). [Patent
Bocomonts] oDiphEa D HBLRFRAHSSAY A FOTE S ib Ra i SRR PASE E9NDn No.

H6- 275608 P@hénlfon%ﬂ@&l@ﬁfél diredtipaesfdPatenpittihi 6f GaensFppbreydrembiy.
2004- 006551, at ent doBléerraBt 3 Japaneée Pat ent L%I d- Open Publ j cation

No. 20 He- 45256tPargRt vd wistygaan slderiamion 4N§- Bper 8P 5148 i on

No. H11- 87341 tBdMYBRYdi¥ecttdn IOV bPYceébsing gagn obj ect of the present

I nvention to praovide a support structure and a processing apparatus which
can enha':—hcefpﬁ(@%n m%éHGnP'f%hn@%)tﬁ@fSkjﬁeomip&%ﬁ&%sfo %SﬂfqpﬂﬁrftoP%’d on an

obj ect to beopreoeepsrengl ¥ekts nt@r Ber grocasbeavest Bet okirgedr, drmeHy esent
i nvention rovi des-a support st‘:‘uct ure for suppor luraljty of

30 p \ ting a
obj s0t s to BOWSHESEREIRANAN 6 ANE SRS SN 51ROtk S8E TIOWORITECH

structure i gfwgl Fhoée@éi@@esg%gﬁ,gtaespfrb@é@sn‘rfg)rgééﬂecmtéagn;mehb@r ti¢e or
fromthe top to the bottdom %prlsm'%g;:é a top plate port]l_on; a bottom
post

portion; an8P&CSSur REtWEEsr 66F$ PG5 HOERSSEg lYHY t & piidiee

por ti onm @nd didven Siaeem Aakt bPBheIShe b tﬁepb%@éééihgobaguppﬂﬁits RRIkdPns for
supporting the .objects to be I[?ro_ces ed are _forned in each_FBs(lﬁpport post

al ong the | %Bpﬁgﬂ?lﬁaﬁo gNhearGRNedRaPIde HRIEN B Ré LEiGpPYICKNESSt Plons i s
set larger anfihe foMASH @AM Hdleobi@dtsonot ke Upsdc@ssBE| Bengn drhecHd ow
direction of, the processing gas. o
downstream side.
[0008] The present invention also provides a support structure
15 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 from one side to the opposite
side,- comprising: a top plate portion; a bottom portion; and a
plurality of support posts connecting the top plate portion and
20 the bottom portion, wherein a plurality of support portions for
supporting the objects to be processed are formed. in each
support post along the longitudinal direction, and the pitch of
the support portions on the top side and the pitch of the support
portions on the bottom side are set larger than the pitch of the
25 support portions in the middle area. '
[0009] According to the support structure which supports a
plurality of objects to be processed on the support portions of
each support post in a processing container structure in which a
processing gas flows horizontally from one side to the opposite
30 side, the pitch of the support portions on the top side and the
pitch of the support portions on the bottom side are set larger
than the pitch of the support portions in the middle area. This
makes ‘it possible to enhance the .in-plane uniformity of the
thickness of a film formed on the objects to be processed lying
35 in the top and bottom areas of the support structure. |
[0010] The present invention also provides a processing



5[ 0007] Since the pitch of the support porti ons of a support post for
supporting objects to be processed is set larger on the downstream side
than on the upstreamside in the flow direction of a processing gas, the

" processing gas can easily enter the spaces between objects to be processed

| ying on the 10 downstream side of the #l ow of the processing gas. This
nekes it possible to enhance the in-plane uniformty of the thickness of a

filmformed on the obpects to be processed, |ying on the downstream side.
[0008] The PPBIERUS nbRnt FBRMWING BREVIRIEISLeSTHPG BIPEEYHRG 161 f 8r

supporting gluralital ofyoblieotd eet shé opbec@ssees sesinisihg :be i g@asest in a
processi ng contatljner structure in which a processin as flows B?rl zfont'al |y
From one Si ABEDDPHOBpRERT e HIHEONEBHEN STTHECUre BTIBNatoe CABADIBIT
bot t om porthepsirandha pbjeatd ity Bk prOGOssedash@ IPOWIReh AOpFdeadsingp! at e
portion_and 20 {he bgttom %[%(r)tbl(&n, V\/nerebn g Iura!|t%_ of support Bortlons
for sup&ortgﬁﬁ_ 'ﬁlé{so [%‘_t§ . Brbdes 488 aPe Pér i BNeadP d&p Ft post
al ong the | ppgidHdi aaid doreeldsing ane Bdeopht6Pehfnd Ner SHEPPFdcEMihigons on
the top side and the pitch of the sugj&(}rt ortions 1Lon t he bottom %hﬁe are

set |arger $PRINRE SICRIWYER R SHOMSEr ts[gﬁb?tt“lr@ns QM SHRPARHAY e tAPea.

[0009] AccopHiatast @ot be pHerReskesit A Uvhiahi einspepontertedliHEg! ahy of
obj ects to be pcg_ocesngd on the snu{pport_ ortions. of each support post in a
fPULt &R |

processi ng WoHtHAYE QAGSSH'G (FIBHE4RFRhg SEELCHUrEws hoBRont al | y

from ong siggré@uthoropPeshteincdddmde dgde nbizzéd for introgueiry ta pewst i ons
on the top side and the %!itch of the support Ipo_rtlons on the bottom si de

R
are set |arigdp thanPieee PShCQPt@HtE%éﬁE'é‘FEU Sor BNoRXNaHSthE @R 18 1O ar ea.

Thi's mkes éi(h99§§iinl?_.]| e the ?%ﬁé@phéﬁei Nirpl aibee Urﬁﬁdﬁéﬁ'sﬁryg()f cbhgaineirckness
of a filmforned on.the obj ects to be proggssed |_}/1I ng 35 in the tOE and
bot t om ar eaStréCturR; Afhort NeBEING ypean p1hagngr dbenpbjestentPoReal so

provi des a pré¢essdIwHerRIIAaFRE W P e ricafrltt0ge ot mpresked &F Bbpedlate
processing of a plurality of objects to be processed, cg‘qr’*w})r|5| ng: a
verticai> opArteni of BIEEEi RGTEIORL aidft 3t PUEEAINY Vi mgorctagﬂmtéof
housi ng thecokhhBEtifgt Otihe RHPCESITRE FPWhtidh WA 8her &8 id paréish,f 1 ows
fromthe bottomto the top or fromthe top to the bottom a lid fOE‘ cl osi ng
the bottom WHETEHY & RWEahitycLfsi HPRBMH: aPAEFO8Er fOF urstiPRO iR otne

structure fgopjSHRPES B HridtRRIE e frhedPirPeRrIESupHbrihh6bt Gadnkhe

inserted into and wthdrawn fromthe processing container structure; a gas
10 i nt r oducth®doRgindinge | diaeaEoR, @Rd nide IRALGHOfi Hie URPOIF ROFHSNSNt 0 t he

processing o8k i|ageﬁbrwfhér@@wm_t%@ﬁwdé%% oor 5ﬁéfw¢'§ttrb%9ntshee

at nosphere | n the pfrocessing container structure; and a heating neans for
heati ng t heilbbpediewt@irgetignoeédbedprrofRsEng 98- support structure

conprises aj¢@P1p! atlfe present invention also provides a processing
apparatus for carrying out predetermined processing of a
plurality of objects to be processed, comprising: a vertical

25 open-bottom processing container structure which is capable of
housing the objects to be processed and in which a processing

.gas flows horizontally from one side to the opposite side; a lid

for closing the bottom opening of the processing container
structure; a support structure for supporting the objects to be

30 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
atm'osphere in the processing container structure; and a heating

35 means for heating the objects to be processed, wherein the
support structure comprises a top plate portion; a bottom



- 15 portion; a bottomportion; and a plurality of support posts connecting
the top plate portion and the bottom portion, wherein a plurality of
support portions for supporting the objects to be processed are forned in
" éach support post along the longitudinal direction, and the pitch of the
support portions 20 is set larger on thg downstream side than on the
upstreamside in the flow direction of the processing gas. [0011] The

present invention al so provjdes a processing apparatus for. car[ying out

predet er mi nRArHPBEedBith P o@'Lﬁ‘aBFYw gfl WPBPrngEgF% @QJ"%%CBF‘Scéé &8p

conpri si ng: giMar tidid|or? SaABERhBOHIREdD AT OS8ASHAY wmtr@rrmeamﬁ; uﬁﬂiw efivhi ch
ic

i s capabl e of housing the objects to, be ocessed and in pr ocessi ng
gas flows hoHPPBHAE @qrqur}%ﬁ%rﬁir@q%% fhe 031355& 6 bederoGessel B

cl osi ng thefd?%éawpeatﬁgsgbptohe ;Bb@?eél%‘rf% wtlah@wmwawca%%tm support
structure for sup porting jects to processed and whic an be

inserte® i "B aH'(\ieV\P'ttﬁBr QMWQ %thpp@éggﬂsn@rb(tjh?at%rs'gler@ tBe a gas

i ntroduct i ogjtpRaps ﬂwéclswﬁwtap@ﬁﬁoﬁgzghetH@rbdﬁtbh@cbi@ensr@ s |drmjer t he
- Ppr ocessi ng contal ner_ structure; an exhaust neans &?X haust i ng the

at nospher e ihan BeppBEbsef ihecRRPHePOstPHS: it £ ea[ﬁ‘ %%@E@?ng 35 neans

for heati ngm@fz?brﬁét subpobe ﬁr%%ﬁ@ﬂhnd\hﬁf@'mdd@sﬁhl@p@pFaﬁéfwtdﬂe
conprises a top plate portion; a bottaom grtlo urality of

support posthe coreRat AgVeRsianEan AV gYE: itBe gﬂﬁoi"’h'égb@ﬁjg'éﬁ‘\ LBEEOUSH,

wherei Q@ pheregkéty of support port| ons for supporting the objects to be

processed are fornmed in each SUB?)E(F) b ost . al ong the | angituydi naI d rection,
t

5 and the pi@@h3df Ackerdingote geBh MeERYPNs; aBECOhOfpithen of
the Supports@prw erbr‘i%Ebbe ;gb&—@‘ib(ﬁtefére*su deind tjethe t@l beh of

t he support t|o area. [0012 he suggort struct re and
t he processPF@C%‘W alsu $ebf Ei'?ﬂ@"pt%béﬁtel ‘é’ﬂtslfﬁla@aﬁ' hfRGB PRe thE! | owi ng

advant ageougpdfieidpctide [iPOtRE ﬁBV\PrcFIl'é@tlbﬁ brea pﬁ%ﬁsmgvgagl ONfhfshe

‘pitch of the SUP port portions of a support post for suppofting objects to
be proddssetpgibtatas I%Ttdjbéroﬁrﬁhﬁhér@@ﬁ\ﬁ%‘ﬂgeﬂrﬁssl'@@ tth&nSBACERDBHYERBam si de

in the f'o"‘bBié@c%t i8N ef sp?ro%@@eas'h@wdgaﬁ thBi golPnéaealnt sfks eMithi of the

processing gas into the aces between objects to be processed held on the
downst r eam SUEPOGE suﬁucgup@omagtnmd{cup@ssr@lﬁ. k9 £0hphssi bhe tirRiARSnce the

i n-pl ane unUf‘l%’Fh’ﬁﬁfYO(Sf gﬁé tqnht@rk@%%foé fRnh ifofhi & wtﬁe dR@BiRFbe to be
processed | ying on ownst ream si d
processed Iylng on the downstream side.
20 [0014] Accordmg to the present invention, in the support
 structure which supports a plurality of objects to be processed
on the support portions of each support post in a processing
container structure in which a procés‘sing gas flows horizontally
from one side to the opposite side, the pitch of the support
25 portions on the top side and the pitch of the support portions on
the bottom side are set larger than the pitch of the support
portions in the middle area. This makes it possible to enhance
the in-plane uniformity of the thickness of a film formed on the
objects to be processed lying in the top and bottom areas of the
30 support structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 is a vertical sectional view of a processing
apparatus'including a support structure according to a first
35 embodiment of the present invention;
FIG. 2 is a cross-sectional view of the support structure



- 20[ 0014] According to thern present invention, in the support structure

whi ch «supports a plurality of objects to be processed on the support
portions of each support post in a processing container structure in which
" a processing gas flows horizontally fromone side to the opposite side, the
pitch of the support 25 portions on thegop si.de and the pitch of the
support portions on the bottomside are set larger than the pitch of the
support portions in the mddl e area. This nmakes it possible to enhance the
i n-pl ane unﬁ%éWﬁ$ﬂ9 kGt Bé thickness of a filmformed on the objects to be

processed |ying i gFIg® BPA&?N:I Bhoararregnt AfieivizejlRRsvgaaig psiahest (H e.
BRI EF DESCRI ETI ON OF THE N [Ooéﬂa“ FIG 1 is a vertical sectional

W {
view of a ptbecz4PREraphadEis sHWHdIM shipport structure according to a

first ?5t ﬁ”bOdi ”E'FEGOI 4t ht§ < er%?]ih i §N9Wliil'1 ”Ef'ﬂéﬁiﬂ'%ﬂt%é?%%'tég?geﬂi%og?g
vi ew 0 e_support structure ~ shown in ; . an
are from vikwalang ysiforimisy of ?’Uﬁ‘e%h'icﬂfntef%;support structure shown in FIG

L _ - FIGFI&,1 & ajgr ghhy sitRvd I eethenaMedicdl &t & oprbleessiny pl ane
uniformty of filmthjckness; FIG 5 is a vertical sectional View of

a processi ng@PRPAHEUNGIHEIRG 35 YPRAPh ST USHY G ARCOTdNDrif iy &A% econd

embodi ment - @fm bBEiRreReHt thaRiidedit: invention; FIG 6 is a .
cross-sectional view of the support structure 10 spovvn in FIG 5

FIG 7 is a front Gewpiis asereas-agcpiantdeviaw ohéd §U§H8P9r§t5rtﬁéé:t#ree shown
in FIG1®: shown iAlf@G85ks a graph showi ng experinental data on step

cover age; : : : ; : :
FIG. 7 is a front view illustrating pitches in the support

" structure shown in FIG. 5;
FIG. 8 is a graph showing experimental data on step
coverage; ' :
15 FIG. 9 is a schematic view of an exemplary comparative
batch processing apparatus; and
FIG. 10 is a schematic view of another exemplary
comparative batch processing apparatus.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0016] Preferred embodiments of a support structure and a
processing apparatus according to the present invention will
now be described in detail with reference to the drawings. '
[0017] <First Embodiment>

25 FIG. 1 is a vertical sectional view of a processing
apparatus including a support structure according to a first
embodiment bf the present invention; FIG. 2 is a cross-sectional
view of the support structure shown in FIG. 1; and FIGS. 3(A)
and 3(B) are front views illustrating pitches in the support

30. structure shown in FIG. 1. The following description illustrates

| an exemplary case in which the processing apparatus performs
film-forming processing to form a film on a semiconductor wafer.
As shown in FIG. 1, the processing apparatus 40 includes as a
processing container structure 42 an open-bottom cylindrical

35 vertical processing container 44 having a predetermined vertical
length. The processing container 44 may, for example, be



15FIG 9 is a schematic view of an exenplary conparative batch processing
appar atus; and FIG 10 is a schematic view of another exenplary
conparati ve batch processi ng apparatus. 20DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS [ 0016] Preferred enbodi ments of a support structure

and a processing apparatus, according to7the present invention will now be
described in detail with reference to the draw ngs. [0017] <First

Enbodi ment > 25FI G is a vertical .sectional view,of pr.ocessi ng appar at us
i ncl udi ng aC%Wdefrq}@'%?eWbé@N%ﬁth& rgsistadit tiQ’rg‘S!é—I‘itmsnt of theIO
present i nvEngigninie p%olcés@irg edhtaeser aupls Worwerf at Wafanatt 46
structure shown in FIG 1; and )

i || ustratindspPt EHBROh %ﬁ{ECgUb%Oi%(S Wg&%tgﬂgﬂﬁéﬁ?%’ﬁr fsl%r%[]]i—elo\éaeq\&ofhe

fol l owi ng dga¢eiPiWOssi bbjsitsate e proxessed vreasepporivdd dh hheltiplecessi ng
apparatus perforns filmfo

m ng processing o forma fi|lmon,a
seni confuct PrA9RE-er .Th(% V@ rb.qaptFl % Vgﬁé’cﬁhbfc&g}’ﬂbl%p%%q atde he
| ncl udes asjsdtogespWardIgntintdeandt rwithdrawi? dovepgartiny tfromylthedri cal
35vertical processing container 34 halyl ng redetFrm ned vegti.cal_ | ength.

a
The pr. ocesBI P TdRPaiGIasAChaf* f or ré@(aﬁﬁF&,e éarer PRbsER & P4t 2
whi ch is hi ghhmpiesicdmposed bEaiuaft2018Thénwaler oxteds ognsistsanhar 44 is

housed a wafer boat 46 as a support s t i n which I it f
seni conduct &P v@ﬁé?spwtégnoﬂ%e%f%"@%e‘%reggrtggégd %Irtgogg’ oﬁ%&dépﬁsﬁul tiple

10 disposed at the bottom, and a plurality of support posts 60
connecting the top plate portion 48 and the bottom portion 50.
Peripheral portions of the wafers W are placed and supported on
support portions formed in each support post 60. The support
portions will be described in detail below. The wafer boat 46

15 can support e.g. 50 to 150 wafers W having a diameter of 300
mm in multiple stages. The present invention, however, is not
limited to the wafer size and the number of wafers. '
[0019] After the wafer boat 46 is inserted into the processing
container 44, the bottom opening of the processing container 44

20 is closed and hermetically sealed with a lid 62 e.g. made of
quartz. A sealing member 64, such as an O-ring, is interposed
between the lower end of the processing container 44 and the
peripheral portion of the lid 62 to maintain airtightness. The lid
62 may be made of stainless steel. The wafer boat 46 is placed

25 via a quartz heat-retaining base 66 on a table 68 which is
supported on the upper end of a rotating shaft 70 that
penetrates through the lid 62 for opening and closing the
bottom opening of the processing container 44. A magnetic
fluid seal 72, for example, is interposed between the rotating

30 shaft 70 and the lid 62 to rotatably support the rotating shaft
70 while hermetically sealing the rotating shaft 70. The
rotating shaft 70 is mounted to the front end of an arm 74A
supported by a lifting mechanism 74, such as a boat elevator, so
that the wafer boat 46, the lid 62, etc. can be vertically moved

35 together. ' _ ' '

[0020] A heating means 75, e.g. including a carbon wire heater,



5 stages. The wafer boat 46 is vertically novable and can be inserted
upwarddy into and wi thdrawn downwardly fromthe processi ng container 44.
The entire wafer boat 46 is, for exanple, conposed of quartz. The wafer

" boat 46 consists of a top plate portion 48 disposed at the top,. a bottom
portion 50 10 disposed at the bottom agd a plurality of support posts 60
connecting the top plate portion 48 and the bottom portion 50. Peri pheral

portions of the wafers Ware placed and.supported on support portions
formed i n elichPEBAL QJ’@é{n%Otha'hBr@G%%%ﬂg peantiadnerwir 3 dederthsed in

~detail bel Ogroaé@a febn*eameﬁlﬁztlénaafhéLﬁmréoﬁdgctoﬁowﬁééwecrh%W

havi ng a di aneter o mmin nultiple stages. The present invention,
however, i scaptaines ﬂ\ewq bnsige Waeéme@tla@ a?\%laft\ﬁe75vuﬁﬁ@rb6f oateds. A 0019]

Ater the Egr.rp?abuf&%drﬁ r'n'é%‘?fst%'f@troshbﬁlwn%c%s%ﬁé@ié%@?hﬂh@@r e the

bottom o \ﬁp ng 0 rocessi ng contai ner and hernetically
seal ed Wt hintd trdearzrczacezfsmﬁd@o@tala@arﬁ isppE@Videth afeitelower etdofas an

0-ring, is {f erﬁ@ée%aﬁtwntﬁﬁ dr%g%rssswg oritenBF 0uepsi ngrgontg@iger 44

-and the peripheral portion of_t mai_nt ai n alrtl ghtness.” The lid
62 may be nﬁ&éoduc§m rﬁT‘@@@Ss?@ellndtrﬂ@Sv@fFéHrBBEY of fPE @f%’éﬂez@m&a a

quartz heat ygel@hp gchea$€z somcﬁzzqéé)'%G%q]‘hBQh '?hé“?&@rhéﬂzl@}, t7ige upper

end of a rot ating s at penetrates t oug for opening

and cl osi ngt@ hegﬂoopﬁ@mt@t&u fgretghnehs osidei mpltoRfaither REOCRSFHAGhet i c
fluid sg | dZéntéﬁferez;@pabrﬁjy cdah éj]é@crgﬁgég f*Péh‘fVQﬂ'én‘h%rﬁtobﬁfd gas&%i&ft 70

and the rota support e rotating shaft
her neti cal | Y88eal8Q4y, t B&Ar otaiwerd SRef tbatdonTharest e@f r@%har@ca@snng

mounted to BRdIRM 480d QTR BFMIAY r SHPRAIERfYaS, bhfégrwzﬁﬁ;t@ada sm 74,

such as a boat el evator, et'™c. can be
vertical |y Abded IBirdRtGaS. MAY2DE ASKEht ARG rfé%sga@fﬁs eCayn Eﬁéhuéﬂeng a

carbon wire sing contai ner 44 so
that the prcs)ngysll%ﬁ a%%nét%SErigeér})"| %@ ngéﬁﬁrmlséedr?lcdé&l t§or \?vaf ers Win the
contai iy, [QDR3]i boises taebrersedgsheund, 4, caaﬁsge VRNt é@come to
|ntroduct|o I e 5-rN

ntgliner 4 qun%%bob@ Rormedt. dﬁbgv\ghgeﬁogﬂ%s g ECIS’(? Iel of

processi ng co rovi ded at the r end
the pr ocessaﬁguakby\tmrcrwdemjn Thdlapge i portbanch rovdashas Uhae ilaweardesda

luralit | ~ 82
The' gas. nosof SO RF3EERSA EoRfafifor ol 1L A9SdIBfe (B°pfvidea 22 g
10 cont ai necyhndrmﬂ dairjesst starls Mamfoltei ptf & - bAdteas B6I dher78A,
80A, 82fyto 69e§§\?1td°%‘nl‘%3h?érea449f %@%8@?8%@%&@%% L2 78 to

filmformn nH oxidi zi purge gas nay be
used, and t B igntlee Fﬁ@rml’@ddh be supplied as necessary at a control I ed flow

rate. [0022] An exhaust port 80, bent in a letter “L” shape, is
provided in the ceiling portion of the processing container 44,
The exhaust port 80 is connected to an exhaust means 83 for
25 vacuuming the interior of the processing container 44. The
exhaust means 83 includes an exhaust passage 84, and a
pressure regulating valve 85 such as a butterfly valve and a
vacuum pump 86, both interposed in the exhaust passage 84.
[0023] <Wafer boat>
30 The wafer boat 46 as a support structure will now be
described with reference also to FIGS._ 2 and 3. FIG. 3(A) show
a first example of the wafer boat, and FIG. 3(B) shows a second
example of the wafer boat. As described above, the entire
~ wafer boat 46 is formed of quartz which is heat resistant. The
35 wafer boat 46 is comprised of a disk-shaped top plate portion 48,
a disk-shaped bottom portion 50, and a plurality of support



15 [0021] CGases to be used should, of course, vary according to the type of

afilmto be formed. The gas nozzles 78 to 80 are actually provided in a

~ flange portion provided at the |ower end of the processing container 44. It
I's al so possible to provide a cylindrical stainless steel manifold at the

bottom of the 20 processing container 44, and to provide the gas nozzles 78

to 80 in the manifold. [0022] An exhaust port 80, bent in a letter "L"

shape, is provided i e ceilin portion of the, SSi ner 44.
The exhaustpﬁéﬁ &b q’é'cgoﬁﬂﬁefaga he &P ﬁ&ﬁs@oﬁﬁg @ Q)S:h BQE Ui ng
the interiopopfiohhgopr omscw.@gemcﬁhﬁ@ﬁt 4€heT§@pééF@l{ﬁist@E605 c8asigtcl udes

an exhaust passage 84,. and a pressure ul val 85 h
butterfly val &rgsd saRRATEUROSEPHOES, 6@%(1 %@@%Bm\feﬂ@ tqs%%gﬂqiéﬂjsqt

passage 84. %Qg?ﬂnéﬁ@élgral fhéoiémmﬁfc@marb%a Gsﬂért@@naoﬁ@ﬁé%h:mawcture
now be described wth reterence also to Fl 3(A) show

a f| r st 5exa¢1%'ﬂlé0‘é)*f ehea ekt , WRIerPGW3ERh dfowdaa ‘éErc?er B¥afpl e of

the waf er b l'ﬁaﬁNﬁe%Féh@@ %bwefrotrhetﬁet iotRerabemigariul4p arscfgla@d of
gquartz WhIC eat resistant. The waf er boat 46 is conprised of a

di sk- shapedwﬁlﬁfepm@ SURRQNtROIES 69%F%I@Q‘Haﬁf@d”88t&"@r\ﬁ"ﬁ@¢tlon 50, and a

plurality OEOQQnQ%QBp@%tﬁorﬁﬂarY@Iwf@ﬁrsmﬁmortthegtmfemsaweacr@rfcmﬁe@ and
t he bottom portion 5 hi s enbodi ment, the support posts 60 CépaﬁSt of

three suppofd Husianeosideosf eesd ahitde Efr‘ée%rw& Be ‘éﬁq@zQAl At

al ong tihe 5§f“§[!>;5{56'ﬂ>ﬁétérﬁ1ﬂé‘?(/bl§rbl@hgt ftﬁecuéﬁglt@rd|ﬁapcmfreelf|oe.f aTwef er W
Wafers Wcan be transferred éanot owntragfﬁ er armfromthe oégs
e i ded.

semi ci rcul asUBPErt; BOTHRESe B8e A@PRPMRIEEed HOA SUPRIIE HONRS
[ 0024] Suppﬁfhear b‘yOEEtﬁﬁgf Bhe SHRRY tidgs V6E ¢he WJ%)@rf PSR %@A% i nner

side of eac hree port posts 60A to 60C at ap | at e
interval s aPBhg t Wafeshgit Géﬂnaﬁ s PRertes INTRWIEIRI® sHta g8 BlYoELa@QQare

conpri sed 0(>e§ Al SRS &Qﬁémrémcehtﬂr@shbﬁolrﬂ boviedegpof the
to 60C. Wafers Wcan be supported |n ny | e sta

support es by

pl aci nd-%er [Q)ﬂ@rﬂl TB@rPF@%”Bf'”VﬁBt\% é?scmfﬁftﬁﬁ@%b@o‘i’hatggaﬁvgbtcg'o
of the support grooves 90 as the support portions 88 is set
larger on the downstream side than on the upstream side in the

flow direction of a processing gas flowing in the processing
container 44. In this embodiment the processing gas flows

20 upward from the bottom area to the ceiling portion in the
processing container 44. Therefore, the bottom or lower side

of the wafer boat 46 corresponds to the upstream side and the

top or higher side of the wafer boat 46 corresponds to the
downstream side. Thus, the pitch (spacing in the vertical

25 direction) of the support grooves 90 is smaller on the bottom
side of the wafer boat 46 than on the top side. '
[0026] In particular, the support grooves 90 are divided into a
plurality of groups along the flow direction of the processing gas.

In the example shown in FIG. 3(A), the support grooves 90 are

30 divided into three groups G1, G2, G3 from the bottom to the top
of the wafer boat 46, and the pitches P1, P2, P3 of the support
grooves 90 in the groups G1, G2, G3 are set as follows: Pl <

P2 < P3. Thus, the spacing between two adjatent wafers W is
made larger on the downstream side so that the processing gas

35 can easily enter the spaces between wafers W on the
downstream side. The pitch of the support grooves 90 is set



- 15 [0025] The present invention is characterized in that the pitch of the
supporst grooves 90 as the support portions 88 is set |arger on the
downstream side than on the upstreamside in the fl ow direction of a

" processing gas flowing in the processing container 44. In this enbodi nent
the processing gas flows 20 upward fromgphe bottomarea to the ceiling
portion in the processing contai ner 44. Therefore, the bottomor |ower side
of the wafer boat 46 corr onds to the upstream side and the top or higher
side of theCRRSERNBAALT Eﬁ@éﬁﬁ%ﬁhs to the downstream side. Thus, the

pi tch (spacip@2i7 trie \rﬁrmlbearl o Sweifé pg ticohe @uﬁﬁ@rt@@@ﬁréaahowe@w@o i's
smal l er on the bottom side of the wafer boat 46 than on the _top_side.

[0026] I n p8FreHes &, 1 Ke3 daphef €xaoeles 169 @l EnaiRy ke ﬁde%t &sukl i ty

of groups ab@ngub rfé@Wndtﬁ@Céﬂt(PrFe WatdiebBaO S S| ﬂmwsassﬂn’ﬁh@ exappl e
shown in FIG . 3 ort %)@es 90 are 30 ed into tthree groups

Gl, G2, T3 Arigh Irﬂafégt‘f"@ WH@Q SHPPRE Qﬁf'@rt Eﬁnt&r@ wai@rieabit ches

P1, P2, P3 Qf6 the \ﬁHPé’ﬁsfWQ:%?P‘b@s%p‘o‘rté@%rg’tﬁ@%u%or%ro@%@ 90sgf as
foIIovvs P1 <'P2 < P3. Thus, the SF@%‘ nafabetween t wo ad&gcent wafers Wis

made | ar ger €8&ht h@rAéRnst r Bafh Y@ t WMa{Bpr dCeLd §aUPs BHIY easily
enter the sepeaoghriturgnbualdteriipd e ct@rmaéearrbwc&ﬁ thee iRiprfhef the

SUPPOTL Or 00 Fes ity of Ehe thicknees of a'flm Tormed, 9" 1P

10 [0028] Regarding exemplary values for the pltches, the pitch P1
may be about 6.5 mm, the pitch P2 may be about 7.3 mm, and
the pitch P3 may be about 8.0 mm. These values are not
limitative.  The pitches P1 to P3 may appropriately be

- determined in consideration of the in-plane uniformity of film

15 thickness and the throughput that depends on the number of

' wafers which can be processed at a time.
[0029] Returning to FIG. 1, the overall operation of the
thus-constructed processing apparatus is controlled by a control
means 92 e.g. comprised of a computer. The control means 92

20 has a storage medium 94, such as a flexible disk, a flash
memory, a hard disk, a CD-ROM or a DVD, for storing a
computer-readable and writable program for controlling the
overall operation of the apparatus.
[0030] <Operation of the processing apparatus>

25 The operation of the thus-constructed processing
apparatus 40 will now be described. When the processing
apparatus 40 is in a standby condition before loading of
semiconductor wafers W such as silicon wafers, the processing
apparatus 40 is kept at a lower temperature than a processing

30 temperature. First, the wafer boat 46, holding a large number
of, for example 90, wafers W at room temperature, is raised and
loaded into the processing  container 44, which has been
brought to a hot wall condition by the heating means 75, and
then the processing container 44 is hermetically sealed by

35 closing the bottom opening of the processing container 44 with
the lid 62.



- [0027] The nunber of wafers to be supported in each of the groups Gl to &3
anpl e, 1/3 of the nunber. of wafers to be supported in the entire

ig, for ex
waf er boat

46. Thus, assuming that 5 a total of 90 wafers Wcan be

" supported in the enti re wafer boat 46, 30 wafers Wcan be supported on the
support grooves 90 of each group. The nyqber of wafers in each group may
appropriately be determned in consideration of the in-plane uniformty of
t he thickness of a filmfornmed. 10[0028] Regardi ng exenplary val ues for the

pitches, t
mm and th
The pi tche
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[0032] The wafer boat 46 holding the wafers W is rotating in
the processing container 44, and the gases ejected from the gas
holes 78A to 82A of the gas nozzles 78 to 82 flow upward in the
processing container 44 while passing through the spaces
between the wafers W. A film is deposited on the surfaces of
the wafers W e.g. though an oxidation or decomposition
reaction of a raw material gas. " The film deposition s
performed e.g. by thermal CVD. The atmosphere in the
processing container 44, or the processing gases flowing upward
in the processing container 44 while entering the spaces
between the wafers W is discharged out of the container by the
‘exhaust means 83 from the exhaust port 80 prov1ded in the
ceiling portion of the processing container 44.

[0033] The gases introduced from the gas nozzles 78 to 82 into

the ‘processing container 44 are gradually consumed by

deposition of a film on the surfaces of the wafers W while the
gases are flowing upward in the processing container 44. Thus,
the concentrations of the gases, such as a raw material gas and
an oxidizing gas, gradually decrease as the gases flow
downstream, i.e. upward in the processing container 44 in this
embodiment. In conventional processing apparatuses, wafers
W are all arranged at a constant pitch, and therefore the
amount of a processing gas, entering the spaces between
wafers W, decreases as the gas flows downstream, resulting in a
decrease in the in-plane uniformity of the thickness of a film
formed.



. apparatus 40 is kept at a | ower tenperature than a processing 30

tenperature. First, the wafer boat 46, holding a | arge nunber of, for
exanple 90, wafers Wat roomtenperature, is raised and | oaded into the

" processing container 44, which has been brought to a hot wall condition by
t he heating nmeans 75, and then the procegsing container 44 is hernmetically
seal ed by 35 closing the bottom opening of the processing container 44 with
the lid 62. 11 [0031] Wile keeping the interior of the processing

contai ner 440884 pceasding iedhgr BEeSENHJNYEALERR e 05y thenotharl hgnd,

vacuuni ng  BReppREASHINENE MUBHERT JHhovicsh 9de] X haets e ng Petwidih

tenperature of the wafers Wis rai to a processing erature by
i ncreasi ng PRdapeneWaigis Vedst et Ry s nrid ersevenyB eam bidRet R ¥ si ng

t enper at ur et 8 s'ﬂF@éﬁﬁC’md@r ¢HetIfE "F1BOF PireeeiDH F @2 i egéfbm%al@ﬁe gas

necessar% to car Yy out filmform Nng processi H:% are sup
nozzl es ¥8 Mcgzdmg%éf@gaﬁn@a@cﬁaﬁlhomﬁ@a e7§p|a|¢ﬁ§ belwvpescwadensg

10cont ai ner WM%M"“E & Mh@?#ééﬁﬂsﬁ&@ fthWrﬁ?tl% ]965?%@ @ Sat(tdeebrile.

waf er boat 46 ers WiI's rotat processi ng cont ai ner
44, and t hef@E¥ed QJ%CQ%%P*FE&JF\Q ﬁ@%@@%dﬂe@"@@@& 608255\”6?3@%@ gas nozzl es

78 t0 82 {1 oyoumANbrien s MERRSNI0Y rePBFahBE o 4ihbitenassi ngy 1By ough

t he spaces etween t ers eposi t surfaces of

the wafers Wehg arreves 89 mut@@c QdiﬁU@IS e bapesi tsewhnelt thilén 8(Ad, r aw
materiajg ga%héhﬁlﬁdﬂéa titAB 'réldﬁt%ﬁor”PQ & gp2 by tper Mt CMPafbe

at nosphere in the processing contal ner 44, he processing gases Tl ow ng
upward 20 i RPitafe t;b‘rlt'ﬁcéélgﬂgséénﬁ‘éﬁm\@fsemfrﬂmlﬂ“%nﬂ@ﬁtrrﬂjﬂmhél@paél@éN@‘et ween

the wafers E\éus)t ‘?Jfort g? s & th'éed%Wﬁ%‘é%rmbMo*eh‘%uEﬁ'é?Uﬁdé}Ba”ﬁw 83

fromthe ex rovided 1 n the ceiling porti t he ‘processi ng
cont ai ner 4@thFOOSQ]'d5rhéh§a§Ié@C|ﬂ§1 bedwesn tnemadiecgaé watensedV 78 the 82

N0 25 thehianeseierRoBrBLReGI4Aral tndiauliid e pRnSd TRAY dieRashi i on of

a filmon the sur%t;ces of 7t fe ases are ow ng upward
in the 1P oc@seung Gbntgtionr @4. andugrotie G3ncehtthiat gngast came ep&ibs, such

]?ls a raw mapgibal tHas HukAD BXtWHEeNINERErs INRANR! b e dHSaSegASUpRE 9ases
Therefore, even though the concentration of a processing gas
decreases as the gas flows downstream (upward), the decrease
in the gas concentration can be compensated for. The
20 formation of a film can therefore be performed sufficiently even
for wafers W lying on the downstream side of the gas flow,
making it possible to enhance the in-plane uniformity of the film
thickness. '
[0036] Thus, according to the present invention, the pitch of the
25 support portions of a support post for supporting objects to be
processed is set larger on the downstream side than on the
upstream side in the flow direction of a processing gas. This
facilitates entry of the proce'ssing gas into the spaces between
objects to be processed held on the downstream side of the
30 support structure, making it possible to enhance the in-plane
uniformity of the thickness of a film formed on the objects to be
processed lying on the downstream side.
[0037] Though in the exemplary wafer boat 46 shown in FIG. |
3(A), the support portions 88 are divided into the three groups
35 G1 to G3 such that the number of wafers is equal among the.
groups, it is also possible to divide the support portions 88 into



30 downstream i.e. upward in the processing container 44 in this
enbodi-ment. I n conventional processing apparatuses, wafers Ware all
arranged at a constant pitch, and therefore the amobunt of a processing gas,
" éntering the spaces between wafers W decreases as the gas flows
downstream resulting in a 35decrease M@ the in-plane uniformty of the

thi ckness of a filmfornmed. 12 [0034] According to the present invention,

bt woen adiGHOMHS Bl Shoy the SaioNaT G el B dBAReY PBR SR AaIBh on t he

upstream sitgieat M4 hig Hoqualdareshgothef gronpecesFhagnaasbeb A€ adivdiedl y, the
gas can easily enter the SE&;&E% en waters Won the do m si de,
0

_ e Ftre

maki ng |t SHEMAS & notol P B3 04 PN BUEIPEE e R FoaRe | n
t'hte ﬁas gir%.enggﬁt@%??ﬂwdl@f)aﬁ] ttﬁ@g\gafﬁ@ﬁ@hdétcaﬂé )Shdg/'lrﬁ{inf eler eSIhQE),t QhéEIGG
itches 0 0 € groqQves in fhe groups 0 : own, in

5(A). 16 t IRROEHEOrEErFRS Sieeanadad aec BRLIRURSET, G XL ¢ ch
thus i ncreasigsh SpSPYF e UG HIPSHT Ben Godastheuer siddein ahe ifrowas flow
to the downstream side &ulpper side): In other vvorgﬁ t&?e]edsp?ﬁm n Eetween
two adj acerftir@afiensOW3 PrOgESSHA | i sqthiarngdubhed Ihch ¢Xfs Ee

stepwi se i nyidif Q4epnothd dugsepnelside qpa @ R8I gThepld@gtis®ft beeé a gas
can easily enter the slpaces bet ween waf er

i n_the, upper .gr,oups.
Ther ef or e, AP i3 RPrHAR &Ye r@trr‘él‘ﬁghp'(sﬁ/véepﬁg‘a@g& O&S@%E@F‘%Qes as
- the gasgof | QystoWstsepart ypvard), the decrease in the gas concentration
can be conpensated for. The 20 formation of .a filmcan therefore b
performed d¥33&] éﬁt'lsyab'i%rﬁ’Q%ﬂb'\ﬁaPQrtstQAﬁﬁW‘ﬁ% the §Hé’p@6\§r@??l}é‘éﬂ§s§§e of
the gas flqyy tmKiRgfet Peati Bee neoerdianass t bati Bopkepethai fs@faftiih%SOf the

filmthickness. [0036] Thus, according tg the present inyention, pitch
of the 25 EHEPENJAIE SHRPOSE RPIRFOME $5UPPOSE WGOYES PRy B BENSTt o be

processed !t%eS%Tpalc@rﬁggraerim& flomsbheaghetHer tahed @raddellyisicreasesi de in
the flow direction of a '

processi n? gas. This facilit teg entrge OL t he
procesdbng 388G H® iAW SE&ct OBl EOHOEEFEES 935 be>HFBcR¥REMECGton the
downstreamsigle athidee 30 tREPPYAmMS! I UsdVaRtadBELBY idffdassi ki€ t enhenhance
the in-plane uniformt the thickness of a filmformed on the objects to

be pr ocess@b_q)\{/ﬁ?r@e%ﬂiéﬁgf‘d@\ﬁﬁ%tbp@éﬁ side. [0037] Though in the exenplary
waf er boat g[itﬁl?@?%bﬂgﬁ' ( tBeAbrobBesFipRAsha RS QhowES i F1di.vidgd into
the three oups” 35 G1to G3 such that the nunber of wafers is, equal anong
t he gas is allowed to flow upward from tvwe %ottom area to the'top
20 area of the processing container 44, the present invention can
| also be applied to a processing apparatus configured to allow a
gas to flow downward from the top area to the bottom area of a
processing container. In such a processing apparatus, contrary
to the apparatus shown in FIG. 1, the top or upper area of the
25 processing container corresponds to the upstream side of the
' gas flow, and the bottom or lower area of the processing
container corresponds to the downstream side of the gas flow.
Further, though in the apparatus shown in FIG. 1, the
processing container structure 42 has a single tube structure
30 consisting of the single processing container 44, the present
invention can also be applied to a processing container structure
of a double tube structure consisting of an inner cylinder and an
outer cylinder surrounding the inner cylinder. |
[0040] <Verification experiment>
35 "An e-xperirhent was conducted to verify the effectiveness
of the present invention.. In the experiment were used two



- groups, it is also possible to divide the support portions 88 into 13
grooups: such that the length in the height direction of the wafer boat 46 is
equal anong the groups. The nunber of divided groups is not limted to 3,

" but may be any nunber not |less than 2. For exanple, in the wafer boat 46
shown in FIG 3(B), the 5 support portipns 88 are divided into two groups
&, &b, and the pitch P5 of the group G5 on the downstreamside in the flow .

direction of rpcessi as js set larger than the pitch of t roup 4
on' the upst NETRT s Paete FawiRE ) te neAmsnd B ASh ™« he ¥ dapacsORvaToa Ray f or
exanpl e, bepabeuiaing 043t Bapheraigroblesf atfamged et Hqatckr 609t i
al so possible not to divi d? tEe. S gortgj\&g}tmns ES of the wafer aoat 46
into groupstBBOErsk: arNarep @laﬁég Yt SHRE UG IOV &SP TIHEeagat
(support grgopggh9er suchrhhatusing TP9Ci (@rmbrogiidney, NIMAe Npeigier and

gradual ly increase 15 along the flow direction of a ;%roces I n g_a_s. Such a
waf er boat PAACEEHING JAIRS:same iRt HEis 1187 f Wass TREMER @Ibovlc@&scri bed

waf er boat s\wdf@e@39heldamgthé nedpedinas esd Ry @rder ahessahtvtdridibidhs 1 a
gas is allowed to _fl ow upwar romthe hottomarea to the top 20 area of

t he processP gtrt?oﬁ‘cod?’rf@rteMQPttE@ BREEENttNEN PERELSRINCATRE & 8ppiNded to a
processing eReas s stogprawsedtet 0 Bhé PrcedRsng i s wiehn\iolvédap t he
top area to_the botto rea of rocessi ng confalner. In such a_processing
appar at us, GO rl&P‘Q’atrg] ?ﬂ@@aﬁ?ﬁ?@‘gﬁ@@h@ iWVﬁ“ﬁé t%,e £RE B6R2oPl fSer area
of the 12p pppeesssing COnhedifer. CorIespapdshbivd haatsioreathei fe-Phanhe gas

flow, and the bottomor_|ower area of the processi hg contai ner corresponds
to the downSPMEUMEYde0hor thee thickpess, c%urmf%r,?ﬁﬁhou@ﬁgff“ﬁ‘ec e Rppf&eat us

shown in Fl G pbrirhe®tPr GREFEGENS, CHE DRSS NG Idatesdhd st rfdd gtemt ube
structure 30 consi stlg?% %@t he singl e processi contai_ner 44 the present
pth

i nvention cEhcaPostyd dwades BpPakes %d’igggt%f‘ﬁepfsmﬁc?bﬁé'%@ a

doubl e t ubergpresd i AgCS battdigh, CAn@nthe et &yd irepeesandiry tRB®Ip.CY! i nder
surroundi ng_t he i_nner “cyl i nder. é0040 <Verification experinent> 35An

y
exper i int - A9 4ddnfiadl beosgen frp b ApdetinveHas &, Fommargideerthe
invention.. kB bhgrHRXeehvERRioNElr fvareedbb¥P having a small wafer pitch,

the use of the wafer boat having a large wafer pitch can obtain
su-perior in-plane uniformity of film thickness for all the wafers.
The use of a large pitch, however, decreases the number of
20 wafers which can be held in the wafer boat, leading ‘to a
decrease in the throughput. Thus, as will be appreciated from
the experimental data, the in-plane uniformity of film thickness
can be enhanced, without a significant decrease in the
throughput, by using a large wafer pitch only in that portion of .
25 the conventional wafer boat in which the in-plane uniformity of
film  thickness is especially poor, in particular the
downstream-side portion whose length is about 1/3 of the
length of the wafer boat, i.e. the portion lying higher than the
position at a distance of 670 mm from the bottom of the wafer
30 boat (the left side region in FIG. 4).
[0042] <Second Embodiment>
A support structure according to a second embodiment of
the present invention will now be described. FIG. 5 is a vertical
sectional view of a processing apparatus including a support
35 structure according to a second embodiment of the present
invention; FIG. 6 is a cross-sectional view of the support -



- 14 wafer boats having the sane length: one is a convent i onal boat havi ng
143 support grooves arranged at a pitch of 6.5 mm the other is a wafer

- boat having 85 support grooves arranged at a pitch of 11 nm Using DSC

(dichlorosilane), NH3 and N2 as 5 processing gases, a silicon nitride film
was formed on silicon wafers, held in tt® respective boats, under the sanme
conditions of the flow rates of the gases, the proceSS| ng terrperature and
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_ comprised of a cylindrical processing container 114 with a

closed top and an open bottom, and a cylindrical cover

container 116 with a closed top and an open bottom,

20 surrounding the exterior of the processing container 114. The
processing container 114 and the cover container 116 are both
composed of quartz which is resistant to heat, and are coaxially
arranged in a double tube structure. ' \

[0045] The ceiling portion of the processing container 114 is

25 formed flatly. A nozzle housing area 118 for housing the
below-described gas nozzles is formed on one side. of the
processing container 114 along the longitudinal direction. As
shown in FIG. 6, the nozzle housing area 118 is formed inside
an outwardly-bulging portion 120 of the side wall of the

30 processing container 114.

[0046] A slit-like exhaust port 122 (see FIG. 6), whose width is
constant along the longitudinal direction (vertical direction), i

formed in the side wall -of the processing container 114 at a
position opposite the nozzle housing area 118 so that the

35 atmospheré in the processing container 114 can be exhausted.

The length of the slit-like exhaust port 122 is equal to or longer



- 15 structure shomn in FIG 5; and FIG 7 is a front V|em1|llustrat|ng
pi*tches in the support structure shown in FIG 5. [0043] As shown in FIG
~ 5, the processing apparatus 100 nmainly conprises an upright processing
contai ner structure 102 for 5 housing objects to be processed, a |lid 104
for hernmetically closing the opening at18he | ower end of the processing
contai ner structure 102, a wafer boat 106 as a support structure for
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top and an an:tu@et sz asdsappxblrtemirbyab co¥edricait aavifolid 61 Mt B.g@. cl osed
top and an %ieg%ﬁg 20 S Pundi ng the exterior of the processing

contai ner 1 %Sﬁﬁ ont ai ner 114 and the cover container 116 are
bot h corrpos{edOéV]q‘ﬂlaetma/mmlid L1§24r basstanitst appeatendna ﬂaelgca)@mrajldry

arranged i-n oubl e .t.u tr cture 045],.The ceilin ort

o boteet ng 4o dinelHiEh° the) P4ty achiet) BOnBRerS LR ald 3 ¢ or
housi ngL@ herdv@untediea?dllbepp@acmﬂpzmegea‘alsggomgwbm folp:s) snsd:ehofast laen .
processi ng ont al ner alon udadil I rectl on I N
processi ng POMELNSL JhEAcRbERE BREWSR el d! RERANET B IR
portion 120|mheﬂm1@|@|%tmald0\rér tbﬁt@i@fﬁromﬁswg(e‘@mtthlenﬁﬁeﬂdr of GPs] A

lit-1ike exhaust t.122 FIG. 6 dth t_al th
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the processtimg-sorRippdeupplttatortion 130 is provided on an upper portion
15 of the interior wall of the manifold 124, and the lower end of the
processing container 114 is mounted and supported on the
support portion 130. The lid 104 is hermetically mounted to
the bottom opening of the manifold 124 via a sealing member
132, such as an O-ring, to hermetically close the bottom
20 opening side of the processing container structure 102, i.e. the
opening of the manifold 124. The lid 104 is, for example,'
formed of stainless steel.
[0048] A rotating shaft 136, penetrating though the lid 104, is
provided via a magnetic fluid sealing portion 134 in the center
25 of the lid 104. The lower end of the rotating shaft 136 is
rotatably supported on the arm 138A of a lifting means 138
.comprised of a boat elevator. The rotating shaft 136 is rotated
by means of a not-shown motor. A rotating plate 140 is
provided on the upper end of the rotating shaft 136. The wafer
30 boat 106 for holding wafers W is placed on the rotating plate
140 via a quartz heat-retaining stand 142. Thus, the lid 104
moves vertically together with the wafer boat 106 by vertically
moving the lifting means 138, so that the wafer boat 106 can be
inserted into and withdrawn from the processing container
35 structure 102. ' |
[0049] The quartz heat-retaining stand 142 includes four



- position opposite the nozzle housing area 118 so that the 35 atnosphere in

t he processing contai ner 114 can be exhausted. The length of the slit-Ilike
exhaust port 122 is equal to or longer 16 than the length of the wafer

" boat 106; the upper end of the exhaust port 122 is at the same or a higher

l'evel than the upper end of the wafer bo¢at 106, and the |ower end of the

exhaust port 122 is at the same or a |ower level.than the |ower end of the

waf er boat 106. The | ower rocess ng_container strycture_102 is
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138A of a | @gfel r@m 138 adwrpr psedesting b@@htalree/rat a4 Ttaqaohgt atHeng
shaft 136 | rotate A rotatlf_nq:hpl ate 140 is
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for hol di ngnmfzeé§ VBeat plrhcgd |efterhe L'otsiid gy petetrd4l ‘thaoaghuaiHe
heat -retainin 351&2142 Thus, .the lid 1 4 rmves vertically together with
t he waflet bbb ”ELf@ $&and @5?IV‘%§PI§’@Q" bifting means 138, so that the

waf er boat [06539n Axe dHHRAt B FIGO @ncthe tdul aysrdeemibiie ter AGRE S i
contai ner 3d|ss|:t)chgg<t:lurxr? %he nozzle housing area 118 of the processing
container 114 in a line along the circumferential direction. Gas
holes 150A, gas holes 152A and gas holes 154A are formed in
20 the gas nozzles 150, 152 and 154, respectively, at an
| appropriate 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 150A to 154A. The pitch of the gas holes 150A
_ to 154A is set such that in the vertical direction each gas hole
25 lies midway between vertically adjacent wafers W supported in-
the wafer boat 106 so that the respective gases can be supplied
effectively to the spaces between the wafers W.
[0052] Examples of usable gases may include a raw material
gas, an oxidizing gas and a purge gas. Such gases can be
30 supplied as necessary thou-gh the gas nozzles 150 to 154 while
controlling the flow rate of each gas. In this embodiment
zirconium tetramethyl is used as a raw material gas, ozone is
used as an oxidizing gas, and N; gas is used as a purge gas to
form a ZrOx film-by ALD. The type of a gas to be used should,
35 of course, be changed according to the type of a film to be
formed. |



- [0049] The quartz heat-retaining stand 142 includes four 17 support posts
146 (only two posts are shown in FIG 5) nounted in an upright position on
~ a base 144 and on which the wafer boat 106 is nounted and supported.  The
support posts 146 are provided with a plurality of heat-retaining plates
148 5 arranged at appropriate interval$8in the |ongitudinal direction of
the support posts 146. [0050] On the other hand, the gas introduction neans

108 for int ibng a_gas into .processi,ng container 114.is i ded in
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e

controlling flow rate of each gas. In-this enbodi nent zirconium
t et ramet hyl [08543ed\Wasfex beatrateri al gas, ozone is used as an oxidizing

gas, and N2 gas [3pUsel s BoBH PG6"33 LOsLgHBrE ARl Y AR pEe tyPe
described. As described above, the entire wafer boat 106 is
formed of quartz which is heat resistant. As shown in FIG. 7,
the wafer boat 106 includes a disk-shaped top plate portion 168
located at the upper end of the boat, a disk-shapéd' bottom
20 portion 170 located at the lower end of the boat, and a plurality
of support posts 172 which connect the top plate portion 168
and the bottom portion 170 and which support wafers W in
multiple stages. In this embodiment, the support posts 172
consist of three support posts 172A, 172B, 172C (see FIG. 6)
25 which are arranged at equal intervals along the semicircular arc
' portion of the circular contour of a wafer W. Transfer of wafers
is performed from the other semicircular arc side where the
support posts 172A to 172C are not provided.
[0055] Plate-like quartz reinforcing support posts 174 (see FIG.
30 6), connecting the top plate portion 168 and the bottom portion
170, are provided approximately midway between the support
-posts 172A and 172B and between the support posts 172B and
172C to increase the strength of the wafer boat.
[0056] Support portions 178 for supporting wafers W are
35 formed on the inner side of each of the three support posts
172A to 172C at an appropriate pitch along the longitudinal .



35 of course, be changed according to the type of a filmto be forned. 18
[ 0053]+ A gas outlet 156 is forned in an upper portion of the side wall of

~ the manifold 124 and above the support portion 130 so that the atnosphere

i'n the processing container 114, exhausted fromthe exhaust port 122 into

- the space 158 between the processing corgainer 114 and the cover contai ner
116, can be exhausted out of the system The gas outlet 156 is provided
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bottom area G8 are each set larger than the pitch P7 of the
support grooves 180 in the middle area G7: P6 > P7, P8 > P7/.
[0058] In the wafer boat 106, a space 182 having a wider width
20 than the pitch P6 exists above the topmost support groove 180A.
Similarly, a space 184 having a wider width than the pitch P8
exists below the lowermost support groove 180B. The pitch P6
of the top area G6 may be set equal to the pitch P8 of the
bottom area G8. The number of wafers to be held in the top
25 area G6 may either be the -same as or different from the
number of wafers to be held in the bottom area G8.
[0059] By thus setting the pitch P6 of the top area G6 and the
pitch P8 of the bottom area G8 wider than the pitch P7 of the
middle area G7, it becomes possible to facilitate entry of a
30 process'ing gas into the wide spaces between wafers lying in the
top and bottom areas, thereby enhancing the in-plane
uniformity of the thickness of a film formed on the wafers.
Though the number of wafers to be housed in each of the top
area G6 and the bottom area G8 is not particularly limited, in
35 order to facilitate wafer management, the number may be set
equal to the number of wafers W, e.g. 25, which can be housed



19 direction. The support portions 178 are conprised of support grooves 180
formed. by cutting the inner sides of the support posts 172A to 172C. Wafers
~ Wcan be supported in nultiple stages by placing peripheral portions of the
wafers Won the 5 support grooves 180. The di aneter of the wafers Wis, for
exanpl e, 300 mm and about 50 to 150 wefers Wcan be supported in the wafer
boat. [0057] The present invention is characterized in that wth reference

to the pitch of the.support_grqoves 180 as the support,h 10 portiqns 178, the
piteh ol thd AiricyBet et deeRrpREndo s S (ABCSRREN Y (e

support groomésr 180 effictdretlpopépivrsn deamsfepasf Wafgas Watp tthe mafdr of the
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Gr: P6 > PTL0(RS0} R&E defihdls lexdmplapy evahoss fd)6,.the spreRes8drhaneng a
wi der wi dth 20 ttﬁn t he [%I %ﬁg P6_exists a&%vgpgﬁﬁ {tﬁgrm t. s 8port roove
180A. Si ni | SHPROr,I5RQVES18UBHA, Fg 3SR » tA&nPERB % tRYPBCexi st s
bel O\t/)v thetlicmwaﬁ?n%tnﬁm%ttognggmnf 186k B“EFP pvtmyPgSeOfnTEhe ﬁang@rﬁ? €9
my e Sse ua (0] e pl ..0 e pottom ar . e er

maters to b5 RoiE TR nEndihes pi, PaS Ay 8Pt Mo thBerangs cab 26 4P
differemt fiem the nunber of wafers to be held in the bottom area GS.

[0059] By t tti t he piitch of. the top ar G6 and. the pitch P8 of
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spaces between wafers |yi in the top.and bottom areas, thereby enhancing
Lhe. i n- pl aneOmHol GTRATS drOE Ife Ot Hs QRIESEG1O% o COMPBFRed ArCOMPYisror 5.

Though t he pradermoforaperformime thuisederatieachs ostdrizel tikPa storage
15 medium 188 such as a flexible disk, a CD (compact disk), a hard
disk, a flash memory or a DVD.
[0062] <Operation of the processing apparatus>
A film-forming processing, carried out by using the
thus-constructed processing apparatus 100, will now be
20 described. The following description illustrates the formation of
a film, e.g. a ZrOx film, by the ALD method comprising a
repetition of the cycle of supplying a raw material gas, e.g.
- zirconium tetramethyl, and an oxidizing gas, e.g. ozone, each in
a pulsed manner for a predetermined time period. N, gas, for
25 example, is used as a purge gas. "
[0063] First, the wafer boat 106 holding a large number of, for
example 50 to 150, 300-mm wafers W at room temperature, is
raised and loaded into the processing container 114 of the
| processing container structure 102, which has been brought to a
30 predetermined temperature, and then the proceséing container
' 114 is hermetically sealed by closing the bottom opening of the
manifold 124 with the lid 104.
[0064] While keeping the interior of the processing container
114 at a predetermined processing'pressure by continuously
35 vacuuming the processing container 114, the temperature of the
wafers W is raised to a processing, temperature by increasing



- area &6 and the bottomarea G8 is not particularly linmted, in 35 order to
facilitate wafer managenent, the nunmber may be set equal to the nunber of
~wafers W e.g. 25, which can be housed 20 in a carrier box for
transporting wafers W Alternatively, in order to efficiently perform _
transfer of wafers Wto the wafer boat 206, the nunber may be set equal to
the nunber of wafers, e.g. 5, which can be held and transferred at a tine
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alternately and repeatedly in a pulsed manner as described
-~ 15 above, and a purge period is provided between every
consecutive time periods during which the processing gases are
supplied. The purge gas is supplied during the purge period to
promote discharge of the remaining processing gases. The
respective gases, ejected from the gas holes 150A to 154A of
20 the gas nozzles 150 to 154, flow horizontally toward the
oppositely-located slit-like exhaust port 122 while passing
_between the wafers W supported in multiple stages, flow
through the exhaust port 122 into the space 158 between the
processing container 114 and the cover container 116, and are
25 discharged through the gas outlet 156 to the outside of the
processing container structure 102. '
[0066] Because the gas holes 150A to 154A 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
30 laminar flow without causing a turbulent flow in the space
between adjacent wafers W. |
[0067] A comparative wafer boat, as will be described later with
reference to FIG. 10, has large spaces 24A, 24B (see FIG. 10),
having a vertical width larger than the pitch of wafers, in the
35 top and bottom areas of the wafer boat. A gas flows at a fast
velocity through the spaces 24A, 24B while the gas flows at a



. 30 predeterm ned tenperature, and then the processing container 114 is
herneti cal |y seal ed by closing the bottom opening of the manifold 124 with
the lid 104. [0064] While keeping the interior of the processing container

" 114 at a predeterm ned processing pressure by continuously 35 vacuum ng the
processing container 114, the tenperatupg of the wafers Wis raised to a
processi ng, tenperature by increasing 21 the power supplied to the heating

means 112, and the processing tenperature is nmaintai ned. The raw materi al
gas i s suppFi@y Yel@aibhihgaddhothe spaseobatwegawararisoWidying inedes 108,

ozone gas igopURR ebttoAMAMIBT PREZWairkP2poaRd WH?«hrg PO TR

[
supplied fromthe gas nozzle 154. Mre specifically, t mat er | aaf gas
is ej ected RBFPE®ItaERS I9Wm t he gas hol es 150A of the gas nozzle 150,

[ ' i 5 f pkh |
ozcne ges | F00KE! AchoAigtlathy pHOSANNGRAH OBl BACH peB o noze! o

152, and the purge gas 1s &jecte orizontally ol es 4A of
10 the gas RYPPOET1GPOVER L8 ifntRei P giea &fetaf tineHwaker dxate 1§68 to

f Zr X 5fid i 0 | atin
or o “oeme T3 DRI RSRRE SIphdf URSGLES M BURROIAE ool 19

- supplied al G it €1 WAtET BpSdt tBPyara masie detemthan tRedelehi Bédofis
above, and _@hé%@ﬁpﬁ?ﬂtf '%P@o'v%sorl@?d q'ﬁdtHJ@tﬁﬁ?@@lee‘é%?éi gg“-S?ﬁH%' WAdth "Ef

peri ods during whic processi ng gases are su € purge gas is

. p
suppl i ed duthfERaee Retyeer v &ﬂgaﬁﬁ@ﬁoW@fﬂr%d’ﬁdﬁg@WW"mﬁéer wheienimg

processjimg efan THedr i s i d f OAto
T5an oft 20 he R ad) PERRh, UheBsea® Al s:, A PR
opposi t el y- flevatva]ositiyt of ik Preceseing @as that lawsetheeeghgthetspages he

waf ers W supp@iica | ty} t r h W{ 122
into the-spggg 158 _lﬁﬁgnwf[éngrgggégj %df\ggﬁga%?n?lgjgn t%_‘én (gég{/égr
contai ner 148, BmKiadG bpogsiiRaiqatfficionty sHePhadheuprecessma gashe
outside of thenHR AeBeps WY container structure 102. [0066] Because the gas

hol es 150A to 154A are arranged such :
15 [0069] Since a film-forming processing gas can thus be

sufficiently supplied to wafers W lying in the top area G6 and

the bottom area G8, the in-plane uniformity of the thickness of

a film formed on the wafers W can be enhanced. It is as
described above with reference to FIG. 4 that a large amount of
20 a processing gas can be allowed to enter the wide spaces
between wafers W, '
[0070] Further, it is only necessary to set a wide wafer pitch in
the top and bottom areas of the wafer boat 106. Therefore,
compared to the case of setting a wide pitch in the entire wafer
25 boat, there is no significant decrease in the number of wafers
that can be held in the wafer boat, and thus the decrease in the

throughput can be minimized. '

[0071] Though in the apparatus shown in FIG. 5, the processing
container structure 102 has a double tube structure consisting
30 of the processing container 114 and the cover container 116
surrounding the outer periphery of the processing container 114
the present invention can be applied to any processing container
structure in which a gas is ejected horizontally from a gas
- nozzle having a number of gas holes, disposed on one side of a
_ 35 processing container, and the atmosphere in the container is
exhausted from a vertically extending slit-like exhaust port

!



. that each gas hole lies at the sane |evel as the space between adjacent

waf ers- W the respective gases flow in substantially 30lam nar flow w thout
causing a turbulent flowin the space between adjacent wafers W [0067] A
" conparative wafer boat, as will be described later with reference to FIG
10, has large spaces 24A, 24B (see FI G 230), having a vertical wdth |arger
than the pitch of wafers, in the 35 top and bottom areas of the wafer boat.
A gas flows at a fast velocity through the spaces 24A, 24B while the gas
flows at a PFRViled arltbei @pPPRiteusiie RE thpap ERCRZS NEeFO MBI IBES. W I ying in

the top and @gtﬁzg]”k‘?ir\%éa?ifoﬁ be %Eeéop@@é ewhich may cause a turbul ent gas
flow [0068][ ccording to the present inve%tion, the pitch P6 of the 5

support grooves 180 | AXPREIMEPLarfes GvaHatin waferstBPat CAVBragRl RS pitch
P8 of the S%B'ﬁ?fd%@ﬁo‘ﬁh‘é‘?ﬁgilgg 'r@sé%%n%téﬂﬁ%ﬁéﬁ% & %fhotvb‘l’iB}é‘?fFeIrG%O% 106

are nade Iarger than the ~t™he 'support grooves in the middle
area G7.5Thé&éhiwdgh of t hE) spPaeeekperbarNtwyv el adead fuerwal@n sbeats made

w de in 10 h%‘%/iﬁgptr?é‘%amétl%ﬁ‘[g%h‘?as?@ i’s‘“ﬁ é%\f]érﬁﬁén‘a’ﬁ’&da‘tcﬁséaggetﬂﬁf'ow
vel ocity of a processing gas that flows through the spaces bet n wafers W
lying in t heUPHPrireo@eea i raRgssbetom Riteh ©B 8.Fakniy thepotemiie ao

?:erggfnmt Lméﬁé‘?pwaf h?axﬂhgcggséﬂﬁﬁa?‘gedr%dﬁ% %F@r'i@e&vatl%, Eﬁ:‘éﬁgbf igice a
g processing gas can thus sufficiently suppli to wafers W
lying in thénfbp aveingszisanike Hetramelied asd toeone- pramsoGaEsdIg ty of
docer "SRR, B IO T aenc eSS SRR SRy it
' respective boats, under the same conditionsgof the flow rates of
the gases, the processing temperature and the processing
pressure. The processing gases were allowed to flow
horizontally through the spaces between the wafers W as shown
15 in FIG. 5. FIG. 8 shows data on the step coverage obtained in
the experiment. The measurement of step coverage was
performed for the center and the edge of each wafer.
[0073] As can be seen in FIG. 8, when the pitch of wafers W is
narrow (8.0 mm), the side coverage is as high as 61.9% and
20 thus is good in the edge, but'is as low as 20% and thus is poor
in the center. On the other hand, when the pitch of wafers W is
wide (16 mm), the side coverage is 69% in the edge-and 73.1% -
in the center, both indicating good side coverage. The
experimental data thus verifies that the use of a wide wafer
25 pitch can enhance the step coverage of the film formed on
wafers lying in the top area (G6) and the bottom area (G8) of
the wafer boat. _
[0074] Though a ZrOx film is deposited on a wafer in the
: apparatus shown in FIG. 5, the present invention, of course, is
30 not limited to deposition of the particular film. Though the
apparatus shown in FIG. 5 employs the ALD film-forming
method which involves alternate supply of a raw material gas
~and an oxidizing gas, the present invention can, of course, be
applied to other film-forming methods, for example, the CVD
35 method in which a raw material gas and a gas which reacts with

‘the raw material gas are simultaneously supplied to wafers.



- 20 a processing gas can be allowed to enter the w de spaces between wafers
W+ [0070] Further, it is only necessary to set a wide wafer pitch in the
~top and bottom areas of the wafer boat 106. Therefore, conpared to the case
of setting a wide pitch in the entire wafer 25 boat, there is no
significant decrease in the nunber of wders that can be held in the wafer
boat, and thus the decrease in the throughput can be mnimzed. [0071]

Though in t aratus shown in F G Si contal ner ructure
105 Sas o abiereTrSaE oRaticior Wate: a8 AbISeRLFSTRE HItsessetgieatilcs: ner
114 ‘and thejrcaner p?@@b@ltnﬁ‘rvelrﬂt@oﬁWlh@ﬂlﬂ\denglltchﬁn @u&f%rrspahldphewp@tutdte
processing cont.ai ner resent inventio e ied to n
processi ng E%m'QPHgPéPFuEE'E? aitﬁSWﬁPEh QBR% gégt @ﬁor?tzco from
a gas nOZZ'pr@@é’hﬂglﬁvéHtﬁbﬂ eangasiskol pe, é#bﬁ@@éedoono@tﬁlér&t?pe@f &f
35processin I ner nd the atnosphere.in the container is exhau ted
from & vor PEBPTYALER: cThaos BIASH DReCEAHEIS B URrS e BT GlAeR A0

opposite si dﬁ/ggtfaltd"[gpmy)(d@_&ﬁt@g contai ner. [0072] <Evaluation of step

cover age> ment for %yal uation of ste coverag

conducted uE99g61 BrattReriatopaatie 45 akbane Prbet e willotgw 7. 1n
the experinpatdeecebeged two wafer boats having the sane | ength: one |s a

conventi ona V. 117 support ooves, arranged_at a pitch

t he ot her iL ﬁg&éf Q?Idéoag h%'tﬁ?‘ﬂg §gb a&r 0‘6%‘2 afr %e&xﬂnﬁﬂ'ﬂyt ch of
16 mm 1si ngomfgmm@ b@ltd?&rm‘fo@dssﬁ‘mﬂ appacatss, PanceFIGNg100shasnes.a a Zr Ox
fllmvvasforrre the respective, boats

ALD on wafers nder
the same coReie m%récofv'ﬂ% quowapgﬁiggrofet(ﬁ@@é%s b\é%sﬂ?ﬁ ch
t enper at ur eppddesdin PEPPRATILNY, PITERS WrocesBhd rawasr%m@ gﬁéw‘n Werer@l | oned

to flow horbzosntaalpll%cters”sf)nggha;:Epr)]aeras GBS e WP Tows §%58 %"
flow from one side of a processing container toward the
15 opposite side in the longitudinal direction of the container. As
shown in FIG. 9, the processing apparatus includes a quartz
open-top processing container 2 as a processing container
structure. The bottom opening of the processing container 2 is
_ openable and hermetically closable by a v'erticallly movable lid 4.
20 A quartz wafer boat 6, holding wafers W in multiple stages at a
predetermined pitch, is housed in the processing container 2.
The wafer boat 6 can be inserted upwardly into and withdrawn
downwardly from the processing container 2. Gas nozzles 8,
10 are inserted into the bottom area of the processing container
25 2 so that necessary gases can be supplied to the bottom side of
the processing container 2. |
[0078] An exhaust port 12 is provided in the ceiling portion of
the processing container 2, so that a gas flows from the bottom
area of the processing container 2 to the top (ceiling portion),
30 and is discharged from the exhaust port 12. The flowing gas
makes contact with the surfaces of the wafers W and forms a
film on the surfaces through a CVD reaction. A cylindrical
heater 14 is provided around the outer periphery of the
processing container 2 so that the wafers W supported in the
35 wafer boat 6 can be heated to form a film by CVD.
[0079] The processing apparatus shown in FIG. 10 is a



- 15in FIG 5. FIG 8 shows data on the step coverage obtained in the
experient. The neasurenent of step coverage was perfornmed for the center
and the edge of each wafer. [0073] As can be seen in FIG 8, when the pitch
" of wafers Wis narrow (8.0 nm, the side coverage is as high as 61. 9% and
20 thus is good in the edge, but is as Ppw as 20% and thus is poor in the
center. On the other hand, when the pitch of wafers Wis wde (16 mm), the

side coverage is 69%in the edge and 73.1%in the center, both ingdicating
good si de cg\V@Faéé'.ngoﬂ@%@(@Hsﬁé?ft 5ﬁed5vae(i c elai(fliq\’?é% §hdast ke US¥W of a
wi de wafer Byrpididaliarrerhagae khge sbepacoeetiagd pfoddusihyl momanmer on

wafers lying in the top-area (G5) and, the botfom area (G3) of e fer
boat . [0074?0WQ9W% %Q&S'ﬁﬁlﬁﬂiesoget&?sicp&gam?ra %ﬁé}ow% 't"hgagppﬁﬁat us

shown in Fl ghedpatde ;ﬂfo%%%@ing'r; nYSha FPtus PhcltRI€sS e, precddsintplcantained to
deposition.of the particular Tilm Though the apparatys shown in Fl G

enpl oys EtheSWLLEFtHrFém Br RGP IRENSL d Ohni T h GURTEF v €028 € eiGtht PTOGERFY Df 5a
raw materi akogdgimetd 88, 0%ind ZhNg eAsz tHBSBHEESH! coweentddmtaaBr afg
course, be applied to ofher filmform ng methaods, for exanple, the CVD 35
method i n WAPBRCRtFERIInBHF(RUNGHAT AR L1EHTRATSRCE B LB SnPrACERS NG
naterial gagontgirfermilg, anERESbytEPPbpRMihE BRtRES proddssitlly Tbontainer

Sem conductor wafer as objects to be proceSsed, usable in the present
i nvention, PHYGKHEesRPi to@Rgiakle 8 mﬁﬁeaﬁxw%&mgtev auidi 44t es

such as)2Ap, gBldrtz GdFercboatTPE, MASERG WAYERY VPnncafuRiple beagdy) ied to
ot her types of 5 subiéhrat es, such as g{l ass or cergmc substrates for use in

liquid crysDAUSAGHN NI BFPEESSINDERSI AR R % y T 81 Deapraft &l ng
ggpg;g;&sgf ly:)\@ ihsaredde plesediybatto EHY WithiFawh dowawaretyefrahh cthd ew of
processing container structure 20. Gas nozzles 26, 28 are
inserted into the processing container 16 from its bottom. The
15 gas nozzles 26, 28 each have a Iargé number of gas holes 26A,
28B ai*ranged in the longitudinal direction of the nozzles, and
necessary gases can be horizontally ejected from the gas holes
26A, 28A respectively at a controlled flow rate.
[0080] A vertically extending slit-like exhaust port 30 is formed
20 in the side wall of the processing container 16 at a position
opposite the gas nozzles 26, 28. A gas, exhausted from the
exhaust port 30, can be exhausted out of the system from a gas
outlet 32 provided in a lower portion of the side wall of the
cover container 18. A cylindrical heater 34 for heating the
25 wafers W supported in the wafer boat 24 is provided around the
outer periphery of the processing container structure 20. The
wafer boat 24 is placed on a heat-retaining stand 36 including a
plurality of quartz support posts.
[0081] The wafer boat 24 includes a plurality of, for example
30 three, support posts 38 (only two posts are shown in FIG. 10)
which connect a top plate portion and a bottom portion.
Wafers W can be supported by the three support posts 38 in
multiple stages at a predetermined pitch.
[0082] In the processing apparatus, a film is deposited e.g. by
35 ALD on the surface of each wafer W by horizontally ejecting a
raw material gas and, for example, an oxidizing gas alternately



10 conparative batch processing apparatus, and FIG 10 shows a schematic
virew of anot her exenplary conparative batch processing apparatus. The
processi ng apparatus shown in FIG 9 is a processing apparatus of the type
" which allows a gas to flow fromone side of a processing container toward
the 15 opposite side in the |ongitudingedirection of the container. As
showmn in FIG 9, the proceSS| ng apparatus includes a quartz open-top
processing contai ner rocessi ng cont e tru re. The boftom
hatspehdl ¢8 |

openi ng of &R b‘?%%%'é%qnh(gfr ¢ B9 halesy En@EScAPEF!IES osabl e
by a ?/tert: cably 2@vablEhéi Cba‘bteSZOM\ (ﬂhértérd@éﬁlﬂgoat%ﬁtalhiéﬁdl ne vefeers W
in i pl e stages is housed_in the processing
cont ai ner 2d! SF%% \Qz?l‘t ﬁﬁ@ﬁt C%Q:aﬁn] gyﬁ&@%@@dﬂ'%p@?ﬁi y3Pnt @%df'\ﬂlaﬁWdr awn
downwar dly Hisohdrige P botesstihg g@t@@h febn? theagasoaaties 32 é)roWdéHtew t

so tha

inserted intqg the bottoma si ng cont ai ner

necessa%y 39&’%’%05@0@@{)‘%6@ Q@ Wﬁ‘gl gﬁﬁ@nﬁ: Yeie contafehlSeessi ng

cont ai ner 2[0099]8/]\5/3@@%&1@@& a@@lvte i 'tﬁepbﬁcyté@sﬂnfgn i raelli lower tion

of the pr ocessll:ﬁcg cQnt ai ner 2 hat aé‘|%| s flows orpot he bottom area of
nt

t he processithg i nr pfoFS’SFHEQtSBS(§ RS pr f11BM)forayNgn g3 Is

di schar ged frft@ﬁdbh@deh'ﬁt@%hepbbttdr% ares bfmww@r@@ésgm@%m@ﬁﬁér nth the
sur faces of tae waf er s and orms, a filmon the surfaces throu%h a, ‘cvD

reaction. AGB{ F'?ﬁilrg%%lf P BPWarg én PR IRTQE RSB ICORE B8 e PBAI [Shery of

t he. pr qw)essurm:rfaq*g@@l n@ut 2p$0thBatcdrtainef efro swrpPoskREusE blaet 33 waf er
boat 6 can be he 0079] The proceSS| ng appar at us

dt ma filmph
shown in FI B0V Q‘f '8 ?bg CBF'H&%SEPH@ngﬁg Q%%sp C@%”Qyﬁ@n&ﬁ 1 ows a

gas to flowaborHa& grorlekyin PFWEdepRiard merthec FoBeSsiegs chatspeai ner
toward the Bm?gmde qq{ae contdgp fBln Flgﬁslo t he batch

processi ng AppaEaPIRCEIRINGdI83SdSH ?ﬁém@e\r&fakm%é@ﬁm@@n of

consi sting ef fifmaaaid, Zti¢é rsfettel Ofth & 'QARSSAIMEtIANIGH BRE pPocdsding @wartz
cl osed-top cov ai ner 18 concentri cal | y surroundi ng the circunference

on
of thel érocﬁg%‘gH@ﬁ @i9"3€S16. The bottom openi ng of the processing

cont ai ner smganlrerh%o ¢§n@@ﬁﬂ@wa¢ @rascaggnﬁlgsbbh@u@sa@ug Bysa thied 22.
ho | e stages, is housed

10Aquartz fe waf ers, W1n
in the pr ocE\é\gb c@gfjﬁ:ﬁ%@sﬁé int @%f%'fﬁﬁﬁ'tb@f&é}? bhigkness ef thewar di y
into and W'Flhﬂrﬁj’lﬁhﬂéé%‘r\f‘@vs‘fé&s‘cV\P'ﬁ‘etlbempﬂ?@@ééﬁ' A& YR Warer Bsatiee 20.
Gas nozzles 26, 28 are inserted into the processing container 16 fromits
bott om TheESpecially in the case of a multi-layer device structure having
- 20 large surface irregularities, i.e. having a large gas consumption
area, the decrease in the in-plane uniformity of film thickness is
significant for wafers lying on the downstream side of the gas
flow. |
[0085] In the processing apparatus shown in FIG. 10, while
25 wafers W are held in the wafer boat 24 at a predetermined
constant pitch, spaces 24A, 24B, each having a larger width
than the spacing between two adjacent wafers W, are formed
respectively on the top side and on the bottom side of the wafer
boat 24. The conductance for a gas flow is therefore Ialrger in
30 the spaces 24A, 24B than in the narrow spaces between wafers
W, whereby the flow velocity of a gas flowing though the wide
spaces 24A, 24B is higher than the flow velocity of the gas
flowing between the wafers W. This causes a turbulent gas flow
in the wide spaces 24A, 24B or their vici'nity, resulting in low
35 in-plane uniformity of the thickness of a film formed on wafers
W lying in the top and bottom areas of the wafer boat 24.



.15 gas nozzles 26, 28 each have a | arge nunber of gas hol es 26A, 28B
arranged in the longitudinal direction of the nozzles, and necessary gases
can be horizontally ejected fromthe gas hol es 26A, 28A respectively at a
“controlled flowrate. [0080] A vertically extending slit-like exhaust port
30 is formed 20 in the side wall of the2processing container 16 at a
position opposite the gas nozzles 26, 28. A gas, exhausted fromthe exhaust

port 30, ca xhaust ed out, of the systemfroma gas outlet 32 provided
in a |lower Eggﬁlén éf‘ e spERehalRNGt 3% E69EF tgﬁﬁ%ﬂ“al Ve, the

cylindrical pregkae 3thVdaritibaat engHles 28nhafrRiemBhsupepr tek | Nnt peavef er
boat 24 is prqyvided around the outer Per_phﬁgy of ,the processing contai ner
structure 2@.”'%@@“%{){1‘@?tB§a‘§h'§Knﬁ§5;ﬂ’ agddneformedn &fafieidng stand 36
inctuding a plurality of quartz support posts. [0081] The wafer boat 24
includes_a plurality of, for exanple 30 three, support posts 38 (only two
posts ar® shown in FIG 10) which connect a top plate portion and a bottom
portion. Wafers Wcan be supported by the three support posts 38 in
mul ti ple stages at a predetermined pitch. [0082] In the processing
apparatus, a filmis deposited e.g. by 35 ALD on the surface of each wafer
Wby horizontally ejecting a raw material gas and, for exanple, an
oxidizing gas alternately 26 and repeatedly fromthe gas hol es 26A, 28A of
the gas nozzles 26, 28. The gases in the processing container 16 are

di scharged fromthe slit-like exhaust port 30, and finally discharged out
of the systemfromthe gas outlet 32 provided in a | ower portion of the
side wall of the cover container 18. [0083] As described above, in the
processi ng apparatus shown in FIG 9, a processing gas such as a
filmformng gas is introduced into the bottom area of the processing
container 2, and the gas flows upward in the processing container 2 and is
10 di scharged out of the container fromthe exhaust port 12 provided in the
ceiling portion of the processing container 2. As the processing gas flows
upward in the processing container 2, the processing gas is gradually
consuned by the formation of a filmand, therefore, the concentration of

t he processing gas l1l5gradually decreases. [0084] The conventi onal '
processi ng apparatus thus has the probl em of decreased in-plane uniformty
of the thickness of the filmforned on wafers Wheld in the top area of the
waf er boat 6. Especially in the case of a nulti-layer device structure
havi ng



20 large surface irregularities, i.e. having a |l arge gas consunption area,
the decrease in the in-plane uniformty of filmthickness is significant
for wafers lying on the downstream side of the gas flow. [0085] In the

" processing apparatus shown in FIG 10, while 25 wafers Ware held in the
waf er boat 24 at a predeterm ned constapg pitch, spaces 24A, 24B, each
having a | arger width than the spaci ng between two adj acent wafers W are
f ormed respg&tlvely on tge top side and on the bottom side of the wafer
boat 24. Thd&VRehie A alBETfiS: a gas flowis therefore larger in 30 the
spaces 24A, 24B than in the narrOM/spaces bet ween wafers W whereby the
flow velocity of a gas flow ng though the w de spaces 24A, 24B is higher

t han the flow1veIéelton§UPP@r§a§tWHQ5Mrﬁgf@étﬁé@@oﬂﬁﬁﬂha¢e¢§UV$lﬂmlg causes

a turbul ent oggectd ay itet ﬁ)dééb%cﬁ@ﬁﬁstg% HEHeEchM raVv ,
resulting in ??w 35 1n- Iane uni f y of Fhe t hi c?(ness of b?b@é%%%nfgor med

on wafers VEPPIAEEM Sttﬁ%dtqﬂ? aRd E: oﬁt Hresessing I‘@a%/aﬂ@WSocfé@n’Eéihe 27
[0086] On tphetedireto ftﬁfédto@%rdﬁéﬁﬁ ithedthe el ﬂ?@‘b\(ﬁt ﬁﬁﬁ‘?é‘tnd .nvention
enabl es enhancerrent of he in-plane uniformty of t ness of a film
fornmed on wafers. Ate POTEICK med i s: 1. A support structure for

supporting a pl urglb@mo(pﬁ P tesHh & an@ be processed and to be disposed in a
processi ng. cont ai ner struct ure in which a processi naﬁgas flows fromthe

bottomto the t op@oP HFalitY nef t BpPPart heosks t epnneskpd Sihky: tep t BlatE at e

portion, ertiom aAH! {1 boBem portiord plurality of support posts

connectlng he toggplate ;OFIIOH and t he bottom portion, wherein a

plurality of supp t ! sed
ensan 13 FHYra bty QlippdP PPRY POREICH EeE SURPATEING dbes

are fornmed pBj @@t@htéUBQOprtodféﬁstecﬁ'aQégféﬁﬁeHOW'éétqt %@J ) Ftepbsemh oﬁ the
pitch of th\?ﬁgﬂg@mt gortl:c(ﬁ)lns is set |larger on the stream si han on

the upstrea GifHe@l 6@FBPP@CQHGnthﬂ Rikeh p?foUé%sﬁU@D@éts POFUOHS

is set larger on the downstream side than on the upstream side
in the flow direction of the processmg gas.

2. The support structure according to claim '1,'

wherein the support portions of the support posts are
divided into a plurality of groups along the flow direction of the
processing gas, the pitch of the support pottions being the same
in the same group and different between different groups.

3. The support structure according to claim 1,
wherein the spacings between the support portions. differ
from one another along the flow direction of the processing gas.

4. The support structure_éccording to claim 1,

wherein the support portions are comprised of support
grooves.

5. A support structure for supporting a plurality of
objects to be processed and to be disposed in a procéssing
container structure in which a processing gas flows horizontally
from one side to the opposite side, comprising:

a top plate portion;

a bottom portion; and



2. The support structure according to claiml, - wherein the support
portiens of the support posts are divided into a plurality of groups al ong
the flow direction of the processing gas, the pitch of the support portions
" being the sane in the sane group and different between different groups.

3. The support structure according to chgiml, wherein the spaci ngs
between the support portions.differ fromone another along the flow
direction of the processing gas 4. ‘The support structure accordlng
to claimi, anHelusa HtY h@fsapp@fqrtp@ptstangoarn@cémﬁ)rt@@dt@p fUpkRIrt
grooves. ortich AN EHREBdttdhh %m@nfor supporting a plurality of
objects to t? processed and to be di sposed in a processing container
structure in vvh| chvhersiceseiungligsof SQW@q{brPQRﬂQ%If@rfi’rlé)IPrP@ﬁ‘énglH%eto t he
opposite si I hal t ir@n 0 d 29
a plurality o wrﬂc?r P% Eg?g@%%ﬁﬂ)eﬂ? férﬁﬁgd i eaﬁg?é;ébgﬂtr)?;déatnglorﬁd;
bot t om por t itb€, Iongltudlmmlede'%tww amg ithe @rtcgugbcthte pEPPOshPIBFONS

Su ortin r S t
al gﬁg thegl t(gme tﬁjadl%ngl SEFP? te)%naoﬁqé quth ot Eﬁ)é nﬁg]{?baﬁgqﬁ}t ort por??%ns on
the top si dé)cgﬁam |séd@iarenset |@'F@e'éﬁbﬁﬁr'€h%@*¥qu@§ e ﬁH@mtttmﬁtsma% are

set larger tRhahd Reideil&dye’f, the support portions in the mddle area.
6. The support structure according to claimS5, wherein the pitch of

the support portions on the top side i's equal to the pitch of the support
portions .on the b@ftofhai depport structure according to claim 5,

wherein the pitch of the support portions on the top side
is equal to the pitch of the support portions on the bottom side.

7. The support structure according to claim 5,

wherein the number of th_'e support portions on the top
side and the number of the support portions on the bottom side
are each equal to the number of objects to be processed which
can be housed in a carrier box for transporting objects to be
processed. |

8. The support structure according to claim 5,
wherein the number of the support portions on the top
side and the number of the support portions on the bottom side
. are each equal to the number of objects to be processed which
can be held and transferred at a time by a transfer arm for
transferring objects to be processed.

9. A processing apparatus for carrying out
predetermined processing of a plurality of objects to be
processed, comprising: |

a vertical open-bottom processing container- structure
which is capable of housing the objects to be processed and in
which a processing gas flows from the bottom to the top or from
the top to the bottom; '

a lid for closing the bottom opening of the processing
container structure;



. 7. The support structure according to claimb§5, wherein the nunber of
t he support portions on the top side and the nunber of the support portions
on the bottom side are each equal to the nunber of objects to be processed
“ which can be housed in a carrier box for transporting objects to be
processed. 8. The support structure accgodlng to claimb5, wherein
the nunber of the support portions on the top side and the nunber of the
support portions on the bottom side are each equal to the nunber of objects
to be processed whi ciHRROMbestECEUERdfRR a9ePRPFrEDdatthe tohiedy 40t rhsfer

arm for tragﬁb%ggea SRueHHichochf Béog?éé‘%@d into an & wfth‘?fr%\?r?sf'raﬁw

apparatus for carryingout predeterm ned processing of plurality o
objects to tﬁbepl?mﬁﬁﬁﬁﬂg coningIrmgructure; a vertical open bott om

t h hoy t
e proceased and n S ch @ oRPSHE o fEP AT Bcthor 4 288, olPaR) B5L e Top

or fromthe llﬂtﬂ@ddﬂﬂ@ea gas omgo the proe;essrlgf@mzalagrr@rua@mt t om openi ng
of the processing;¢oRLH t FEAgs Yo exﬁgustmcgn thé %ge Inﬁhérté Yet é' for

supporting the Obj ects to processed an erted | 0 and
W t hdr awn frﬂf@ﬁﬁﬁélﬂﬂ 6@é\§§lﬁf@f sbructiuner and ucture a gas

i ntroduction neansg %&H&?ﬁeéng%rnﬁéétlﬂgf Jre(&‘éé'oc'on? 't he

processi ng contalner str hau means ex ustlng t he
at nosphere in t he Wwheteissi e csupaoner sktuaicrar €orpdises 2 htapi mjateans
for heating ,Oq,ia ects to be processed, wherein the support structure
conprises a top plate portion; a bottom portion; and a plurality of
support posts conmebot ﬁ@rtlop e portion and the bottom portion,

a plurality of support posts connectlng the top plate
portion and the bottom portion,

wherein a plurality of support portions for Supporting the
pbjects»to be processed are formed in each support post along
the longitudinal direction, and the pitch of the support portions
is set larger on the downstream side than on the upstream side
in the flow direction of the processing gas.

10. A processing apparatus for carrying out
predetermined processing of a plurality of objects to be
processed, comprising:

a vertical open-bottom processing container structure
which is capable of housing the objects to be processed and in
which a processing gas flows horizontally from one side to the
opposite side;

a lid for closing the bottom opening of the processing
container structure;

a support structure for supporting the 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 objects to be processed,



wherein a plurality of support portions for supporting the objects to be
prrocessed are fornmed in each support post along the |ongitudinal direction,
and the pitch of the support portions is set |larger on the downstream side
" than on the upstreamside in the flow direction of the processing gas. 10. A
processi ng apparatus for carrying out @t determ ned processing of a
plurality of objects to be processed, conprising: a vertical
open- bottom processin _con%ai ner structure which is capabl e of hopsing the
obj 6cts to be pr ONBSIEH abhel FURRRT SPHEENR] AGMRISF? ofts 1011 BIAKEA | y
fromone siggrtiont he opposite side; alid for closing the bottom
openi ng of the processing container structure; a support structure
for supporting theé 'tesgqur&% BPScessed and which can be inserted into
and wi thdrawn frogm pheraiigcessi \gpsOrt ahHets stonRkefifg the top Phte
i ntroducti on nmeans |ch udbng% a gas nozzle for introducing a gas into the
processi ng ReRH@NM2P Ste OO%E@M Portion, an exhaust neans for exhausting the
at mosphere in thewpiedepssd HOueSMtyaiofesushoHE PoreiordNfor upgRirttg reens for
heating the objects to be processed, _31 . Wherein th% sug ort
structure cORFGSeEC P& Jy QfeasEDharei Rrmedpbi tQﬂﬁef'bér‘—'tﬁRﬂf; BRat along 4
plurality Olfhéqﬁ\l?\%ﬁﬁudm%tlSdi@é@ﬂ@ﬁ%'éﬁldtthﬂa tEcHh | 6Ft eh@osip Porepdridsmgdot t om
portion, erein a pl u({)al ity . of suip%rt portions for supporH ng the
obj ects to B8 HRecEYR tide @NDrifed RiFCRh thep sHRPYEsPOLFIgRS Ok the
| ongi t udi nahpeligracéidenaransktt ke geirtttia whehpiteHrePthePslip pORS poftiohss t op
side and the pitch_ of the support portions on the bottom side are set
| ar ger than'QE'”éeﬂFﬂ‘gﬂlQ)\ar?ﬁe support portions in the mddle area.



