;- ./ 8e3el<Y. RRSLVFV X6XT<YZw DESCRI PTI ON THERVAL PROCESSI NG METHOD AND
THERVMAL PROCESSI NG APPARATUS 5 TECHNI CAL FI ELD The prese i '
trelates to a thermal processing nethod and a thernal proagwmnmmwwmmat us.
Mre specifically, the present invention relates to a 10 batch.j.her mal
processi ng net hod of hot-processing a pl LFraIity of workpi eces 1Tn a batch,
and a batch thermal processing apparatus for carrying out the sane.
BACKGROUND ART 15 A seni conductor dedESERIPITGMCE Uri ng process uses vari ous
t hermal processing systens for processing workpi eces, such as sem conduct or
waf ers, by thermal processes including an oxidation process, a diffusion
process and a fil rukeMAR! PROCEESEIRES METEODE ANDP MEERMAZ0 PROCES SINGE h
vertical thernmal pProcessing apparatus_ 1S capabl € ol processing a plurality
of workpi eces sinultaneously by a thﬁ%ﬁ&ess. This known verti cal

t hermal pgocessi ng apparatus processes a plurality of sem conductor wafers

by a 25 desired thermal process by placing a wafer boat, i.e., a workpiece
hol der, hol ding the seni conductor Mlﬂ 1 i zontal position at
predeterm ned vertimgal i|presdaksS. @ dio®  ¢B8atelsn atdeagli ophyaRSE!
evacuating the reaction vessel to create an atnosphere of a negative 30

pressure in tPRCFRIRINGn Mathad  andpr yithermiaddePEPRRRSENEr RERATESR®s | nt o

the reaction wssselsperNdik@atiy1 the WddUmCesndbneiBhedlEltddeds a
pr ocessi gg tenperature by a héating nmeans. A wafer boat, such as having a
p

hol di ng dRpadeatclef Emenmml wdpeeeessing fmetheAnPE, hob-BEPRessLRa ho? ding
spaces. The wei@raPPey bE lWikpikeadednVd Mbatch, and a batch thermal

processing apparatus for carrying out the same.

BACKGROUND ART

15 A semiconductor device manufacturing process uses
various thermal processing systems for processing
workpieces, such as semiconductor wafers, by thermal
processes including an oxidation process, a diffusion
process and a film formation process. For example, a

20 known batch vertical thermal processing apparatus is
capable of @processing a plurality of workpieces
simultaneously by a thermal process.

This known vertical thermal processing apparatus
processes a plurality of semiconductor wafers by a

25 desired thermal process by placing a wafer boat, i.e., a
workpiece holder, holding the semiconductor wafers in a
horizontal position at predetermined vertical intervals,
namely, pitches, in a reaction vessel, evacuating the
reaction vessel to create an atmosphere of a negative

30 pressure in the reaction vessel, supplying predetermined
process gases into the reaction vessel, and heating the
workpieces at a predetermined processing temperature by
a heating means.

A wafer boat, such as having a holding capacity of

35 100 wafers, has, for example, 120 workpiece holding
spaces. The wafer boat is fully loaded with

T
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c r 2 sem conductor wafers by placing wafers to be subjected to a desired
thermal process (hereinafter, referred to as "objective wafers”) in all the
wor kpi ece hol di ng spaces in an objective wafer holding region, and pl aci ng
5 a plurality of side wafers for stabilizjng the thermal process in the
rest of the workpiece holding spaces in side wafer holding regions _
respectively extending above and bel ow the objective wafer hol ding region.
The wafer boaemimendudtor | wafledswikiyh phacd)bgem“aiﬁa-yvaﬁer ibeanﬁlultai@cﬁéblSI de

wafers is pl ed| t a e to s ect t obj ve wafers to

t he ther mal |ta)"fbocessrai {}gsrelrcgugﬁ% %‘g g’%oﬁﬁﬁ %E?b?aggﬁ'(:e§ ﬁféeﬁlee?P

needed i n recant Mreqtla)r&j mﬁemsr’!ducﬁ.or wlershéft%rnpedcéo 1{)@1 ect ed
15 sl ?‘5’3 t.0o nmanuf.acture em conduct or

t
Eigvfjlz\elgrgfe dlrgsger Se type gsﬁé?%t’% wﬁ/ﬁ?’gr 09, 7EHMen riaging
| oaded. 15 s@eplasatity \ff eudn@awatiarsngfcar hetadbivi g8RgCithe Ofhdffhl

obj ective wafers is |oad W th rrp fifty or_twenty-five

obj ective vvafprrocqsosrﬁEZZ B ﬁfi’-o%‘?sf pa%fﬁi&%ge
rediuel ow e ho ek nige Ssgich & tiv t

ﬂgmnze;ﬂpgges accu gmlge e obj rggt e .ers are pl aceg\é?n t he

unoccupi ed m&’\?ﬂ%"é 8 ﬁﬁﬁgétfet {‘53%5 K8 OhoatThey pfier

obj ective vvafhh“at tti"rwas hﬂhmpnlbhaew%@thbﬁﬁb %b%e’étﬁh@tv%(fér% ard e

process ggder e sa roces % conditions as those for _processing

obj ectiv ol nySa g idy Khe ckeretipRgVesseds tosEulkiest v,

dumy seni corghestobj et Bre wadldrarts MR echd fnd N rbaesd/pi ed wor kpi ece
hol di ng spaces in e Ot?.{sh i ve waf er hol di nggre gion .are, for exanple,
e

silicon wafers that ¥BRE 9f gEemirgnductas slgwqes ehaueerbeemhe
dummmy waf er s riserieni eaﬁed:emeew ﬁeaﬁé al a®a PsarESShdEcEYE| Gareard &ftﬁaﬁ hrown

avay. after beldih 28! BEPRTloted S diVertdMntihe® prSteiecs' Tn

15 small 1lots to manufacture semiconductor devices of
diverse types. Therefore, wafer ‘boats are often not
fully 1loaded. In some cases, a wafer boat having a
holding capacity of 100 objective wafers is loaded with,
for example, fifty or twenty-five objective wafers for a

20 thermal process.

In such a case, a number of dummy semiconductor
wafers corresponding to the number of the workpiece
holding spaces not occupied by the objective wafers are
placed in the unoccupied workpiece holding spaces to

25 load the wafer boat, and the objective wafers thus held
on the wafer boat are subjected to a thermal pProcess
under the same processing conditions as those for
processing objective wafers occupying all the workpiece
holding spaces.

30 Usually, dummy semiconductor wafers that are placed
in the unoccupied workpiece holding spaces in the
objective wafer holding region are, for example, silicon
wafers that are the same in quality as the objective
wafers. The dummy wafers are cleaned every several

35 processing cycles, and are thrown away after being used

repeatedly. Thus, the dummy wafers increase the running



3 co%t and hence it is difficult to process objective wafers efficiently by
a thermal process. DI SCLOSURE OF THE I NVENTION 5 The present invention has
been nade in view of the foregoing circunstances and it is therefore an

obj ect of the present invention to providg a thermal processing apparatus
and a thermal processing nethod capable of reducing the nunber of dummy
wor kpi eces that are used 10 when a nunber of objective workpieces | ess than
t he wor kpi ececdmt diang c eaiciet yibdf s wetikffiisnsel holtder pabeekel dobietbive

wor kpi ece hol d_spbj t t |, process, and of stably

processi ng tHgggﬁﬁgc??ggéﬁéégg¥é§%gabgﬁégﬁ%%iPﬁﬂc?ﬁﬁrnal process in
satisfactory 15 inter-workpiece uniformty and satisfactory in-surface
uniformty. According to th P L, nyent . on ﬁ e | processing nethod
of processing workpi eces by tion vessel by

pl aci ng tBe workpi eTtes RPesentoikpentiohohdsnpetpasrsid MM Wik beCcendol der
by a | oadi ng ans,.and carryi t he workpi ece g:lder | oaded with the

wor kpi eces i ntY 1?%a€fF8H¥§gg§8?scﬁﬂﬂrF§e§§ rafiqu%,13nh Pt r Af

determ ning stieg @iredeirds Nifragtlonorddi peevidat ra beheemanat bebBesgiNgi Ch
t he wor kpi eces_25 gﬁe dk§%£ibut€g I n %he mor%giece hol der on the_basis of
the nunber of *RE¥2"NoT & pi¥ths 3t 0 “BEPROCRERTFE %’rflga“}et?g’(ﬂ%gcﬂ’éEle ?Hadi ng
t he wor kpi ecesediud:ibng heehaor kpmisee ld detming e kidlewadet erat ned-avonkalece

di stribu bon attern by the lo diag,neans. 30 The, t her mal processinggnethod
accor di ng to THE" pres St efifi oPPIRCEhYR adiURRARFeS oS athanchtheze

range i ncl udiwgrkpressninsldiing heapaidipvecss i$ SA%diR®d ORctRerbasis of
one or a pluraljty Ofg@?thgiize Qagges i n which reference nunbers snall er
than a 35 hollaﬁ'ié) 8p&ler PUFRYREWIRTRE e2RE| guPIgrEerniomasthermeh

wor kpi ece di sprodesspn paid erofi s desBIy Ngskdssing 4 the Spesibbegybatch
si ze range. The thermal Eroces i ng nmethod according to the present

invention i s YPEFREREPP Y i desdred FRe¥maLnPregess: ibriptietratray ng
space i s 1%ecuigtle bekverpiébe uniformity and satisfactory in-surface

uniformity.

According to the present invention, a thermal
processing method of processing workpieces by a thermal
process in a reaction vessel by placing the workpieces

20 in workpiece holding spaces in a workpiece holder by a
loading means, and carrying the workpiece holder loaded
with the workpieces into the reaction vessel comprises:
a distribution pattern determining step of determining a
workpiece distribution pattern in which the workpieces

25 are distributed in the workpiece holder on the basis of
the number of the workpieces to be processed; and a
loading step of loading the workpieces into the
workpiece holder in the thus determined workpiece
distribution pattern by the loading means.

30 The thermal processing method according to the
present invention is characterized in that a batch size
range including the number of the workpieces is
specified on the basis of one or a plurality of batch
size ranges in which reference numbers smaller than a

35 holding capacity of the workpiece holder are maximums,

and a workpiece distribution pattern is determined for



5 adjpacent wor kpieces held in the workpi ece hol der when the workpi eces are
distributed in a workpiece distribution pattern corresponding to a batch
size range in which the reference nunber smaller than half the hol ding
capacity of the workpiece holder is a maxjmum 10 The thernmal processing
met hod according to the present invention is characterized in that

wor kpi eces and dummy wor kpi eces are held in the workpi ece hol der when a
wor kpi ece di sthre speaif jx=d tlsatch asizie standpeit i ng wor kpi eces smaller in
nunber than the reﬂg{en nunher 15 of morkpieggs for the . batch sizqirange
is selected, and the Shu M REOGSES \or PEBE8s rEC@dLNgt otPhethe

di ff erence begimesent hinveheience snuhsaactet itder] nibehaof atha esgwtkpheses.

According to the present i.nvention,,a thermal 20 processjn ar at us
conprises: a {RFHPF eXQTKBLESE h}é?/f‘ﬁ’g" ol SRAH’ sbﬁcesse‘?r%?)é]i gﬁ%?ﬁpié&%s are
hel d; a rBactadjno@ssewopicerisai Relg tire vRekpiapivddeholAakei e
heati ng neans surrou(g%ilgﬁ?the reaction vessel ;. a_l oadi ng neans for | oading

wor kpi eces i Nt t he¥ ®ST ecATR| deistrtPutednt (it | erd t hafOHERERF® nes a
wor kpi ece di sdid il ot it pettern Bbre8sPBRUPhECES & DAt s dbstFadyd ed in
t he wor kpi ece, hol der ontﬁlhe basi s of the nunber of workpieces to _be
processed, and® cd‘&%\ sthRe FELBFARCRedHERSN Feldeh i A§areahalén the 30
basis of the NEX&iM@CeaphEd £y bott | e PR HBSTecd Mbldet NEE MR mPk ORERST NY
apparatug .according_to the present invention, the controller stores batch
si ze ranggs in whic ?efrg’reé‘ﬁ'?g niPRpeessing | Bethpdn acherding chpacths of

the workpi ecepleiéiet armrdifsioniNes adtth ARc¥OF kRb@Candi ShitbUld Al Natd£r NS
correspondi ng r';c? the batch size rangggb and the controller selects a 5
b

wor kpi ece di stBF bAHBY ERTERIRCRS ¢ el t8 atheit ¥rrkpieceanelder

i ncl udi ng t heyKerTber wbrii&se ERs @b iRh0GEsEEskn THB ! Nel JBi N OL&FSi NY
appar at us accordllcnrglg?to the 5 present invention is characterized in that at
| east one vacif FRHgSTFILLT] L cRUMBET hdthARenthe e raference WP R Ces
held in e vof kRbeRpi8ebdCEEhhd N N k@i@&e§aﬁgs dsSiddiuiidl | N
wor kpi ece distributiqn pattern corresponding to a batch size range 1 n which
the 10 referef® rﬂ}ﬂ%“J sl | Ehet ndWRY| WA IRAeR ndScapaipdy B9 thhe

wor kpi ece hol glef £é feficdBWetw@en Nehd NPEFBLeRERC ARMEIT: ARRAT 3HeS GRS NY
to the present_invention characterized in that the controller conprises: a
di stri buti on Dbt R WFPLYESEni t storing 15 batch size ranges including
the nunbers of worlmsesesiAg beoprecessresdit waianerch 0l <7 i i
patterns _correspondipng to the batch size ranges; processing condition
storage @9t %’f‘g‘???lﬁl’g?océ‘???ﬁ@tb’éndi“’t‘?’?ﬁf’s’-§‘?ﬁ‘ t ht wiiokkPdesedi sheldri i on
patterns; a cCedNimg holding spaces in which workpieces are held; a

reaction vessel for containing the workpiece holder
therein; a heating means surrounding the reaction
vessel; a loading means for loading workpieces into the
25 workpiece holder; and a controller that determines a
workpiece distribution pattern in which workpieces are
to be distributed in the workpiece holder on the basis
of the number of workpieces to be processed, and
controls the loading means and the heating means on the
30 Dbasis of the workpiece distribution pattern.

In the thermal processing apparatus according to
the present invention, the controller stores batch size
ranges in which reference numbers smaller than a holding
capacity of the workpiece holder are maximums, and

35 workpiece distribution patterns corresponding tb the

batch size ranges, and the controller selects a



20 processing unit that selectively reads a workpiece distribution pattern
correspondi ng to the nunber of workpieces fromthe distribution pattern
storage unit, and reads a processing condition on the basis of the sel ected
wor kpi ece distribution pattern fromthe 25 processing condition storage
unit; a loading neans control unit that controls the | oading nmeans so that
wor kpi eces and dummy wor kpi eces are distributed in the workpiece holder in
the sel ected warkpiece distribution patttenn coxrespeadimg tears katteh ol

unit that contsyols he . i S t rkpi.eces are
processed by éaf‘-?%errrr%&epr6g§§§dgg‘gg$%€%e %ﬁ%gc%ssio% & r’fﬁ%ﬁe&% r{égd 1E)?/ t he
central procagssdempssedt. The thermal processing apparatus according to the
present invention a i zed_ in that. . the controller 35 further c ri ses
a dumy wor kpi ece gft}’:ént ﬁ’%grgé?t ipr]fé)cuen@l%tmtgha?p%aa]f%ﬂf%t BECPRILRLF & o n%

bet ween t Be pleseierinventilohel sofcHara cmdeictert]l ivor khaecatdilssasthudhen
pattern and the nunbfg‘r 1??1' t he _workpi eces andcgg s,.the nu erh%;. dun;;g

wor kpi eces t o’ B s eI Wb ERAE ont fil tFETHRE VEEDs . PBeTHRAIFES M
processi ng apparigpiscascohdldg tim t hether eserkpisgent hellder Chaterct eekhged in
t hat the heating neans control. upi

11,1 apable of controlling the heating

nmeans so that" 1PSFT ¢ 55 P8 ﬂlﬁu;%‘geérﬁ naawf’ﬁgpﬁr&lcepr‘%’c%?é’r% tion
at nospher e i npdtieereacbrpaspendthgate hebbedhl@izie Ra@eRs i OvH et Ur €S
determn respectively for the heating.zones.. According (.0 the present
venti of0 whERE SEFRTS oBUEDSFmAMEL LS rHAbr DEhSn Chfte NG CHRREIEY of
t he wor kpi eceofiotltlerworEpidcdechsldieeciedatmagimlelr mal 15 process,
processing conditio seﬁarﬁggset for wor kspi ece distrjbution tterns

u

corresponding to th FRals REQGGHSINS  2RPRF2EYT e2C8aRM Mot Ehes
necessary to présért dAnieintdlodl ¥RaAkPLESLigeat HnbUEhDP RA C&onEXSTidY are

| oaded together with the workpjeces into_t 20 wor kpi ece hqgl der. Thus, the
nunber of necEYERFIEHEHM? V\g+€ Freution, p&&%@ucﬁ%?’?%%rélwtt heEeEHRY ng
cost canilse rissiteiedspnd khagesr Kpiceedsngarhke minbetiseid Worigsrssssl &y the

predet er mi ned_t hermal procegess. reover, since the wyrkpieces can be
di stributed g?%ct II"SJ“’E‘Qép ror PR t MYHEPLRF Rt g&s&ﬁ';’?‘li‘%ﬁ@f‘i orPPpEERERS,

each of the weokpéspesding beopr ahessedtedsi aaldey irarnyel) | NSH6ESELing

uniformty, and hf. worggi eces dis os&%{ﬁat di fferent, positions can be

processed in ‘H‘?‘Eﬁi" heRr ROPKBPECE N AHRNY RRPGSHE % Hqns for

di stribution fhét er forkRpieeh wailgtirabRtion be patjeatissd t @ a tdanesal

process are distributed in the v#glr pi %S@i%h |.der. is selected on the basis of
0

the nunb&® of PTRCEHBIRGi ebBLL 4 VEINdi 5SRRS A (TRFIERI*CR ed
wor kpi ece di sditsbribabidh ppateésnar Gofeéepohatg aute®Nethéal hiymbér Padgern

of distribut iﬂgrltcgfec\é\ggk%ir%?nestgg ¢ 1est\ll\:'qli>l§1mi%%e QSL g]’:"ﬁ %rtl:%rage unit,

and reads a processing condition on the basis of the

selected workpiece distribution pattern from the

25 ©processing condition storage unit; a loading means

control unit that controls the loading means so that

workpieces and dummy workpieces are distributed in the

workpiece holder in the selected workpiece distribution

pattern; and a heating means control unit that controls

30 the heating means so that the workpieces are processed

by a thermal process under the processing conditions
read by the central processing unit.

The thermal processing apparatus according to the

present invention characterized in that the controller

35 further comprises a dummy workpiece quantity setting

unit that calculates the difference between the



the processing conditions can be very easily set. Since the same workpi ece
distribution pattern is selected for the nunbers of workpieces included in
the sane batch size range, a nunber of dunmy workpieces 5 equal to the

di fference between the maxinumin the batch size range and the nunber of

t he workpi eces are used. Thus, workpieces in different nunbers included in
the batch size range can be processed by a desired thermal process under

t he sanme processirepceoninbensof 1khéarseedtad yworkpletbe diwHrebutdion

wor kpi eces to rocessed. is smaller fthap the reference nupber for a
wor kpi ece di gf‘&%ﬁ%ﬂ d %agpgr ﬁmg'gﬁ'res%%ng?‘ﬁg Workpigges 293 Fakse th&ing a
maxi mum snmal hemberanofialdunine holritphgceapatsdt beof ukba Wi KRicEa ra®idey . the

wor kpi eces 15.%%§ g%ftri ut.ed in the workpi ece holder uniformy with at
| east one valArt* FOSNRF "R &SE % ecur ed between the adj acent workpi eces.

Therefores processithe CthHskmaPNpro8ekydhad A U £o @l £108 C 8Bt rdfd ons
of process gases are substantially the sane for_all the workpleces. 20

Consequent | y PrEEER Yo 1RVENTbPR pilsc chALAC IR oo edBethaf athegheating f ace
uniformty, @R@AnsheoMirddl anest dis p@&galbﬁé gkf Ee&%%m%?t RS Hedft 4!
uni

processed in_high inter-workpiece uniformty. The thermal processing nethod
according to Sy 5 Eaht 2 eEELaLY SLcHigaleing | z@mes nikhat thermal

wor kpi ece di plriddeidsiony RathesphéFe Woh CRhkh e MUt CoSs 86 E Qk?t rHeQ\lL(‘:te@j In

t he workpjece holder is selected on the basis of the nunber of workpieces
to be prbtes@d PFERPESHPEr FIMRPIALURR% preteraised nrespechhvely nfan or ed
in a 30 wor kKpheCdeditilng Méred pattern storage unit. The thermal processing
met hod according tQ the present invention is characterized in that the

di stribution pattefFCOrsiige tehithes Psasentodmyiendd am, s tihesy Morknigaes: ns,
each specifyigi@alnes 08% | RutBeeh Eﬁaﬂmkﬂée%l&’{_ﬁ?t@%%%ﬂ@r i%ﬂ f4ye and
vacant regions in which_ any workpieces are not disiribute

workpiece holder are to be subjected to a thermal

15 process, processing conditions are set for workpiece
distribution patterns corresponding to the numbers of
workpieces. Therefore, dummy workpieces necessary to
realize a selected workpiece distribution pattern
exactly are loaded together with the workpieces into the

20 workpiece holder. Thus, the number of necessary dummy
workpieces can be reduced, whereby the running cost can
be reduced and the workpieces can be efficiently
processed by the predetermined thermal process. Moreover,
since the workpieces <can be distributed exactly

25 conforming to the selected distribution pattern, each of
the workpieces can be processed basically in high in-
surface uniformity, and the workpieces disposed at
different positions can be processed in high inter-
workpiece uniformity.

30 Since a workpiece distribution pattern in which
workpieces to be subjected to a thermal process are
distributed in the workpiece holder is selected on the
basis of the number of the workpieces, and processing
conditions for the selected workpiece distribution

35 pattern are determined automatically, a pattern of

distributing the workpieces in the workpiece holder, and



The thermal processing nethod according to the present invention further
conpri ses a dummy workpi ece quantity cal cul ating step of conparing the
hunber of workpi eces specified by the sel ected workpiece 5 distribution
pattern and the nunber of workpieces to be processed, and cal cul ating the
nunber of dummy workpi eces to be placed in vacant workpi ece hol di ng spaces
on the basis of the result of conparison. The thermal processing nethod
according to thhe pfopgeesing conditionsi sanhbeavéeyi eadilly sbat the | oadi ng

step of | oadi ng workpi eces.into the workpiece hol der. dji stributes workpi eces
to be processed ana‘é(frf‘\ ec%‘“@ul%ﬂ% HoFsE ege dghﬁgrm}’{ib?@cé’?qt@”c%elg

wor kpi ece hol sete¢ted felrectlesl nombpgrecefli 8orkblétes pakleded lin TERe

t hermal processing nqéqu according to thelgégsenaﬁgnvention further
conprises a batThR SV RetdAR nFRYISE ep® oM WREH niafi nGUIYat WRTKPIECBH t he
basi s of the egudhkrtof ther Kiffeeance be tiverte 3RS s itich NDn r eA&r BAEEHt O a
batch size tabl e inclwﬁr%hg gg MIﬂéﬁéty ?féﬁgch sj zes, wherein the

di stribution PhtTerfNE8 LT nJ &t P ERFecPS 1P WEPKFPLBESE &59 bHEREN
pattern correspesfi Repriipidtal eLfi e fakadt Snaabdeke’ Theedddy tike PRECH

size determ ing step and distribution patterns stored in the workpiece 25
di stributi On%% Ry $1ZCorRIINFRN PR RYRGIRFCDr BY e 8sidRP kiRAyr Bhasmal

according to phec@seSeRllet NVRA! baRe Srobakachg’ £3RMitIohBat the control | er
i ncl udes di stribution 'Egitern storage unit stori ng wor kpi ece di stribution
d

patterns 3% whi ch 30PHbEKPIRELE, ai'Bepo He drwrbenupEd Workpieass: Kin cbe

hol der; a di sprobessea nadt emalserecthany Whd baFegehest imumbdie workpiece
distribution pattern corre pgﬂ)%lttﬁ‘g to the number of workpieces to be

processed frofPTFBLece Siedr nyiRALteKR | GRTPAEPRRALRG $urageatiaht ;
and a | oadi NgsDPEr athRGeCORATRhgUNat Hhakima@Mt I Bkl DErt hehsﬁadhaﬂf”EEHé to
e

| oad wor kpi eces_into wor kpi.ece hqgl der in accordance with t

9 the
sel ected wor kKpPLALNGi SEPRGHEY o REp e PTkRI@ G 1okdeny obhe svagkpbeaest us

accordingg o0 458 AiTHIbUtREN A ORNeS WHRHLES | B8HakE WRlEdMV with
di stribution gattern storage unit stores workpiece distributionpatterns,
each specifyifj efRehiafant shatdingn spaceh seerpedcetywasn othe

hel d, and vacaajabehti NEbBRsCESed N WK SeRrd'Or kRicRe’s i8S B8halel gns The
t hermal processi ngﬂgggar atus according to the 10 present i'nvention Is

char act eri zed*Pft t h&SEBRERSMFE, ARG heFonsR AL ARSuned wBrReesee

quantity cal cgyhsésngraeanbsthatiadIpanee faamdWHeraf & kRbLESSebOs PE
processe% and _t he nunbgigof wor kpi eces specified by a sel ected workpl ece

di stributi%n PAPEEANSNENY/ 183E4I Ofl &h6s WIRKRIRARS G RATBTIRRKIRRCER to

be placed in zacaiighwor kp-eaerhebdi RhiFGETY N 2aM@" KRiIHCE ROLRHIEcE89i ON

on the basis giségge&eg%lhi %e%gn a%b%%@ions can be processed in high
inter-workpiece uniformity.

The thermal processing method according to the

25 present invention is characterized in that the workpiece
distribution pattern in which the workpieces are
distributed in the workpiece holder is selected on the
basis of the number of workpieces to be processed from a
plurality of workpiece distribution patterns stored in a

30 workpiece distribution pattern storage unit.

The thermal processing method according to the
present invention is characterized in that the
distribution pattern storage unit stores workpiece
distribution patterns, each specifying regions in which

35 workpieces are to be distributed, and vacant regions in

which any workpieces are not distributed.



The thermal processing apparatus according to the present invention is
characterized in that the 20 controller further conprises a batch size
tabl e storage unit storing a batch size table including the relation
between a plurality of batch sizes and t nunbers of workpi eces included
I n batches; wherein the distribution pattern selecting unit determ nes a
batch size including 25 the nunber of workpieces to be processed in a batch
by making referenc&heo therbmaflchpsbressihge méohade adtbrddng sededite t he
wor kpi ece di stributjon pattern corr onding to the determ ned batch size
and wor kpi ec%rtﬁs#‘rtl bﬂlf‘?’&ﬁttﬂiglnt e?’ﬂggﬁgﬁr SPURELIRS dist FUBTY JFPTkRi’% 30
storage unit quBintitter eall cplateng Ngteppasht WonpRadnd NEh0 ABRLEF Nt
invention is _characterized in %Ef%‘ét he, control l er further_includes a

process reci fESEFNERE uni TP prB¥essith§ cof@lahRsd i nIKkRiLSR ues

of 35 paranetdrstrifbutionaba Ppteeesand dhé HOIRSS O RELRpILEES, t_RNG&
processi ng caondi tion selecti 10 for selecting processin

condi ti ons f FERIIREStoceS gcgggréi’ll@rt&gg unthe WhBHBPArt heofial (RIHY at

| east one of wdrkpimcuet &ics be eplhcel t DR tVeEIRt RIOOBSSESe | hdRIiGg ned
on the 5 basis of a bai}'ﬁ” ' The thermal processing apparatus according

h 3
to the preseA9ReM IS ?afﬁe?a?é?ﬁetr}}%e‘%ﬁq‘ﬂ-‘i IRk IWPIFIRASs reci pe

storage unit storegThd |chevallenpebakekeng NmbbRoACaELEQRIYRSSElo AN PAS
fl ow ratfé as the paraneters. 10 The thermal processing apparatus accordi ng
se

to the p ik t +BKeREl eRatsct EhprRaterizedt inhethaht thel drogdimaher

i ncludes a digieid by ONoRAL A NG RSS! qqztdmgtﬁea%:ht&]@{eééor e

full -batch dicﬁgi%i on pattern recipes specifying fully Toading 1 the
wor kpi ece hol U HRULLS he MAkRIeG8Ss s, tond Ref | eRFeFesdedch andt ritthe i on

pattern reci pfaliacitdad nguksadi /F t rmrﬁgee%gd%i Bhad Wﬁi&l"éccge
distri butlongfq%tiern correspondi ng tqQ the nunber of workpieces of a batch,

.and sel ects 1k F fA9lastiech wakRieRA s b Hien PatkEe. or the

flexibl exbat ch di styHebutthermdat t BkBcb88iRG MEEhbAC £OBLFQLAE! &85! 4l the
wor kpi ece di stributi on,gattern by the distribution pattern selecting neans

when the di st on PAVEBFAORecifIF @Rt PARPELERE s@ ecbatchhe size

f | exi bl e- bat efetlaiiring | etepd 88t t@&FeRfih DEy HﬁebBE%ﬂueEHeOfox‘ﬁSiﬂ?x% the
~dummy wor kpi eces, can_be reduced and tine necessary for |oading the
wor kpi ece hol S PR WSk pPuBRer: R c¥OrkPperesot te hbe: Heraeespedcdys by

preparing womgkiane dieFioridhdd Ofopaht epAEcRO £E£S@ECAVEL Y ifrfEleBJ’frfr?er%m
bat ch Sléss. é{lﬂro q?put can be_increased and | oad on operators car be
decr easefi”by r(?#g‘t Yhg of sPRrbSh of ShpeRat | HHeTedR wWihepi cis taidutiilom i on
pattern sel egdtafarical CeedbbR@nghe redier ofseMatieRi eCegnhio beUignedd n
spaces to beﬁ{.i | eq in a 35 sel ected workpi ece distribution pattern, and

| oadi ng wor kSHtes O RAC R sCOF e SRR doFR pRre et ermiged batch

size determined by the batch size determining step and
distribution patterns stored in the workpiece
25 distribution pattern storage unit.

The thermal processing apparatus according to the
present invention is characterized in that the
controller includes a distribution pattern storage unit
storing workpiece distribution patterns in which

30 workpieces are to be distributed in the workpiece
holder; a distribution pattern selecting wunit for
selecting the workpiece distribution pattern
corresponding to the number of workpieces to be
processed from those stored in the distribution pattern

35 storage unit; and a loading operation control unit for

controlling the loading means to load workpieces into



11 the workpiece holder. A workpiece distribution pattern that reduces the
nunber of necessary dummy workpi eces can be readily and quickly sel ected,
and thereby the aforesaid effects can 5 be enhanced. The process recipes
ensuring uniformy processing workpieces gan be sel ected regardless of the
nunber of workpieces to be processed. The foregoing paraneters nay include,
for exanple, tenperature and pressure in the 10 reaction vessel, and flow
rates of prociys guwakpiceie ERoDEEERI £l AtddrddicdRMINGSthieg. sdléstéd

schemati c sect] ] _vie f her mal ocessing apparatus in a first
enbodi nment ag‘sc%r | negé'{% oavﬁgtlf%&BJr%%eﬁ?Q{%%ht ion; Fig. 2 is a perspective
vi ew of assi stance The ekbéamal nprideeseiegat appard tws | aadbpdi AGC RN e

included in t er mal, processi ng .apparatus shown in Fi,g. 1. in relation
\I/\nntchuaewaf er o%%%héo Fﬁf{g)‘fe'bt’i%‘ a \}152\,\, &%aé?ﬁ ared i nlgxpl EPAFng WReer

di stri but Bon dhia teilmstion whpalteeni cabieigs waﬁeltls %rt%x@lssydé@ﬂ&ﬁﬁ@& a
waf er boat; Fig. 4..is_a block, diagramof a contraqller included in_ the

t her mal proce%%?ﬁ%‘b’b’a?’étﬁ%iégﬂﬁ ri fE6 g.SpP,‘:lsz’lF—"igg.w‘!?k_rl%l%FﬁJelF%pré’f:‘fgve
view of a thespetedr aaesdiith appekpliedebn srsee8NheL MO MeRhGACERELHT O

t he present i,nvention; Fig. 6 is a longitudinal sectional view of a fu_rnace
and ltohe assoé?%fcg]tf‘%e%ﬁ%‘é s ip which ARy workpieees Axe srehdkeld. expl ai ni ng

the connection of dr CeReminsll 8 piRds¥ilng ;appdratid SadcBlaskgditaor @ of
' [ t he configuration

of 2 35 BRocdRESTELF pe MTHHLGEIN L4 ncrhagaqtariReScontnol | BRAEF GEhao | o
a view of exasgitroliefli Fukithelr Oihcludes a dummy workpiece quantity
calculating means that compares the number of workpieces
to be processed and the number of workpieces specified
by a selected workpiece distribution pattern, and
15 calculates the number of dummy workpieces to be placed
in vacant workpiece holding spaces in a workpiece
holding region on the basis of the result of comparison.

The thermal processing apparatus according to the
present invention is characterized in that. the

20 controller further comprises a batch size table storage
unit storing a batch size table including the relation
between a plurality of batch sizes and the numbers of
workpieces included in batches; wherein the distribution
pattern selecting unit determines a batch size including

25 the number of workpieces to be processed in a batch by
making reference to the batch size table storage unit,
and selects the workpiece distribution pattern
corresponding to the determined batch size and workpiece
distribution patterns stored in the distribution pattern

30 storage unit.

The thermal processing apparatus according to the
present invention is characterized in that the
controller further includes a process recipe storage
unit storing processing conditions including values of

35 parameters of thermal processes and processing

procedures, and a processing condition selecting means



12 patterns stored in a distribution pattern storage unit included in the
controller; and Fig. 11 is a flow chart of assistance in explaining the
operation of the thermal processing apparatus shown 5 in Fig. 5. BEST MODE
FOR CARRYI NG QUT THE | NVENTION First Enbpgi ment A vertical thernal
processing apparatus in a first 10 enbodinent carries out a CVD process,
l.e., athermal process, to deposit a filmon sem conductor wafers, i.e.,
wor kpi eces. [Eiog. $elleckisghepmbresseényi osehdititensf frdmertivd Prsesss ng
apparatus in f.irst odi nent_according to 15 the present invention. The
verti cal therr%a Sr c?&;%gmgﬁgu&d‘ dratus has a double-wall reaction tube
(processing tube) Wheirednudhegvalsier aifghit ilewat tonee ol At tpd ranitdyy | ght

position and ving an_open upper _end, and an outer tube 11B di sposed 20
coaxial Iy wi O t$&%%n gir)‘f e%‘fﬂ"@g FEIPLLIFT 0dfid ‘i%féa’i’ t 8Be thEA and
havi ng a Bl obadisppd acbdtchhaizener tube 11A and the outer tube 11B define

an annul ar space 11C. | padi.ng_zone extends under the reaction tube 11.
Obj ecti ve seni cond#gteo'ﬁ:}?/%’f"@]s Wﬁ?ﬁsf'{}gdét?ﬁﬁﬁa&“zf ACGR¥SNGoke the n the

| oadi ng zonepréEsentnniivénbiod 1Asanchdhecteibied Uhe 1dh@r enborgmibds a
heat-resi stant, .corrosion resis angpmaterial, such as quartz glass of a

hi gh purity. FRATEPStECTRAR 1Bt oftoRes, @&ictiepst ubemperatunes iantde on a

mani fol d 12 heddtdon Skddel etld dd Elow et MHY igladmdtdds, upper end
wth a f ('imge 12A. The qgter tube 11B is provided at its lower end with a
fl ange 111. The flécl‘&est anRk PRAC8EFLNTt ARPALATUS PEPRIdingigEol TR t he

nmani fol d 12 prededtnedinveatioh 35iwi t NcRaggatbpyz88DE{n NOEHShOWELSUCH
as an O ring, A oNe e Pt e 22081 ults 2 135 tiibation” patrern
recipe selecting means that stores full-batch
distribution pattern recipes specifying fully loading
15 the workpiece holder for a thermal process, and a
flexible-batch distribution pattern recipe specifying
loading the workpiece holder in a workpiece distribution
pattern corresponding to the number of workpieces of a
batch, and selects either the full-batch distribution
20 pattern recipe or the flexible-batch distribution
pattern recipe, and the controller selects the workpiece
distribution pattern by the distribution pattern
selecting means when the distribution pattern recipe
selecting means selects the flexible-batch distribution
25 pattern recipe.

The frequency of using the dummy workpieces can be
reduced and time necessary for loading the workpiece
holder with workpieces for each cycle of the thermal
process by preparing workpiece distribution patterns

30 respectively for different batch sizes. Throughput can
be increased and load on operators can be decreased by
automating a series of operations for workpiece
distribution pattern selection, calculating the number
of workpieces to be placed in spaces to be filled in a

35 selected workpiece distribution pattern, and loading

workpieces and, when necessary, dummy workpieces into



13 tube 11B of the reaction tube 11 is hernetically fastened to the

mani fold 12. The inner tube 11A of the reaction tube 11 extends down beyond
the I ower end of the outer tube 11B into the 5 manifold 12. The inner tube
11A is supported on an annul ar support rkqge 14 formed on the inner surface
of the manifold 12. A process gas supply pipe 15A and an inert gas supply
pi pe 15B penetrate the side wall of the manifold 10 12 hernetically and

ext end upwar cchensiaickpiece nmeldexibe 11A. A process gas and an inert gas are

supplied through the as;. i pe 15A and e, i ner as supply
pi pe 15B, respecti \%I@%Qiﬁﬁﬁécghe%‘l?sg%gﬁé&ﬁ‘og’ul}%a ?rﬁ'h%ﬂﬁ?:oér@é“%(fs @ﬂ%pl y
pi pe 15A and riumbemeof gasesspplyy diinmy peodigh eces coanebeedd=idasnguppl y
unit 15 (Fig._4) .. An exhaust ,pipe 16.is conngcted_to a rt, dianetrically
opposite to aq“b‘;?]iﬁf h?SEﬁﬁ%ﬁﬂi’c%nfihS*}ﬁ%f&%s %sagﬁﬁﬁﬁﬁgai SELBSES PR he
i nert gas5sumgsd YerharecddB are extended, of the side wall of the manifold 20
12 so as to open ir)]Eo t he annul ar space 11C top exhaust the reaction tube 11
S

of gases. An exhaust'SyBF8AESRoraHRAF SREPELNG g UPRSPTALYPROCeSSARY UM
punp and a presstpiedegubahobd SseDaeEsd edebarihesexvaisthei primberd Gof
maintain the interior of _the reaction éUbg’a%Flbé% a 2jf51_£redeterm ned
pressure. An "EKRATTRS nER 2R REPFES# po TREIUNY (RAKANILESFBAY 1 t o
| oad the waf eindiosde 17 fiort cegafipld| Oadini@ ddttiriedMBndr PRddureaghi ophd ube
11 by veahi cal ly npving the wafe &oat 17. The_el evating 30 nechani sm

i ncl udes di%?g%"}h?féd‘gﬁ%e]zo "’P"éﬁﬁ FLiFREEH LT REPCRIR FEFng 11D of the

reaction tube 11. Arotative drive unit 23 is disposed below the Iid 20.
The rotative drive unit 2% has a rotative drive shaft 23A hermetically
penetrating the lid 20, & E e I THE PRAWWENGS od t o0 the bottom
wal | of an insul atisiggcyli adern (dutdmatisd!! Sb&O0cRBIDOLbw2%f a ldhermal
processing apparatus in a first embodiment according to

15 the present invention;

a0 s & Pty a NI SN O

Fig. 2 is a perspective view of assistance in
explaining the operation of a loading mechanism included
in the thermal processing apparatus shown in Fig. 1 in
relation with a wafer boat;

20 Fig. 3 is a view of assistance in explaining wafer
distribution patterns in which semiconductor wafers are
distributed on a wafer boat;

Fig. 4 is a block diagram of a controller included
in the thermal processing apparatus shown in Fig. 1;

25 Fig. 5 1is a perspective view of a thermal
processing apparatus in a second embodiment according to
the present invention;

Fig. 6 1is a longitudinal sectional view of a
furnace and the associated devices;

30 Fig. 7 is a view of assistance in explaining the
connection of devices and a controller;

Fig. B is a block diagram of the controller shown
in Fig. 7;

Fig. 9 is a view showing the configuration of a

35 process recipe storage unit included in the controller;

Fig. 10 is a view of examples of distribution



A cytindrical heater (heating nmeans) 25 is installed so as to surround the
reaction tube 11. The cylindrical heater 25 heats objective sem conductor
wafers PWto be subjected to the thernmal process 5 (hereinafter, referred
to as "objective wafers PW) |oaded intoqthe reaction tube 11. The
cylindrical heater 25 is provided with a cylindrical, insulating nmenber,

not shown, holding resistive heating el enents having the shape of a wwre 10
wound i n a sppatiiemimpetored nwanadedistrifitayidonlhpattsrst isteriaemt iugit

el enents are ,conn d. to.,a controlder. 40. Jhe controller 40 controls power
supplied to t’?'nnecnlrlgcggicgtlir\'/guh%a ?r}\%r%lllgen%’nt%n%o that the objective wafers PW
are heated at a pretieg.erlii niexl & effar adharet dS dldwl sydnaslric adxpkesieing5 i s
capabl e of individually.heatin for. exanple, vertically arranged five
heat i ng zonesdrﬁ ?BGE%‘!%‘ﬁBmﬁfi he g‘?hq_rrP%PapfSﬁ?sﬁéagi ﬁé’%@g:“gsl'hﬂ’% er
boat 17 i85 fameRtief ,5for exanple, high20 purity quartz glass. As shown in
Fig. 2, the wafer boat 17 has posts 17A provided with holding parts 17B
provided with, for exanple, grooves to hold a plurality of round objective

wafers PW such as 108Es® MBOEOFDRCCARRYENGEOTTPYRHE INFENTTORONt al position
at 25 predeterm ned, verti cP"tC es. e I IS held at a | oading

position, i.e., th lon, to place a plurality of objective

waf ers PWin the hal drégtpesl Sthérmalli ptobbeking apﬁairait%@ By, & vafedt
di stribu&i on %ﬁgt rn determned for, the nunber of the objective 30 wafers
PW ( her etRaf (BIOOFHIR Y c FEEIS QU oPerfclP WRIFEFSESat ri tRiti o pERSERAL) by

a | oadi ng neahwsdéess 30to Thepbsndi AJ FikmhdR WBMAGIHHUIMIRS whird | cale shaft
31, an elongate, rectangul ar | oading head 32 nmounted on the shaft 31, one
or sone thinYoRIFRRE transfer arns 35 33 placed for |ongitudinal sliding

on the |oadi ng headr{Zp, Thesnusshadatie 68056041 a4 iBw33f @ fKErmxan! €,
15 in the range of one to five, The contf,oller 40 controls the gperation of
t he | oadi ng r&%ﬁ?%’rﬁ%OaPBFrﬁBVFndntﬁe beFt ngmheddmenty @qqazding  $ir ni ng

t he | oadiiBg hewd Presest Sihwagtiswl nal ly noving the transfer arns 33.
Ref erence distribution patterns in which the objective wafers PWare
distributed in the YR eVarddecal7 Lhermal RFoResHingr ARRIGRIY BAE # a

plurality of dabsheswaEl raagesibn wibeh (prbresssagnwilda)s S8 A&luding
a straight inner tube 11A set in an upright position and
having an open ﬁpper end, and an outer tube 11B disposed
20 coaxially with the inner tube 1lA soc as to surround the
inner tube 11A and having a closed upper end. The inner
tube 1l1A and the outer tube 11B define an annular space
11C. A loading zone extends under the reaction tube 11.
Objective semiconductor wafers PW are loaded into a
25 wafer boat 17 in the loading zone.

The inner tube 11A and the outer tube 11B are
formed of a heat-resistant, corrosion resistant material,
such as quartz glass of a high purity.

The outer tube 11B of the reaction tube 11 is

30 mounted on a manifold 12 having a short, cylindrical
shape and provided at its upper end with a flange 12A.
The outer tube 11B is provided at its lower end with a
flange 111. The flanges 111 of the outer tube 11B and
the flange 12A of the manifold 12 are 3joined together
35 with a sealing member, not shown, such as an O ring,

held between the flanges 111 and 12A. Thus, the outer



10 than the holding capacity of the wafer boat 17 are set as maxi num
nunbers. A reference distribution pattern for a batch size range incl uding
t he nunber of objective wafers PWto be processed is selected. Although
there is not any particular restrictions a nmethod of setting 15 the
reference nunber, it is preferable, in viéw of distributing objective
wafers PWuniformy at specified intervals, that the nmethod sets a

ref erence nunbsbe equiB tofl/ mhef teadtdloti ndutapacily D& thermetesabogt 17,
where n is an intt:e‘ﬁeé ot ﬁmallerftﬂgn % 20 The reference distribution
patterns spect13EHeS bR FREaB o4 18t ding parts in which objective

wafers PWare to bertiel inndhetubéel@¢Acefdithe itudd o atiss NB1 aéftends
classified ro %P’léy%i nt o aBgr?oip 1 of those for batch size ranges 25 having
h

ref erence nu gyand; OWErdERg Cfpdhie ywher Henb@ir £EBpbato1¥hey

group 2 of thmaeiferdbatxh simie ranges hewbeg 11ef ei SNcouppbdess DRl LRT
than a half the | di ng _capacity, of the wafer boat 17, and a group 3 of

t hose for batTHetZe Fgﬁ§8§th§\}idﬁ§ gk FRFERA ngRnéhe Irnareswrfagrncs hal f
t he hol di ng cepaahdyipbldhezawaf er boat 17. The reference distribution
patterns of the group 2 s ecifz the uniformdistribution of objective
wafers PWin the wdtePU0G2S51 7988t FURPYY%aBiPEncl A cand r diimgris gpace

left between &lspbylj pEpat 161N driatarard efise PN aMDLE130RG tied Yma SHPBPSE

that the _wafer boat 17 has 16 a hol ding capacity of 100 objective wafers
PWto suBectldobesBpiicplivnanst expend Jupvetd ipséde Ghe elrvfem thkemal
process. Then1A0r X%¥wehd&ss f Y b Sk & L0 n L50,
L75 and L100 are 5 determ ned. The&&fgéf_rgpie:!ﬁ%gtd%% P#%%tlg%ﬁﬁ%géﬁie?rﬁl’%gghl S
used for a batlk® BFP€eFangasheLRedy &iPeaddA and ythe \inemt cgas veupnler s
PW the refergise dbs!ridyddedtiRAINET ALY thReUsedckibn? hitld M B! zepfgnge
between twenty-six and fifty objective wafers PW the reference 10

di stributi on PEPERPS LBRS sSUBRYY diire hAPAh and e thengnert woes fsipylyne

and sevensy- fpyse ODERCALE ec¥fhBEEed o aBUgh BeshBh By CRRELdL B (FDYLT gf)
pattern L100 is used for a batch size range between seventy-six and’ hundred
obj ective wafers PN 158¥h2¥RE r BEBPend® dilst r igannestesht 149 ns L2BATL5O,

L75 and L100,dpsmeeseealned 8ige0f £8CTA COBGHE! OENNBUGH S {RICA eTERG AL Ur @
conpensation for objective wafers PW (hereinafter, referfed to as "side

waf ers SW) RPECPPIBedash ERRPhY| RiRP pafhs arB fheanirertibors aswpplvier 20

an obj ective pabper 18iSbirid WsitdhdeIoMR thES I vahy- e
di stributjion ?gt ern L100, objecti veeovvaftérg I%\g/\/agr \é’%[])'?la(éefg %ﬁr;@alfl%afﬁgf&

hol di ng B&r t s14780i @& HeP oBPRRt ihdondihe amrulabuspPaner diGe R exrtist
exanpl e, sevephsi geaw@hienhs tANAr €1 Pb#Cefh Lk £aCkn Obxhaust system, not

shown, including, for example, a vacuum pump and a

pressure regulator is connected to the exhaust pipe 16

to maintain the interior of the reaction tube 11 at a
25 predetermined pressure.

An elevating mechanism 1is disposed below the
reaction tube 11 to load the wafer boat 17 into and
unloading the same from the reaction tube 11 by
vertically moving the wafer boat 17. The elevating

30 mechanism includes a disk-shaped lid 20 for closing the
lower end opening 11D of the reaction tube 11.

A rotative drive unit 23 is disposed below the lid
20. The rotative drive unit 23 has a rotative drive
shaft 23A hermetically penetrating the 1lid 20, and

35 having an upper end connected to the bottom wall of an

insulating cylinder (heat-insulating member) 24.



25 groups of holding parts 17B above and under the objective wafer
distribution range R In the reference distribution pattern L25 for the

bat ch size range, where the reference nunber is twentyfive equal to a
gquarter of the holding capacity of the 39,wafer boat 17, two successive
vacant holding parts 17B are |left between the adjacent objective wafers PW
that is, in the reference distribution pattern L25, objective wafers PWare
distributed unifor®y ayléndaicalt clhentidyr ee (heaesnghosse=aiswhi 2B i nig he

f di stribution 35 patt 1100, gbject i f PW
i Stri but ed. T PHeFor 87 cAte 1 SPPFEREPSn the (RPN FUPeethmi cthe 17

seven si de wafyrindiWarle hesesr on2Bacheatsgr eecifivde dwhikdriustds 178
over and under_t he ohjectjve wafer distrihution region R at equal pitches,
for exanpl e, "BHEE piq% het® atPhi EHgﬂﬁC%ﬁg r@Per@E’ge &l'getrl"l%lut iRFPERSAt t ern

L100, side waftRireindfter di ddafdniat. tdemd heduydsriwd GRifsid vepyway er s
PWto be pro;g)ss d,i,s smaller than the reference nunber of twenty-five of

t he batch si dnte i dreptivimt Rty s equal to the difference

between the referem 1&yumenaNd tHadunbers ofi 4 hghieidd Ve af ers PW
are held in the wafer boat 17 toget,her with the objective wafers PW so

that the obj SO WEREFRrs PYREHLRERBIduMBPRRHFer sheke @hernibuthrldonads to
conformto thediafteraChedtshyl Bdmdh it hairing2%hd Sshpkhe# ehengngs
di stri butiondgqatterr_l L50 for, the batch size range, where the reference
nunber i $CeqfAURd APhaf SHiFIol §PARSc Phcid yMBRNERELIRES ethapmt 17The

namely, fiftredingtiasanéatDhgli a0eménts 14Bei sohabbtiaal Ween thish ad acant
objective wafers PW That is,_in the reference 20 distribution pattern L50,

obj ective waf¥ts PRPEr LR EPIIRE e40uRIVIERYS aPO¥ETal SURREIRS t@i ddhe hose
at which in theasioslafenreading’ ehdhbaRsPaAd it 10e ARiRCIHIVR WA{ALS PW

are distributed. In the reference distribution pattern [50, for exanple,

four side wafff S5 heREed It R RFedetarmingd felppratutee hol ding parts

17B over 1gnd under qithe ok&ﬁcit,{dlquﬂ‘ er yisidy butdspn rggi orbg% 1£9uale
pitches, for exanple, at piLtches equal to those at which in“the reference
di stributi on iRFrErdPakbn, hepdd ngar of QF SWATP1E st VeBtieallyo agranget

nunber of objEckd VRedBLAHS 2800 DE BHOCSSSEHtbws SARIFiG, thapnt Re zg{erence
nunber of fifty of the batch size range, a nunber of dummy wafers equal to

the differend®eAR@dMPd%e reference nunber and the nunber of the objective
waf ers PWare pl acethd wifér 3oxef &7 PeakoiheliOgel Noidaridie 01 g Ve
wafers PW In the reference distribution pattern L75,
20 purity quartz glass. As shown in Fig. 2, the wafer boat
17 has posts 17A provided with holding parts 17B
provided with, for example, grooves to hold a plurality
of round objective wafers PW, such as 100 to 150
objective wafers PW, in a horizontal position at
25 predetermined vertical pitches. The lid 20 is held at a
loading position, i.e., the lowermost position, to place
a plurality of objective wafers PW in the holding parts
in a distribution specified by a wafer distribution
pattern determined for the number of the objective
30 wafers PW (hereinafter, referred to as “reference wafer
- distribution pattern”) by a loading mechanism 30.
The loading mechanism 30 includes a vertical shaft
31, an elongate, rectangular loading head 32 mounted on
the shaft 31, one or some thin, forklike transfer arms
35 33 placed for longitudinal sliding on the loading head

32. The number of the transfer arms 33 is, for example,



18 objective wafers PWare distributed on the upstreamside with respect to
the flowng direction of the process gas, i.e., the lower side as viewed in
Fig. 3, at pitches equal to those at which in the reference distribution 5
pattern L100, objective wafers PWare di igri buted. In the reference
distribution pattern L75, for exanple, séven side wafers SWare placed in
each of groups of the holding parts 17B over and under the objective wafer
di stri buti on iredilen fAand® dherne hieo nfadxer of obj ective wafers PWto be

processed is small than _the.tefergnce nynber of, seventy-five of the batch
si ze range, a numgheof Bﬁaﬁﬁ)‘?l\iﬁferg&e&&&%rto sthghﬁi f?@%@é"be%e’*‘f he
ref erence nurimedingl tleshamilzer 6D t ferohieeinge tirf eloaB¥hyr ehdldp! 3Eed in
t he wafer boat 17.t ther wi.th.the objectiv fers PW I.n each of the

ref erence di s‘ﬁ’f]?ucﬁqgﬁ’pattg}lﬁglﬂ%, % L7§° 9 100headni caitduct3pd

waf ers, sBch JanditnpdinteEbe dnSeing Otk Ct fan M0 £roym&re3 pl aced as nonitor 20

wafers MNVin optional_ones of the _holding parts 178 in the objective wafer
di stribution rangeq?arfft%r?ﬁﬁﬁi rﬂf‘?ﬁﬁl*"égbgf’ ofPItEERS| ndR | Whigd r kg ence

di stribution qijdetivd Maréps BwagpbedigreiBRRLHOL WA WMHdS yifcethin a
bl ank region over the objective wafer distribution 25 region R in the wafer

boat 17. Ref @%% n§eto 59 g254,t2 heCFEREPONdetos00e Ofe FePlugal itNerofl

processi ng apRetct Usiize t Banbbest i@ migdidienkeFiRhcee SnatbaPk e CnyEl SRS er
quantity_infornmati Oﬁ r?’%ﬁ-i ving unit 41 that receives objective 30 wafer
quant i t yPnf SHRR i bRer PehdiRDHaRAG Y vof etbeottnfiary bert 33 @rm sefunts

the nunber ofasbfeinue Mahiesss PWA Grd¥ i SHi0s r fott i | t¥h Pag ern

storage unit 42 _sto inghthe reference_distribution patterns; a processing
i t

> P
condi tion st ab? 3 stHM9Ry 3B<pPEingsi HRe covnbstonef phisrtiye
processi ng unid£dfP W 4o thal ppHEEsse@Sis Halebtadze A dn Crkkdg; 4 he

not any particular restrictions on a method of sétting

15 the reference number, it is preferable, in view of
distributing objective wafers PW uniformly at specified
intervals, that the method sets a reference number equal
to 1/n of the holding capacity of the wafer boat 17,
where n is an integer not smaller than 2.

20 The reference distribution patterns specify the
positions of the holding parts in which objective wafers
PW are to be held.

The reference distribution patterns are classified

roughly into a group 1 of those for batch size ranges

25 having reference numbers equal to the holding capacity
of the wafer boat 17, a group 2 of those for batch size
ranges having reference numbers smaller than a half the
holding capacity of the wafer boat 17, and a group 3 of
those for batch size ranges having reference numbers

30 greater than a half the holding capacity of the wafer
boat 17.

The reference distribution patterns of the group 2
specify the uniform distribution of objective wafers PW
in the wafer boat 17 with at least one vacant holding

35 space left between the adjacent objective wafers PW.
More concretely, suppose, that the wafer boat 17 has



19 nunber of the objective wafers PWon the basis of the objective wafer
quantity information received by the objective wafer quantity information
receiving unit 41, selects a reference distribution pattern correspondi ng 5
to the specified batch size range fromthgse stored in the distribution
pattern storage unit 42, and reads processing conditions corresponding to
the selected reference distribution pattern fromthe processing condition

storage unit ad3iolalichgmyapedicty qofinl00yobfedel eenwaifegsupnt 45 sulifect
conpar es thelr fergnce, nunber_ of the sel ect etg?éﬁfperence di stri butign
pattern, and e ROABEFT 8P IRFSHS el it RafRR WO ARt MThhest e
nunber of nedtramial dprocasai.ers; Thehpadfdy oReimMpled) CEAiF Ol rdidderl t hat
control s the J.oadi.ng . rechani sm 30 15 di stribute e objective wafers PW
and the dumn?ll\ﬁ}fréﬁhg‘ti’ﬁmt h@%&%’&‘?%d i“gper e (i sIt‘%]bu?PGn p300er R4&n the
waf er boas 1detedifiaicrl. COTheol rafdterite f @i seenbuehbhNGHpoMEsn supBl Yid 0 the
cylindrical heslﬁqtqer 25; agd a  gas su% control unit 48 for controlling the
gas 20 suppl PS§7 (£ 2 oPREGH Slee ‘élﬁ)p‘l’?t‘&?e‘?h@nﬁréeésst‘@i‘sﬂywe
vertical theoBedyinseseafgrapPar, altitfe t RifeFORSE F UeLediBLREBR (e dlective

waf ers PWinLtﬁée hol di ng parts of the wafer boat 17 in the reference
di stribution tefn PF c & 182 h eFhPReFaNIDr BEEYESD ttvemey1Ritber of

the objectivensfersify anébpeeessses wheeob) ecoiye wWaher s RYFHedhd il m
deposi ti g& pracess under the sgem fic processing conditions correspondi ng
e

to the stfectBFrERiERe BREEPT bl Port Havsednforhe dppbeli wé zRafrange
counting uni he¥weding 5f BP-ahé OBREl eveh e iRTDEh 861 H& QJQE%‘Hsi \igy waf ers
g

PWto be subjected to the desired film deposition process, an I'ves

obj ective wa oehdit Feferaneengissy ibybdon: mathanierLH0 t he wisedctfore
vaf ers PWto g heaireCldive WaldgdlUatdtder Nty QL iHECEIng N idedtL-
Then, the CPU_44 35 selects thegref erence distri butyin(.)ér% pat%tn\tgr nq}%%%d:
speci fi ed bat¥esHye FafessHdWdi ng the nunber of the w 20 objective

waf ers PYgfrom thoge SIzls)éed:éﬂnté%ediaiékpyﬁﬁeﬂoﬁat;{ca@eéﬂé)fﬁﬂg Uftihsto 42.

Then, the |oadjng nmechanism pl aces the objective wafers PWin the hol'di ng

parts 17B onithe BRE sLdPOynhePEefeterpinede rrypess gjaf r isamiaandusgtan n

fromthe topwaHdHNOERRr tefifdbybiife EBRPLASELISN OBBLALHIRAAVE Aaslitid 46
controls the | oadj ng mechani sm 30 to nove the | oading héad 32 vertically

and turn t he HbadPREehBagtey, #aferratbvEot s t Fandecwafions 38W”) are
| ongi t udi nal Iyl sdecison oKl Shoiding L0198 SEEEKSeWEQB@eP%%: \}rgfer
f boat 17. e dumy

sel ect ed%ﬁef erence distribution pattern in the wafér 7

waf er quafti @ RRISGKiINe Jakak olren mangefor aapentielnt t he
sel ected reference 1 st ehlut i UFHAL&S N, dadriBatBBRbErp0fcLe ORj1gpt i ve

objective wafers PW are placed on all the holding parts
17B in the objective wafer distribution range R, and for
example, seven side wafers SW are placed on each of

25 groups of holding parts 17B above and under the
objective wafer distribution range R.

. In the reference distribution pattern L25 for the
batch size range, where the reference number is twenty-
five equal to a quarter of the holding capacity of the

30 wafer boat 17, two successive vacant holding parts 17B
are left between the adjacent objective wafers PW; that
is, in the reference distribution pattern L25, objective
wafers PW are distributed uniformly at equal pitches
three times those at which in the reference distribution

35 pattern L100, objective wafers PW are distributed. In

the reference distribution pattern L25, for example,



15 wafers PW Wen the nunber of the objective wafers PWis snaller than
the reference nunber for the batch size range including the nunber of the
obj ective wafers PW the dummy wafers are placed in the vacant hol di ng
parts to distribute the objective wafers;FWand the dummy 20 wafers so as
to conformto the reference distribution pattern. By the el evating
mechanism the |lid 20 is elevated to carry the wafer boat 17 into the
reacti on tubeeverarsiide wafieérsh&Wl ewer pdndedpen rgchl Rbfgtdups eaft tiva t ube

25 11 herneti,cal ly. S uently, au stemis,actuated to
evacuat e the }}oglacé:‘{rli%ngt% %%_% 1?17%0 qs‘](;a tﬁég’l n?’lécrlés%r & tﬁBJ?Sgéf’Fon‘”?{%’é 11
at a predet erdiistediprebonr gedilon cR i adr isplalheplidichgs i sfepergxampllép heat

the objectiv ers.PWat_ a_pre m.ned processing 30 t erature, the
process gas ?%N?;%epp |J'et:§/\‘1h[ r oftgh ‘?‘ﬁ%&ér olrc}'es Sasrggﬁﬁgf/‘cﬁi P {?%Ikﬁ?‘ﬁ{"oé‘? he
reacti on Bubepdflitdxn LIeBssside whfers i S avé edbs EVYbytéde fil m deposition
process. In the vertical ,thermal .processing.apparatus, _35 praocessin

condi tions i ncl udi r’(ﬁ‘%t ﬁsﬁp&”ﬂ%res c>%'tse éFEf‘Q’El?’é pY’ﬁFFFés)PVort?hgelbe
heating zonesprdcdssdd® il amalier f @hahhe thef eniferdlicd riduHbOR of
patterns, res ectivcrefl;,:_g, an t'ﬂ‘(raﬁ pgoc SSi ng conditions are stored in the
processi ng confR¥BE£YSr 88e tPASCh TR ZEpYatPeye| 2 cPUMPRE A cFWHEY

]gi stri Euti on watées N dfifall heoS BRES HickFerures @tecti:w&rélnobl:aét | veF ddgss PW
romthe_distrihution pattern storage ynit 42, and selects_a tenperature
profile &ﬂ t HAPRRT s 35 }éesé’l"g&eé’g ?gf c8PAPSEL VBt P At Pl A¥S om
those stored held henprilteswafgrc Gukit | 0N HoyerPR Ui té3 thi0 dbfebeter

control unit 47_contrqgl the ration_qQf the cylindrical heater 25 by
control ling pERESTE o£‘8e §ﬁp§?‘$gd%ﬁ"8 Ohd SGHLIVRIMaEAT shd Ml Andsthe AWETasi s

of the sel ectwdfépsparat dietpibhtba 86 hBaltd >R D ZHHESTdleténd® N
the reaction tube 11 are heated at %g predet er m ned processing
t enper at ur es, 4+® PEyn Pathery k3 ypply control unit 48 controls the gas

supply unist 15 to regutRke rdrereiRel YdiStrivu i esat68sn Sueh sy the
interior of the reaction tube 11 is maintained at a predeterm ned gas
concent r at i onPTEChr BLEEsFRRESohjBEERY Ehep FRIFECO e\ Ibe T ¥ | o&Ption

pr?cess. Fg_r &XAADE ethehhol aapgr @?paeigyofdﬂ g;r@grv{)aemobrl_s&m_i'p, tﬁ&nely,
reference distripution patter i,s determin subj ecting the

ref erence nun%’e#g%f 8Bfeéfar‘i?é"%\/;]%%}§“f-‘@v??%§nt 5 | iﬁf@r detiqaem the

I oadedhi nt oI t H@J NBERt Bﬁjbea&vf v&agetrbe vef e'l‘l?élﬁeidi,s'ﬁ.hi hﬁ{é Of‘eﬂéli-éx?‘éé\ L25
to a ther rocess heatin e obj ive ers, PWin the sane reference
t enper at fre p$b? ?’ebﬂg'}?’hi ng’a@é‘ﬁrf’en%gdat ur%@J?‘éEb\é%ti vafereor Bhe #Rting
zones Z1 to Z3issribatedhemna fidrmivalet bgahllpiticHdd | ¥wisadednaddh 30

objective wafers PWi.n t refergnce distrib ti,gn Qattern L100, and
adj usting t he"PEFRr edle tWifper BREPESRTDf i AESERIPHELRRsI Padrtante rkliQPt of

the thernal pepgessivet eafiered bW aranidistribireddUs PhoaeTs eFe £bE&5dd Ve
wafers PW Thgiggngﬁgiggep %%LEke]ﬁﬁg,tg§} example, four side wafers

25 SW are palced in each of groups of the holding parts 17B
over and under the objective wafer distribution region R
at equal pitches, for example, at pitches equal to those
at which in the reference distribution pattern L100,
side wafers SW are distributed.

30 When the number of objective wafers PW to be
processed is smaller than the reference number of fifty
of the batch size range, a number of dummy wafers equal
to the difference between the reference number and the
number of the objective wafers PW are placed in the

35 wafer boat 17 together with the objective wafers PW.

In the reference distribution pattern L75,



35 réference distribution pattern L25 is stored in the processing condition
storage unit 43 of the controller 22 40. Tenperature profiles for the
reference distribution patterns L50 and L75 are deternmined in the sane
manner. This thermal processing nethod dpgs not need to use 5 processing
condi tions needed by the conventional thermal processing nmethod for
processi ng objective wafers in a state where the wafer boat 17 is fully

| oaded with Ohdestjiare iwafans W #We adils huhbutednpnwaher sipsHream digie of
dummy wafers d ISt essing, method i.s 10 not the

di fference bgtl\j\%g‘en eeéné]u er oéng%?géﬁgvéiﬁﬁgg?gnaﬁ tHhE FFLASHF Eacity
of the wafer ib@at, 1¥thendowen heidef feer ewtewbdt vimenFige BiThat gfitdhestive

waf ers and t feren the selected reference distr.ibution
pattern, whi (r:éh%'llrag s?rgl Ictglr%ﬁ{:t ﬁjehlf%‘r rr%? 15| Ff’g?ﬁﬁﬁg.e HERYAn ve
waf ers an® depahtexal eht0@an obd edititvel we Belr £ 0PHS dxe cADEeribhieetihe swi ect ed
reference di shri byti ttern, . .an he processing ditLons are

det er ni ned erﬁr%lleri (%%If%},e%%fl fiﬁgtgﬁjgg%f‘f’f}e Rﬁﬁg?ﬁnPVg‘ign he SRS i al |y
uni formy preesssedide tWefdis nSWieppsi plasedr 0feeschn ofi Groupss B agke
uniformty. ﬁ maigrmateggerﬁa#res I.n th$ heat i ng éones are controlled

i ndi vi dual | y, t1ie "6bj BB e ePYSB\W AR d WG f tBPerePpRStiYRnIaten he
waf er boat 1diedrilemtirorceskedrbR .the 25 fil mdeposition process, i.e., the
t her mal ocess, in.high Lnteréggfer upiformty, In the reference

distributPon pattel®ST 2508 PEBPRLyi A t PRISSELYRnC¥AFRFS PR nHiQ eb& han

hal f the hol giregrecaati tis of shaEl a@f ethdnat thd, ebifesbhve Waisker30 AW are

di stributed uniformy..at pitches three ti.nes or twice the pitches at which
obj ecti ve vvafseervsenﬁ\)(/érlé'edi%‘% rpﬁﬁt %ﬁtf:ﬁ FAES H e @ dPYPPEB U0 YFEM er n

L100. Ther ef ovaferml letinalobtectihe ifEereRBeC aBebRedh 0CESS €G-dfiti@indd e

substantially the _sane,prQqcessing conditions 35 inc]uding, for exanple,
processing t ot u?gdarﬁ"%rBng?rga%é c&ﬁ?erﬁ Rehve cyrfegsen®Vy arq | the

23 15 placed in the wafer boat 17 together with the objective
wafers PW.

In each of the reference distribution patterns L25,
L50, L75 and L100, semiconductor wafers, such as
(unprocessed semiconductor wafers) are placed as monitor

20 wafers MW in optional ones of the holding parts 17B in
the objective wafer distribution range R to confirm the
result of processing. In the reference distribution
pattern L75, for example, one monitor wafer MW is placed
in a blank region over the objective wafer distribution

25 region R in the wafer boat 17.

Referring to Fig. 4, the controller 40 of the
vertical thermal processing apparatus in the first
embodiment comprises an objective wafer quantity
information receiving unit 41 that receives objective

30 wafer quantity information from an objective wafer
counting unit 35 that counts the number of objective
wafers PW to be processed; a distribution pattern
storage unit 42 storing the reference distribution
patterns; a processing condition storage unit 43 storing

35 processing conditions; a central processing unit (CPU)

44 that specifies a batch size range including the



obj e¢tive wafers PWcan be processed in high in-surface and inter-wafer
uniformty. Thus, the thermal processing nethod of the present invention is
capabl e of stably processing objective 5 wafers PWby a desired film
deposition process, using a snmall nunber dummy wafers. Consequently, the
runni ng cost can be reduced and the desired fil mdeposition process can be
efficiently carried out. The proper reference distribution pattern in which
10 obj ecti ve murflpes B arhee t obhectiiver iwafieark ORWt ey VEH&r bhedk 10F | She

sel ected on the. basis of the nunber, of the objective wafers PW_ and
processi ng co‘%ﬁ?? gﬁ e TS o ALY « R fQymatiah r sesedied dbyt r Eheti on
pattern are sebpeteivauwafer cldnti thhusnféhnatbodi Seteivingh wiit hg1,

obj ective wafers PWin the _wafer boat 17 and the selection of the
processi ng co%%i??%ﬁs % ahehETFRFS Lk Y LRIE QR e Pt @I cPRBY e ABPRAKRD

efficiency cato behenupaeikic Negténe ssaee raiqd eﬂfsmdit%rsbbtgé&fb&)a%ﬁer n
Is 20 used fo%l? isqi.ri but.ing objective wafers in nunbers in the sane batch

d

si ze range, obj®ct Jv%‘_:’?/@at?‘é Js°’P\/\/R%ﬁF‘_b‘“é‘ sEiRRER 191 dé3ir eandhererds
process Wit hopio6dedghdy EBAIRELEASSI RS ARy U | {nd Nes0YEBELA T

t he objective fers PWis changed within the batch size 25 range. In this
case, only the® F€ of d&&m@%&&"s Rkkex¥ny héremandde Throgessingl
thernmal processhdijtbdpar stegage t haikr easnt iawe;mm@ %?@Q}e i ng
out the faqreg in%gg_he_r mal pr_ogessi ng met hod i s capable o stab%algg“&y
processi r’ré al4° tHEM BT RSt e Tneft 2 r $DP I5PMPaKas r Bhef inefiaranes themberocess
i n high in-susf agReandlidtiteid Wd fdretitid OaTTEL¥iMAENoh NBaRLERS, Und Nehe
objective wafers PWis snaller than the hol ding capacity of the wafer boat

17, and of ef’_?‘i“&‘?%ﬁ oF c’élt‘?yiqll’éeﬁﬁi"zf d‘é%f?%%l_ W, m 38d d dedsrmimespr bhess.
Al though the niwesE i &F hagchgsArde e dwhRekkS a2 248H8H L@‘é’%ratt:i
n e

enbodi nents, the gresent, invention is not limted thereto oTT ow ng
vari ous nodi fFRREFShsURLE AR sERRE. contrrdes cthe hoatingt meshamd srund@r of

the 5 refigf enee disdtdiiiion bl { BpacRRGe ™o PEr OPIIPNALLY PRLETHIARH (2)
hj ective workpieces to be processed can be p?ac_ed in an ol'drng parts
speci fi ed by Y#eeFefthekbe gelecteg: ireferance fistyitytdss mpttemwmbin of

obj ective 10 wmskpwgees sBBhter 1than gt hg gl encs dpyibern, ffe t h,p7 re{-&r ence
di stribution gatterf.,
ontrolling power supply to the cylindrical heater 25;
and a gas supply control unit 48 for controlling the gas
20 supply unit 15 to regulate the supply of the process gas.

The vertical thermal processing apparatus thus

constructed places the objective wafers PW in the
holding parts of the wafer boat 17 in the reference
distribution pattern automatically determined according
25 to the number of the objective wafers PW, and processes
the objective wafers PW for a film deposition process
under the specific processing conditions corresponding

to the selected reference distribution pattern.
The objective wafer counting unit 35 counts
30 automatically the number of the objective wafers PW to
be subjected to the desired film deposition process, and
gives objective wafer quantity information about the
number of the objective wafers PW to the objective wafer
quantity information receiving unit 41. Then, the CPU 44
35 selects the reference distribution pattern for the

specified batch size range including the number of the



(3). The present invention is not. linmted to the vertical thernal

processi ng apparatus in its practical application, and is applicable to
hori zontal thermal 15 processing apparatuses including a horizontal
reaction vessel for holding workpieces igga vertical position in a vertical
arrangenment. (4) The hol ding capacity of the wafer boat, i.e., a workpiece
hol der, is not limted to 100 workpi eces. 20 Reference Experinents A wafer
boat (17) hawhiectivendi mgfemsaci PW of ££6M obfboseve skbred wasn | oagtesl with

100 objectivey; ¢ PW | r e distribution pattern L100 shown
in Fig. 3: t?&ﬁ%@%@w@%é%tS%%?‘Q%EQ%% ﬁ?'l odB8H SHerPRFRT { Ul | y
| oaded waf er mMeghtanish pbacesr thed objectivecaciers tBeinlthd haldimet the
obj ective waf P o] fi de Ltion.process far deppsiti a silicon
nitride fil mp%ﬁé fmﬁ i‘%‘a J&‘g%i réggé'%i ck’ﬁes(s%%c?f f?@r%?ﬂiepd(%her ‘%i“é’g%% ng
condi ti on§ f st nefiere nuaet thst r fborhi the3@opahioddd nigl @ rithddidedieat i ng
the objectiv fers {((PN at a desired te ratur.e (pyocessing tenperature)
of 760C. Theeﬁrﬁcﬁlr?ea‘sc‘slﬂi BBt tcf’%“gﬁpcﬁ'fi‘f’}ﬁe? or‘{éd ‘%ﬁ?%‘g?:]r?o Sal'1‘:‘%tive
wafers (PW, licsling handchamidmce3mni £6r ninbY¥e Wahet 210ading | Hedia Wafer

t hi ckness 35 _unif.orm.ty be en the sem conductor, wafer held in the 8th

hol di ng part ‘ferro%‘i%%oﬁrf \r,\rfu?r.‘ e&,’etﬁgaébﬂgr afl 3275apgh ity Mais dihawv i n
Fig. 3, and tthearssefércarinet 88 Wohet thelithallyt b ld@ndohaliditRa e fHeom t he
bot t om t.he upper nmost_ noni t Q. waf er was t0Q.5. Experinent 1 5

| ~€.,
Twent y o#)?ecﬁkipee%%ffe?s (BRCRer e Thaded i nttde a BEkacliasht (@eberandeg a
hol di ng capaditstmifbulifiboimadettsedm fhechefeimne oslstri bution pattern L25
shown in Fig. 3. Fiye du wafers were placed i he vacgant hol ding parts
in the objective wa'ﬁrfber o‘#%\’ bu‘f?gﬁrrea}‘lgﬁghgyTh egfﬁrfnﬁﬂéngoad’é’d-twaf boat
(17) was car rdempdrds theezefepbntebaunblr t6F Sthkegkliebecab)@tdreno@f er s
(PW to a fil epqsit.ion process for depositing a silicon nitride film
(SiNfilm | RS G PR 1 PREREEE  oran o% ng?ﬁo@é?s_sthe QRAGR for
the refelBncavaleuts iBw! | WhehS thal kinbdrof e 4 RAad Grd e LIveCHd Ve
wafers (PW at desired te erat%re processmg tenperature) of 760C. The
t hi ckness uni¥Brmay 5P3Phethe NTE |erﬁe§&ﬁerreaumhe actPiobjtber i atahr aieq pwy
i.e., the i nrsinidacenobudiongi ithe Wasnbdr 08 T | o pecHBiET whiFeeknass 20
uniformty between the segi conductor. wafer, held in the 17th hol ding part
fromthe bott Uty YAEeFSunarRodtt t't WReeVakprtnbelging raxts he
sem conduct ortolaiddistrdbtiten the 16¥idctilei ngafisrd PRONahAe 919d t QBmnly €.
the Uppe5605twa enr.l‘st Orsowaa].cserthnglafsortng %’o the reference distribution
pattern.
By the elevating mechanism, the lid 20 is elevated
to carry the wafer boat 17 into the reaction tube 11 and
to seal the lower end opening 11D of the reaction tube
25 11 hermetically. Subsequently, the exhaust system is
actuated to evacuate the reaction tube 11 to set the
interior of the reaction tube 11 at a predetermined
pressure, the cylindrical heater 25 is energized to heat
the objective wafers PW at a predetermined processing
30 temperature, the process gas is supplied through the
process gas supply pipe 15A into the reaction tube 11 to
process the objective wafers PW by the film deposition
process.
In the vertical thermal processing apparatus,
35 processing conditions including set temperatures

(temperature profiles) for the heating zones Z1 to 25



25 The objective wafers (PW were distributed in the wafer boat (17) in the
reference distribution pattern L25 selected on the basis of the nunber of
the objective wafers (PW and were processed by the filmdeposition process
under the processing conditions for the 3Q reference distribution pattern
L25. The result of the filmdeposition process proved that the film
deposition process could process the objective wafers (PW in high

i n-surface um¥er mset anfiohi githient erefierenceni idistrtijputdven thatgerhée

nunber of the_ d wafers was, spal | . 35 The thernal. processi ng net hog of
the present i%?/éej%%%hv%%emagdt hﬁ?e @P&?@élﬁgst??%ﬁ’rﬁbﬂnﬁatarr@r nStoB

corr espondi ngith othéeppocbesing chaditilbp etesrdge iy of®sserhsnept ea4t han
t he hol di ng capaci of, the rkpi ece | der. roocesses the workpi eces
under the pr o%gﬁ%?%% cglﬂﬁitfr\g% r EPeongﬁg:r ?é‘ﬁ%l%‘f Btk 5 the

r ef er ence 5di sheadwiédn maiber N ofan@hes esb HeEBIv@O g LS PRECESSA YEhE
realize a distribution conformng to the selected reference distribution

pattern. Consé{]% ’Fﬂ'?‘flgl?ﬂe R ofSHIRRIRc y 4¢urmPfor RBTREEE cAn be

reduced, the tempéngtaprst pebfheell onedugiesl, Bagikhe osor ki ceseLadtde
efficiently processed bé.the Ergdeterm’ ed thﬁﬁrral Rrocess. Mor eover, since
¢ B Moh

t he wor kpi ece8etEFeBe® gHLFFFAREENOPn PR tHaHY | eR8c SEPreshfidy nFhe to
the sel ected pedcaesing deshdi bibh08torager inieagh, of the workpi eces can be
15 proceiited basi cal Ié/ in high in-surface uniformty, and the workpieces

d

di sposed i £ er e R teBHROREFOh IR bl seentrohi Hie | operatibpkppEce

uniformty. Thget RAMMdARAESREAGe@PRHE als 8bntPE1 PLRGEHBordWERbi Obgi S
capabl e of carr '{'9 ‘ﬁUt t he foregol ng .20 _t her mal procesmgﬁ) met hod wth
reliability. ﬁ‘ﬁ%@ ®fe Honeth SHrIRLirad dRpRter udSofon hEher basds of

invention is th@alieladtdd 0tREPRa iRk Ppe6es1an &b JRHat SUhbaCkepiAr Mty
and in inter-workgi e unifgrm’tytgven if the nunber of workpieces is
ol i

smal | er than ¥fR€ i NP 28 cadhcithe dreadie tor kpPecd horeer heated akml |

nunber oftsdunpyed@tphiresd précdsSing Thumpbbattbes mkee{o@eeiﬁémg. appgé at us
I's capable of efficiently car rr?él ng out a desired thermal process. Second
I

Enbodi ment 30928 vEPPPLY| CORdT A8 AgnhpphPathe i99sa SRRl unit

enbodi ment wii$ ke desaridied ’@h"eaﬂﬁbbﬁ? I0F Cc@td YpbPEcast dakheduml eheeess.
Figs. 5 and 6,show the vertical thermal processi n? apparatus in the second

embodi ment . ShBRNiPREELGT 9farthe keagkien obube &1 igomaingaimess at a
recei vi ng/ del byeiéB@rmfhéd1dds 2ondehit®h tidn W HrEsdidi ¢Ha 1d8jeleL@e! i er
storage Lé’b't %ggérgngwaby the film deposition process.

For example, the temperature profile corresponding
to the reference distribution pattern L25 is determined
by subjecting the reference number of objective wafers
PW (twenty-five wafers) which are loaded into the wafer

25 boat 17 in the reference distribution pattern 125 to a
thermal process heating the objective wafers PW in the
same reference temperature profile defining set
temperatures respectively for the heating zones Z1 to 25
as that where the wafer boat 17 is fully loaded with

30 objective wafers PW in the reference distribution
pattern L100, and adjusting the reference temperature
profile on the basis of the result of the thermal
process determined by examining the thus processed
objective wafers PW. The temperature profile for the

35 reference distribution pattern 125 is stored in the

processing condition storage unit 43 of the controller



27 transfer stage 124. A carrier C containing sem conductor wafers
(hereinafter, referred to sinply as "wafer") W i.e., workpieces, not shown
in Fig. 5, delivered to the receiving/delivering unit 121 is carried by the
carrier 5 carrying nmechanism 122 to the rrier storage unit 123 for
tenporary storage. The carrier Cis carrireéd fromthe carrier storage unit
123 to the transfer stage 124. A wafer carrying nechanism 103 is installed
in a wafer | d&di ng chanber 125. The wafer carrying nechani sm 103 10 takes

out the wafers Wfromthe.carrier pl a the ansfer .St.a 24, and
transfers the waf eerfn\Wetr@t Iiﬁafpé:lpfgc} S %eff qiq‘ee re td"g&’ ]tﬂ-ﬁﬂ
hol di ng part patXérrand.5mwrced, a&eb@ﬁteeinewﬂd)ruﬂzme E’a&ndva:faatndmat 127

is elevated by the phaa | evat.or 126 into a ace 104. The furnace 104
and the associ at ed.l%dTﬁJ LnREC5RE S d'&gcr"fe#g'ﬂmt:nc{] 9 H38 .
Ref erri ngst o gidbedsindecdndigrsnd Ode 688" byetha M&t‘ﬂ@n'alr e.aﬁﬂnm t ube
141 including a inner tubegﬁa rFformed of, for exanple, 20 quartz and

havi ng open S84 ngh ¢me t%¥°?%5§1‘ﬂ18bf38r°ﬁééfeofwa§%?s edBni e,
quartz anddhawuaru;a ameé_aﬁéedhgpmfrff&nd%o@@hdla_ heatfttugtyllg%baaalé gﬁl&mf&ﬁfé SO0 as
to surround the reaction fube : e heating uni i ncl udes or
exanpl e, thré’g’:'r?é%ﬁ %s 1%@%{({“‘395\56‘5“@% ‘t’ﬁé@’ﬁ% r Shesmumbere Afer s,
respectivel y digye SROFEH 1 Onésda@rby Cehiy @heanged preriels’E ngORRTNId &
t her mal roceSS| nqme{)ac in the reaction tube 141. The heaters 105a 105b

r

and 105c gre"&ﬁtt JLfARANRR (BRtYRATh (Fhe | Mmbenpet 4 RhiartivR

outer tube l4irdds 3hd h@aéeﬁéaamgtaaﬁaéﬂyabe LUBPQERIrRd Roat qvil idul i cal
mani fol d 142. A&)I ural it as sugg EEI pes 143 (only two gas supply

pi pes are shovh }PPF‘?"gff%r?%‘F chatw s &PE‘bBFO\?ifd Jestiye ¢ into
a lower regi Qa[hdn e iFeEdrdnte Iikbe AN exhaid RidIdkddl hase & end

opening into a space between the inner, tube 14la and the outer tube 141b,
and the ot herdeHd IIHHRR eBatEernyg whigte ubfn SHFg 1e%ot thanwiher £t
t he reactpon did¥erdhee The i nner tube 141a, the outer tube 141b and the
mani fol d 142 constitute a reaction vessel. A lid 145 attached to the upper

end of the boat el &R PPISLiVEscUafRES| AR SHBHeHRAGLST €M2 R fol d

142. The waf efi dowibdidd | ot €6l eBn&BrinnHd athaJdskliebtdd’ RBENUH&A on a
turntabl e 146 dlsEosed on the lid 145 so as to be driven for rotation by a

drive unit, s tiomoBatE8FRon@Rds Hte (RECERRFHRY GrHcdsdrns AYe

appar at us i n ddwesenesdl emﬁﬂﬁliasmﬁinan GHY I &b SyELiwen whEbrbe pfessdr bed
106 controls heater controllers 151,

W th refﬁreneto FL’% A_contr

nanel y, Hk&at é? ® cofiUPEItRRLd atsYa, WHHIPERLY 15Proressed: i WY y £BR cdrtd®i | i ng
the heaters 1i5sosilOidh apfoddss oh hhghlirieairism@edinidi Alemi to. CEild the
t enper at ures f the heating zones of thg}ﬂahernal processi ng space in the
reaction tube™N9i1. eﬂP@r&ﬁ&ﬁﬂ | &P 1¥Rec TP aZPP&AstaFe cARTHIESA31 to

control the opddtidiabiy €hévebyeictild? Walerd i MW NHelHe aMAlHIF Ktidnti NY
mechani sm positions in the wafer boat 17 can be processed by the
25 film deposition process, i.e., the thermal process, in
high inter-wafer uniformity.

In the reference distribution patterns 1L25 or L50
having the reference number smaller than half the
holding capacity of the wafer boat 17, objective wafers

30 PW are distributed uniformly at pitches three times or
twice the pitches at which objective wafers PW are
distributed in the reference distribution pattern L100.
Therefore, all the objective wafers PW can be processed
under the substantially the same processing conditions

35 including, for example, processing temperature and

process gas concentration. Consequently, all the



20 103. For exanple, Objective wafers or dumy wafers contained in a
carrier C placed on the transfer stage 124 are transferred to and
distributed in the wafer boat 127 in accordance with a predeterm ned wafer
distribution pattern, and the heaters 1053, 105b and 25 105c of the heating
unit 105 are controlled to heat the heating zones in a desired heating node
sel ectively determ ned according to the wafer distribution pattern. The
constitution ejedkivenvaberer P¥OGan |be hprdesssedednwiltilgh ef ersunceado
Figs. 8 to 105!%'t- )S ' O the controller 106 in m nd.
Referring to |g.ﬂ.é%£’toﬁga{%ﬁss¢€€§%@% oller 131 and the heater controllers
151 (heater controlThrs, 18ia, tiéthahnpgrédésyingnmethodhe fastdas iptesent
conponents ac ' 0 cont i gnals prowided by a CPU 161 .35 incl uded
in the controﬁi&% Ai'hé)i n%%a%inelqt Jl 2 %%%/ngco?%?%‘?sﬁ’&gi RIREEYS the
control | ef 106afees cBWinbyt @d deiddd £ihnsdépbsitheni prvcesai,t udihg sa
operated to ent a_process.recipe, .a fer djstributiqn pattern, .
paraneters an ag]'i;lchr.1 HREE | ﬁgu?“ ¥t "FEE5Scl gﬂé’é‘ss,equ&ntg%an{aﬁl@ BuRRtR%

panel or a keydmtar dapr obedeteduceétie dndntthrandesifred t Felmheddmds PEDGESSI Ng
apparatus. The counter 1@%?@9 S. t he. nunber %% obj ective wafers contai ned
t

in a carrier ETERET V& IR URFUFISLPWG  unit 121 on the basis

of a signal provi dethdyprop@ppragesanaar diBeribieibn Patiteam ad efhest i on
t i where carriers C are to be

opti cal nsor,.. Informatian 10 apout positions, )

stored i the°%??7’eYesf'8?ﬁ§§ L?ﬁib taﬁ?3g°a&f’d’ ti’r%'ér’vﬁ’fé’?ﬁq henothectYakehaf er s
contai ned i n bt CaNr iy SséléctedOche tHD| Ba&ELE bF atHdehiiRbep! (FESEhdr €

gi ven previ ou%l%ﬂ/%to. the controller_106. Thus, the nunmber of objectjve

wafers to 15 THHERt edVEbF e bAPeh t | RFRRQR&I NN beeholdrns
counting th;a dsbmwh p@’_ﬁdnb%egtévgtmf e$ Sl SO /ﬁi lrngéiféf_leﬁ@ér |@151%1&p& dme
reception of the carrier t.he receivi dvering unit :

Pr ac!toi cal Iy, BPEERtP ol 1259 néq}tfé"d:ﬁ aab'rr%%&?&s‘iqﬁélé’pgar at uS"¥Red i e he
precedi ngd520 giocesution lEst thanub Rictdivwees walfergontwolilrer +tH86 wafer

i nformation a}gout tl?e nupber of qbj %Srtﬁi ve %/af ers contained in a carrier C
to be deliver®Ptoll hé@Rfbr FhRaselREEEP RcLtlei RFossssiany scondictians e,
the nunber ofcarj ebki vevawdf er agelyyai RRhildVeRAChakAl I ithler@HRAN WSriZbngnown

wi t hout countiﬁg_ t he objective wafers {¥vith t he mappi ng sensor. However, it
is effective SHEETHERCY nEPP P2 HMPFPVRY0 count the number of objective

waf ers contai ned i rsinasd ¢aeri €&Emé wpBarbhee’ ettt bu©fod h%a%fé&'heri& 30
rerers, are

St or age its_ storpn at d,_progranms to which the CPU 16

connect eg%to 't"ﬁ%‘gb 2 1%6.5%§ﬁagﬁﬁgpﬁ ?Eé?c 1¥?ewél}6rr8cé§s nunbers ditbrilhR unit

164, a | oadi ngamadebatel agei zai trditde, a dsjebtsi@e watdes St ageaniNige 166,

and a distribution pattern_storage 35 unit 167. | ndicat, at. 168 i s, a du

quantity cal c¥ %??% e%rgar g.r,nci)esf;&:ecl3 thermal process wﬁ:%out changing my
the processing conditions even if the number of the

(@]

ja=—

objective wafers PW is changed within the batch size
25 range. In this case, only the number of dummy wafers
needs to be changed.

The vertical thermal processing apparatus of the
present invention capable of carrying out the foregoing
thermal processing method is capable of stably

30 processing all the objective wafers PW by a desired film
deposition process in high in-surface and inter-wafer
uniformity when the number of the objective wafers PW is
smaller than the holding capacity of the wafer boat 17,
and of efficiently carrying out a desired film

35 deposition process.

Although the invention has been described in its



30 The process recipe storage unit 164 stores a plurality of process

reci pes (processing conditions) AL to An storing paraneters of a thernal
process and a processing procedure. As shown in Fig. 9, by way of 5

exanpl e, each process recipe contains d?j#red tenperatures TA, TB and TC,
desired pressures PA, PB and PC, desire | ow rates FA, FB and FC
respectively for a waiting node, a | oading node and a tenperaturestabilized
node, heati nprefieecréd, embodigendisgs TEhelO prefseindncanwenddssi Nds not

tenperatures,T1l,..T d T3 correspondi 0 the heating zongs .to he heated
by the heat e}%mi'(i)-?é %ezg%da&§5%%& ﬁ%ef?\"é’arfq n}jaﬁﬁf"tlglﬁg),delffé?ﬁ‘é%ﬂr\?el y, a
desired procese popspiddeure P1l, and flow rates F1 and F2 at which a first

gas and a second g 15 _are to.be supplied., The n er of objective wafers
to be loaded into Eﬁré wggEFeboéts 139 ddéBifot tﬁecig‘garinl i nGfdedhi t h

the | oadifg eefetienyeofdiseriBhieioR0gpatifarnd N a5 EMERSBe SYPtAGHMaaf ers
| oaded into thﬁ waf.er poat 127, 20 in which vacant workpi ece hol di ng spaces

are left, in boat 127 are subjected to a thermal process. The

desired processi ng (R¢NpeK et Boe Thorkpiditdsl 3t60MHES pRBteRG kO ¢ P,
m ddl e and thg bott om heating .zones are reference prqcessing tenperatures
for 25 procePsPTf b’[%c?f’Veh?ﬁ'F@f@ |B2EEY PREGLTAESIEr thBatreferepaenout

| eavi ng any vdeairtibudilep et teddliing SPeEessingt henvhber bealobkabtille
process gm g,e | so incl udei tenperature corrections for adjusting the
pr §EO&: 'y

ref erenc 1eFSSenfBralBFres AN ThhedreBerencesgunmhel) 1of 3¢hene

top, mddl e gedFdieinicamdletirimh AN patd@drdi ng to the nunber of objective
wafers. In Fig. 9, tenperature corrections ~F, i.e., tenperature

corrections OFa to (Gfe TR Presgdd ryverker adsr nobr limd tash Heatthey zone

are shown as vigdfiRRaNt ehéMAa EX PRI Jihd | Sppdra Shewi il $053prabthiday 9 are
flow rate corrections OF, i.e., flowrate corrections (err)Fa to (err)Fe.
31 Wen the @RBLHEREPres@Pfy dfparBPLicahlenctecdintd zoiadl ndheragdr i es

out a thes melpricErihg Napphkakibbsbalndl uldey LhendFPEESEANT ARISIRL Ure
corrections Orla, b, ... fnd OTe are_ assigned, for exanple, to reference 5
di stributi onvﬁﬁ‘sleg oy Jaolding HarkRigres g & Vertical posision Batch of

26 to 50 waf er SrerticaAnGdrbaydm@ntd batch of 126 to 150 wafers,
respectively. Wen the ?ﬁaetegé si.ze for the reference distribution pattern
L25 is selected, tH&)cdh 164 ngr gapacidye L Fhen¥afereborde 10pro@essi ng

temperature WorkpidReeMbliReg deSincd INMMIGRSS It 10V RRIAX D&, not shown.
When a full-batch node is selected, for exanple, a desiréd processing

tenper attPe TF may ReE GOeRcee FFPSTIMSRtScessi ng tenperature T1 or may be
deternined by correctiafed hbald (B eredetndrCesaldqgt egparaty’ 8£7100

objective wafers was loaded with 100 objective wafers
(PW) in the reference distribution pattern L100 shown in
Fig. 3; that is, the wafer boat (17) was fully loaded.
25 The thus fully loaded wafer boat (l7) was carried into a
reaction tube (11) to subject the objective wafers (PW)
to a film deposition process for depositing a silicon
nitride film (SiN film) in a desired thickness of 150 nm.
The processing conditions for the reference distribution
30 pattern L100 included heating the objective wafers (PW)
at a desired temperature (processing temperature) of
760°C. The thickness uniformity of the SiN film formed
on each objective wafers (PW), i.e., the in-surface
uniformity, was 12.0%. The inter-wafer thickness
35 uniformity between the semiconductor wafer held in the
8th holding part from the bottom, i.e., the lowermost



Referring again to Fig. 8, the |oading node storage unit 165 constitutes a
distribution pattern selector together wwth the CPU 161 and the input unit
162. The | oadi ng node storage unit 165 stores node sel ection 20 recipes
speci fying | oadi ng nodes of |oading the wafer boat 127, such as a

full -capacity | oading node or a partial -capacity | oadi ng node, | oading
manners of | oading the wafer boat 127. Wen the full-capacity | oadi ng node
is select ed rmx}semrrveaﬁarew ame Fignded, 2Bndntthet eemixdardumzdr 1@3fen an

upper - part g t s.are ced fromthe
top hol di ng spacd]e (J:)'Eatﬂ EF!g‘bcl)-lal’tel %g# d%‘%% ,O?rg Fﬁe P%att:r Nroatit Ry’
manner wher e thee mem\os'e mvarﬂ:etcsr awafet ade)Yl fasnt0 hes bott om hol di ng space
of the wafer boat I;%L] , or a mddle-part |oading manner where

obj ective wafers are ace romthe m ddl e hol di ng space of the wafer boat
127 upwﬁr I5dand dommmmtyanbjacrm:megwa\ﬂersldmr:ny 'gaf:er su&&dedﬂ aelctdFig\ -
vacant hol di c oadi t he_objectiv fers. For
exanple, a flwg%(l%la ﬁ%ak: 'iggdg; 388 12 glgof 1P e CRBAEL g (c-]ft reRfers g1
specifies a therthé prefmmceg dmlﬁslb\ﬂ-aémhep@taeﬂunhes ehowd agf i megwafers
smal | er than #oadl _ pac%teyr/r of the fer boat 127 are rocessed and

nof 67 g BaFY

| eavi ng vacari Y Rig “parY ifofe%% Py2P8dditRg Vegatt thatding  see

to the referqm:netsilsnrltbat bblje&tmar"et siafer ik tdikntild feghsSRshormei n
Fig. 10. bnf I-b g % C|f|eg1 n the node.sel ection recipes B2 and
B3, the Waf er %%t 1a By t¥2BoFaLELee W @ ¥R2GFIPR bot h
obj ective mfmmannlnumsmﬁecs Whieh @it ectdwie) Gradiae sV A W) Ik pFene 10
hol di ng spac oldin par in fer .boat 127 is full Ioaded

regardi ess ofé?ﬁ%s ?cﬁﬁfe%’t’?:vgaeﬁ’&sé ng, & SiJisas stktrige Hhlrn

si ze tabl e st(sage mm) 16fm and abele‘le&trthﬂbkﬁQSEatéEr .56 Ofdgle UNftie 167
store data to_ 15 which refer(gnce i S nE V\g1 exanpl e, . t he node

sel ection red?PeCRASERLci FORABETMRS £ | %at’f: oxpnce s diskrikiutiane

batch si 26 t gbhetstnr 426 L&ném&éd shekeing ReHLhobiaati vl gaFaw ngewpt ch
si zes, and the_ranges af t nunbereﬁz of o lpectlve wafers included in 20 the

batch sizes, TesgectiSHIN ure, o (Progessinfncberrerrtreebat@h size

tabl e on the Peciics. omeéletHu&bﬁésef URRJfRGHIIME, VB efBet BilE MNALECESHReg AS
nmenti oned i n connect.i on Wltf]:i he ex anat i %@ of t he tenperature correctl on
TP (il

specified in The PR e & Al"i’a &85 al i tySof bER®h WrWrface

speci fyi ng mthpbmwir,twatsyf iMe, o¥.e setThar tihterehRrice chadkhddd i on
patterns, 25 L9 150 an %ﬁe ref rence _distribution patterns L25 to L150

corr espofidi ng"t o %tﬁ?@acf’ﬁdl’ﬁ Ofi daHut MRS pdi eFhe
storage unit ]l’Bﬂh B&llaugg Jﬁhﬁ&loﬂﬁoﬁxhth@ef}ﬁcsﬁm diséri, blﬂHéDm&@éirﬁzié\@ L25

to L150 stor e_di.str t.i. 0 attern_st.orage uni_t 16 Fig. 10 shows
obj ecti ve mﬁréPFégdgafeﬁ Pﬁu %’ Ipaft PBAiRE MeTHGOndictare wafer

di stribution patdedins thel mcmnzg tHuel i reg rpbhtl cﬂrq&attl@é Nbot®m, N e ch the
35 wafer boat 127 is ful |1¥ | oaded. | n_Fi qﬂW) was ded areas |nd| cate

hol ding bl ockEh%fulPB‘P’a‘i“ﬂﬁ JAPRECRH | YR TRE

The objective wafers (PW) were distributed in the

wafer boat (17) in the reference distribution pattern
L25 seleqted on the basis of the number of the objective
wafers (PW) and were processed by the film deposition
process under the processing conditions for the

30 reference distribution pattern L25. The result of the
film deposition process proved that the film deposition
process could process the objective wafers (PW) in high
in-surface uniformity and high inter-wafer uniformity,
even though the number of the dummy wafers was small.

35 The thermal processing method of the present

invention selects the reference distribution pattern



33 objective wafers PW Each of the holding bl ocks has twenty-five

wor kpi ece hol di ng spaces for holding twentyfive objective wafers PW Dummy
waf ers DWare held in holding spaces in top and bottom sections in a wafer
5 holding zone to suppress the differencggin the effect of a thermal
process between objective wafers PWheld 1n end parts of the wafer hol ding
zone, and those held in the mddle part of the wafer holding zone. The
dummy waf er s copriesplandd ngaf §ps tha | gdibiade dfmibe oworkpiecdd duowmibes. The

nunber of th f for e er .end.section_is.n-t range of
1to 4, and ?ﬁgt or h% &\?e%r er?gtasecﬁ%%n ihs‘?rll%rﬁ’t eclagr?fé'téﬁ‘ Pho . One
nmoni t or waf eworkphielas | hoddewl,di pgopassebet then wdekpikessnturddddi dhe

bl ocks. 15 A .t he ' ocks are represented by, the shaded areas
in Fig. 10 f %I&%%%\r%elh%en%éé%ggg?%%i Ve vvaqtneréhg 5lsésnocfph§*'8 r?@g‘&cgtﬁqal y in
all the vibr kreferdndedi nglispacdsatiforeachpdibteltmg bl and. Eaelshol diungnybl ock
has twenty-five,hqal ding parts. Therefoye, Wnenlobgective %31 fi&r .PWare
not pl aced iﬁ’°§ff1teﬁ-'§ rlfb?cé%sesa}ﬁ}f di n%ospaﬁgg bF=each hol % Mand
vacant wor kpicetEdralicigng spacechear eskbbictied t htefetshdg bldigdcritudhennaf er s
are placed in_the vacant V\ohﬁghgge h%‘di n gace . nmry wafer distribution
Y

rul es of di sPADHon oP"E6 waf8fsh 5g8ther SWEBrSSREat i fers
PWin each helodikpd dddenck cane beor eddubed, exeng! eruhwiped hetost t hedhe paaf er

di stribugion terns. nmy fer distribugion_rule specifies, for
exanpl e,u]t'é)l aﬁ%cﬁﬁe@t‘ﬁ/gﬂﬁﬁf%&@W‘F?%n‘F?ﬂe{’Foﬁfﬁ&F&FH&ié’pﬁé’qeﬁsﬁ%
hol di ng bl oclydothaaisteddteafd neldactiigriidlmMmpradsiss DWibPebouR| \sAGd
hol di ng spacszzl. The rel.ation bet\/\gﬁn t he wafer, distribution patterns and
the process o8 p¥OTERrEEESsi G coRBi tFHREY IR Fed bt x @ ai ST r iRV LR ocess
\r/ﬁ'Ci pe i ncl u@_e&_ddﬁqul I35 feﬁ%ﬁmrﬁgprpa&ssi nghberfpgééﬂﬁélé@é%'ré, r&ﬁ&ﬁg

ich set indj,vidu . for t eating zonesg to be heat e t he
heaters 105aSif¥&H fosP25-StRe h@gFﬁng°gniFhi0§”%’g‘%’rﬁﬁ%si (£3f gbeg.
Wien a ther rr@irowml bsspe?in%rraﬁx i nighe iféi-@xlix{ﬂa@ebl%aﬁﬁbfaaggty; hgng
respective thermal outputs of the heaters 1 t 0 c are adjuste
accordi ng to tie H?gtéPiQﬁﬁFFoﬁi’osfp‘ﬁﬁ ct'"itve&’vg?ee’f%’.‘t TFs?(‘-i’rsérfi:t’}f"é"‘,g tFR nddfber of
t he tenper at girocageRr HiNE ghs iedier-workgiricedfuriforniftar. di stribution

patterns. For exan&j e, ggéect've waf ers. distributed in the reference
distribution patterhd 25n8k iRFITYPLSURF o APPREAFYS, of the present

invention is capable of carrying out the foregoing

20 thermal processing method with reliability. Thus, the

thermal processing apparatus of the present invention is

capable of processing workpieces in high in-surface

uniformity and in inter-workpiece uniformity even if the

number of workpieces is smaller than the holding

25 capacity of the workpiece holder, and a small number of

dummy workpieces are used. Thus the thermal processing

apparatus is capable of efficiently carrying out a
desired thermal process.
Second Embodiment

30 A vertical thermal processing apparatus in a second

embodiment will be described as applied to carrying out
a thermal process. Figs. 5 and 6 show the vertical
thermal processing apparatus in the second embodiment.
Shown in Fig. 5 are a casing 120, i.e., housing, a
35 receiving/delivering wunit 121, a carrier  <carrying

mechanism 122, a carrier storage unit 123, and a



10 the wafer boat 127 in the upper-part |oadi ng manner. However, since the
upper-part | oadi ng manner, the m ddle-part | oading manner and the

t ower - part | oadi ng manner can be specified, three tenperature corrections
Ola, nanely, tenperature corrections O‘I’a?, ~Ta2 and Ora3, 15 are determ ned
for the reference distribution pattern L g More specifically, each of the
tenperature corrections includes three paraneters specifying the heaters
105a, 105b antramstenfstagehtadi ndd wanrrids, C aroh teiningasémpeondsstoeci pe
i ncludes forty:-£l s f 0 (= punber of batch size 3 (the
nunber of the‘y‘-il%%iélgngir?%ﬁégg e)% '3 ‘Y?aeeﬁnguﬂi‘og ot ey nddt B\r )e.rsé?h)éWCPU
161 execut es i he. duwaykpieaest ynodl alhicati nign pFbgr ab), 1d@liinedred rp t Eige St eps

of cal cul ati ' e en, .t nunber _of . ohj ectiye wafers to be
25 processed mégaae%gl{‘%%&ég%&d&fﬁ%é\ggp&ﬁ gi%}e | 8’ ELS cg’ r iRy FJFEHRE
nunber of Sobjextryengafechandsth ddutat ithe tderrigbestotaguamnival £23
correspondin he cal cul at ed di ffg(ence. The operation of .the thernal

processi ng ap %’?a‘%ﬂgp%’f)aF¥ PHRt LR ond RTRATASE Gils FRETARLF¥m then

reference to eafiisr ceabraghownith 123 tdl.thh PESSESSeF CaitRgeSASU f Vi Ag
processing conditions for, a therf‘ral '%rfoc]r?q%i to which objective wafers are
Bpist. n

to be subj ect®HFE SATFIHLY | fiee 1s; ypete1bedi o recirfes 35

Sﬁ| ect fed in fslﬁdigd?g Eharrb?&t ridsut i Oﬂlhée@dﬁ&a aéﬂzéﬁiriﬁﬁgi irie%ah@.%ﬁh'ﬂoé nto
t hose for .a full-batc 5 dstripution e and those for a
f1'exi bl o1at RS L PRBUERSH WREEES |"$ SRR 1 e GRFERCH: & RUAFEFo PR | s

sel ected, thetramgfam goamyd 0124ep &3d IHradeFddeXichbe-wats&hs Mydeebs a

sel ected, the géggr%)m oei r70 5 step 4. en H_%e} ul | -batch distribution

mode is sel ecfRPT 1 R & earrying AectBR®Em A%yadba¥bpecthding er s

and dummy vafpasts N12hatapddebunbe@ bheaVBbat B0atald? b¥et herhoadi fgr

procedure spez(ﬁifi eq|2i n the full -t%g:ch 10.distribution node selected In step
I

S1, such as tPR¥urPJatth GLEVAEG iV (DG BRA%hekeVRkor gl128, ingol gad t he
waf er boat 12furmaceflbddy | oaded state. Then, the objective wafers and the
dummy wafers | oade intg t he wa;sr boat 127 are subjected to the thernal

process. 15 Al t houghP€ heUFiRfe baP2haBAs tPrp ASSOFiRi@s icomranen s wiskdanpl e,

for a maint erdacdepepiibed, witk sefer&nyebeoured.fol tHerastind tdearig
process. \Wen thﬁggr?cess reﬁriBEe sel ect ed iniqt“ﬁ:gL S1 specifies the

f1 exi bl e- bat ch dF3¢r FBEPRGR e CONPEAEER Po &oralds garstHen Fubr
nunber of objBLliyrchabehg &S ivvledctiitbd N F1LPEStmedNOLQPHA QML S ep S4

makes reference to the batch size table to,find a batch size including the
number o%%t heTof &2t POE %!ff"é‘rnsg cRER eGPBYSLRE &R\Ght 2nd 6301 Quteke Ibe he

reference di st4ibufodined of, for example, quartz and having a closed

upper end; and a heating unit 105 - disposed so as to

surround the reaction tube 141. The heating unit 105

includes, for example, three heaters 105a, 105b and 105c,

25 such as resistive heaters, respectively corresponding to

vertically arranged heating Zones of a thermal

processing space in the reaction tube 141. The heaters
105a, 105b and 105¢c are controlled individually.

Both the inner tube 141a and the outer tube 141b of

30 the reaction tube 141 are supported on a cylindrical

manifold 142. A plurality of gas supply pipes 143 {(only

two gas supply pipes are shown in Fig. 6 for

convenience) are provided so as to open into a lower

region in the inner tube 1l4la. An exhaust pipe 144 has

35 one end opening into a space between the inner tube 141a

and the outer tube 141b, and the other end connected to



25 pdatterns L25 to L150. Suppose that the counted nunber of the objective
wafers is forty. Then, the reference distribution pattern L50 is selected
because the nunber of the objective wafers is included in a batch size for
nunbers between twenty-six and fifty. 30,dhe follow ng explanation wll be
made on the assunption that the counted nunber of the objective wafers is
forty, and the batch size is for nunbers between twenty-six and fifty. A

waf er di stri lutvacuwat pemp,spext f skdwiby tthe exdfaarsncehdi Febicdtibbnortyiss t er n

35 L50 is selgcted jyn step. S5, and nupper of necessar umy wafers is
cal cul ated i nﬁgt'ep t%e ‘L\'ngﬁuﬁg}e o#hea’ BEHg PHLEE e \yiﬁghe@é‘gsa’?l})e dunmy
waf ers i s equanitfiolicheld2f feerertoictutad waenrdaet iprevirassty . count edanumder of
the objectiv fers, PWand, t he nunber_ of t hol di arts required by the
ref erence di ;%tt\r%liaocu e|don\4:\/|6)at glé'?n EESE | #1%i & ca§§? t gaﬁun%]z‘?"%pﬁec]e%%ary
dummy waf®rs dlodes -thé loker lendtepeingt bE HErmeai £¥iag 1@@2Chanksgn 103
operates accordin 0 C rol signal provided by the transfer controller
131 to distr i"ﬁ% t_&?@a%g)rfggob’jsecﬂg\?é‘tﬁgf eP8 AR anBstAtddmUBAFerkdDw i n
the ref er enceupdrtidiitonnapauatablal 106 @iskdsdd dbethal diag 1% tsp i n

t he hol di ng bl ocks ,of ctrhe waf er boat 127. Reference is made to the dummy
waf er distri B it%h RIFINH &P% FRfdECRiRh & e eiddee nRGt$HBM | on

pattern L50 in di styHdué i ngoipondwivsy Weker stV t ogedfed1 W tdrddiss algect i ve
waf ers P%\éi n each hol ding b] ock. After distributing the objective watfers PW
and t he QUnmPREFR LHOWRACEBRISRFONS SPfimar s 8i sontredi aystam,

n”ﬁnitor wafervamn/vmsh Etle;&cf&ﬁ&sied rw%ttle féﬁt')éifé}gcé)atfé sri@ DNy Qil‘oﬁ(’j’@:f&!lﬁew AS

shown in Fig. , t ref erence distributiqon pattern L50 includes three

noni t or waf er]sojﬁgfl/\/a‘?’%(ﬁ&tﬁ)pg}eacﬁﬁﬁry SR ISR U sitfEneddt er heatirr

el even | ower gbninoMadey s Didal, . €.15180 HRAEr 194d a dHBB¥cLR;eLy anghi ne
ers. After thus |oading the wafer boat 127 wth the

| ide d f
s?\;(vte;/- Z: gﬁt W%W bddre ehepiesie 138581 eviPeR tardunat@Pchrf e into

the reacison Hadigingt lunkt S16P, S&o t BENLRLE! itHe Oftehﬁa%rﬁ%ﬁﬁteisonofu%eld'l s
heated at predeterm ned tenperatures specified in the previously sel ected
process reci S’lﬁaﬁF’rﬂQ sEPNeENRY atthieestRBERRL| RFIILIHODr sPBSe riv| fdere

corrected acaeazbtitd 0 fule batah, si zenhand dowt 13l butgeon Ly dha Pbigective
waf ers PWdetern ned on the sis of the batch size, and the interior of
the reaction tﬁﬁﬂ? anﬁga garat131 to control the operation of a

drive unit 132 for driving the wafer carrying mechanism
20 103. For example, Objective wafers or dummy wafers
contained in a carrier C placed on the transfer stage
124 are transferred to and distributed in the wafer boat
127 in accordance with a predetermined wafer
distribution pattern, and the heaters 105a, 105b and
25 105¢ of the heating unit 105 are controlled to heat the
heating zones in a desired heating mode selectively
determined according to the wafer distribution pattern.
The constitution of the controller 106 will be described
with reference to Figs. 8 to 10 with those functions of
30 the controller 106 in mind.

Referring to Fig. 8, the transfer controller 131
and the heater controllers 151 (heater controllers 15la,
151b and 151c) control the associated components
according to control signals provided by a CPU 161

35 included in the controller 106. An input unit 162 and a

counter 163 included in the controller 106 are connected



corrected tenperatures. Suppose that the heating zones 35 corresponding to
the heating units 105a, 105b and 105c of the heater 105 are to be heated at
desired 37 tenperatures T1, T2 and T3, and the desired tenperatures T1,
T2 and T3 are to be corrected by tenper a?%re corrections OL1, ~L2 and O.3
for the reference distribution pattern L50. Then, the heating units 105a, 5
105b and 105c heat the correspondi ng heating zones at processing

t enper at ur es Gd+aThusT260T2 Thd IBpuE3uniesaeet iiseloperditet tdeemiest i £
zones correspondi n%to the heatin 1Q5a,, .105b ak;rjd 105c have been

uni §.s .

stabi |1 zed atPTIRETR oRRSEPRY RelBRel: GHELTERHALPT PALIOIN o BRFANStaRS
respectivel y,aidiespehdet ephd niowt 0cAst JaResimeéEudePp| iFed alxampadet egni ned
flowrates into the reaction vessel, and the ses are discharged fromthe
reaction vesse?U¢d BIFEEt °Fhd PXE&&F@ PrOVRESFedtt i i Vert ppel of
predet er (rjr'BBedttpéf qlslesaham pf@&é@éﬁngTﬁlﬁpéﬁa@biseCtTWh@ d&{:&ﬁértbds B@Agﬁeéi are
rocesse i | mdeposi_tion praocess, j.e., a thermal process. |

ﬁent i oned a%o e W‘V@ﬂe h&%t I‘?g’rjrﬁ%t’ﬁ’reoc’é’sé?% cPpErined AR eheatdan C
enbodi ment carédEBvedt by t hbenbleBeDGESG/H81108r{ heXi W £r batgh gRdeynd he
obj ective wafers, Zoa?t,re processed under processing conditions determ ned

for the bat cHP3FLR t e bRl RFMHCASS . PYheR e MARPLNG e SEREQTeN O BT

usi ng dumy veh&ns, asdchi B8 ReGRIFMLITH sPRhdl s88s¥R] er 1RPSEmALT oM th
waf ers can be reduced. The series of automatic operations for the selection
of 25 thdOr ef2PAptePAsiti PRt FBRYBaCREFACLECEr ditify t ReStred n zkhef

obj ective vwafeisrfi¥ bRerageculrmit on29f Lha NuiRss RheHUreRe V@Eg St
needed to fill g%the vacant hol ding spaces in the wafer boat 127, the

| oadi ng of t HEALBFRcLPPEERE: TPV FRRdCREELI8ERFMF vR¥er $oDe nseblected

waf er boat 12fobyathendemgl CakbrbREe NMBERANIGERH3 KAl TAHIGE 19ad O
operators and i ncreases throughgu . Since 3@“ mum pr.ocess reci pes are

t
prepared for FPREFREEPENERSdi sSTRMBut FBR pHIbErn©f ehlestdste omfens vio
vaf ers Pikdi spéi Bubgdoitadt e Wehéer vheah khbrsll Opfddess tagarl 6‘1%&?9&

distribution patterns, the objective wafers PWcan be processed uniformy
and products gounting the 'number of objective wafers contained in

carrier C upon the reception of the carrier C by the
receiving/delivering unit 121. Practically, a controller
included in a processing apparatus used in the preceding
20 process or a host computer gives the controller 106
information about the number of objective wafers
contained in a carrier C to be delivered to the vertical
thermal processing apparatus. Therefore, the number of
objective wafers contained in each carrier C can be
25 known without counting the objective wafers with the
mapping sensor. However, it is effective in enhancing
reliability to count the number of objective wafers
contained in each carrier C upon the reception of the
carrier C.
30 Storage units storing data and programs to which
the CPU 161 refers, are connected to the bus 160. Shown
in Fig. 8 are a process recipe storage unit 164, a
loading mode storage unit 165, a batch size table
storage unit 166, and a distribution pattern storage
35 unit 167. Indicated at 168 is a dummy quantity

calculation program.



(. 38 uniformquality can be produced fromthe processed objective wafers
PWregardl ess of the batch size of the objective wafers PW The flexible
operation of the thermal processing 5 apparatus is possible because either
the full-batch node, which fully | oads tgg, waf er boat 127 with objective
wafers PWor with both objective wafers PWand dummy wafers DWw t hout

| eavi ng any vacant holding parts in the wafer boat 127 regardless of the
nunber of objectiv&he) wafcaressPWrenilpe praomessrsl, unit hel64 exstmwedatah

node, which | . e t 127 in.a rkpiece.distributi.on pattern
cor r espondi néoqtﬁo: Eﬁl&ﬁhgglgg%sgf 2%%?13%?*? ‘\'I\Xpr FePEtPdy °|°§’c§‘§ll &s«gd ‘%]gf ore
starting a bdtechAnhestatipgogqeesandterexafpl 2, thermail | praicassnodrdwha ch 15
is often used fo 8l ntenance _operation,or the like, cgn qnit some steps
needed by thg”ﬁéee)ﬁasollmz&- bg?c?%ef%gag'andgﬁar?hﬁwé’rtlg t 'ma?’p ed8Yq Pkl y.
Al t hough Bnl yextamplony r eceéach of prveeadasi r efdetEpper aldontainas begdsesdri bed
I n connection wth the 20 ocess_recjpe and.the reference distribution
pattern (or &%%ﬁ%ef ﬁme ﬁgeggﬁr gei’ngﬁﬁérﬁ aarleﬁﬁu\’f&?sgﬁ}\'arﬁ]at f1 ow
rates of the BOocoesipgedeslon’ radals IFA FE and Pe ¢eapeed iveayr ddw 40,

for exanple, the referenge di strigution pattern or batch size. 25 The
ability to séfEi08 oBPP8nal 3 ef LPBALRIY SHut?BN pat t erperature-

significant fembilkfddthmodder datimgestdty AWAr akéSliny t heasecons,
enbodi rregh The_positions of the du waf errs: are not_limted only to those
over and*8nd&FeIIREY] ec BEPEREANT di SEFPBHREHES80 rThge. Tfhe 8bfny TRfers

g;ay bgbpl acectcatsespohditeg hebdithg SpeLeing Nzbhesohjcedbd VReREA by the
| stri butl ng

range. T noni waf er s be. onjtted. The present
invention is 1'éﬁ?pnt??’"csabIggsf%t %‘%9 Fé‘d{ h%g?%e%l gﬂ?o g appitatiRdfor a
filmdepositisesgectesslpytaaliesitrbdr pebcdBsRhgC pereisathrapar atdiese I o

oxi dati on processes_and i ity diffusion_processes, such as J 1 39
oxidation/&1%?ﬁﬁ%nF?uﬁﬂiigg at which a fErst gas and a second gas

15 are to be supplied.

The number of objective wafers to be loaded into
the wafer boat 127 does not necessarily coincides with
the loading capacity of the wafer boat 127. In some
cases, objective wafers loaded into the wafer boat 127,

20 in which vagant workpiece holding spaces are left, in
the wafer boat 127 are subjected to a thermal process.
The desired processing temperatures T1, T2 and T3
corresponding to the top, middle and the bottom heating
zones are reference processing temperatures for
25 processing objective wafers loaded into the wafer boat
127 without leaving any vacant workpiece holding spaces
in the wafer boat 127. The process recipe also includes
temperature corrections for adjusting the reference
processing temperatures Tl, T2 and T3 corresponding to
30 the top, middle and bottom heating zones according to
the number of objective wafers. 1In Fig. 9, temperature
corrections AF, i.e., temperature corrections AFa to AFe
for the desired temperature for the top heating zone are
shown as representative examples in Fig. 9. Shown also
35 in Fig. 9 are flow rate corrections AF, i.e., flow rate

corrections AFa to AFe.



As apparent fromthe foregoing description, according to the present

I nvention, wafers can be highly uniformy processed by a batch thermal
process 5 regardl ess of the batch size, and therefore | oad on operators can
be reduced and through put can be inproved. 40 CLAIMS 1. A thernal
processi ng nmet hod of processi ng workpi ecéS by a thermal process in a
reacti on vessel by placing the workpieces in workpi ece holding spaces in a
wor kpi ece holdertnmheﬂ(mhﬁrmhémmﬁB peoice ity i Nopadetudr kpi eite Sotoed

| oaded with t eces into t reaction vessel, sai.d the
proce55|ng|nﬁ %% ti SPRLeq 8@% %ﬁ?fﬂ?%a??@?ﬁsﬁeﬁ&wﬁr#i%%%?%%’of

det ermi ni ng aae¢EkPmeeae, dltshter | Prbtess PRt eefpePatiiren ddteradiki£CADa A €
di stri but ed b& t he morkglece hol der on the basis of the number of the

wor kpi eces t ABRY pr ocedRed: ATRPEL | 3R NP ctPBre XV fg FPrabPRERER s
into the sor ki eeeibotien pattaenshnasdfber&l b2 SHOIdEDi B Cito RSt Fabeis PN

pattern by the_Jloadin ng. 2 rocessi ng net hod according to
claim1 mherg%%éagﬁﬁtghq§$¥g‘r%ﬁgggi f%ﬁ?hunber apf tdr&ifRes2t o be
processed is wvpeehfoedis tbelbaswafeicsoneeepeatm{ran i twhéh €ré&ChatbEe
ranges in which reference nunbers smaller than a hol di ng capaC|t¥§of_the

wor kpi ece hol #&%e ar E°FaxFhGnsreSRperre mﬂ%ﬁEFéE%tﬁ?%trP%EF?Bh erh®is

det erm ned ongéhs-bagi s thle dWrSdEidd CATRALE Sid&ar 8B9&he’- rJPéréHSé mal
proce33|3%hnethod accordlng to claim2 wherein at |east one vacant

wor kpi ecé %ol BFPGeSphEe | ST HMiReenT he tRYj adeReTRORRpi Ecesdnsizedn the

wor kpi ece hol ggscubeingheeiBelkataeas 19,€ ndtStdHdi £d wrbi AOFEPL E6gtch
di stribution pattern corresponding to a batch size range i.n which the

ref erence nuﬂB@?esnhﬁle§e¥?ﬁﬁ?er1 qrIﬂﬁéamﬁﬁﬁrngacaﬁﬁé%??dofp¥%%eﬁﬁ%kﬁlece
hol der is a MaghpefatdreThertherm@) prRresEhed MBbRadeAc80r 0hREctOsEhgl M 2

wherei n temperature Tl or may be determined by correcting the
15 reference processing temperature T1.

Referring again to Fig. 8, the loading mode storage
unit 165 constitutes a distribution pattern selector
together with the CPU 161 and the input unit 162. The
loading mode storage unit 165 stores mode selection

20 recipes specifying loading modes of loading the wafer
boat 127, such as a full-capacity locading mode or a
partial-capacity loading mode, loading manners of
loading the wafer boat 127. When the full-capacity
loading mode is selected, objective wafers are loaded

25 into the wafer boat 127 in an upper-part loading manner
where the objective wafers are placed from the top
holding space of the wafer boat 127 downward, a lower-
part loading manner where the objective wafers are
placed from the bottom holding space of the wafer boat

30 127 wupward, or a middle-part loading manner where
objective wafers are placed from the middle holding
space of the wafer boat 127 upward and downward, and a
manner where dummy wafers are placed in vacant holding
spaces left after loading all the objective wafers. For

35 example, a flexible-batch mode specified in the mode

selection recipe Bl specifies a thermal processing mode



~1 werkpi eces and dummy wor kpi eces are held in the workpi ece hol der when a
wor kpi ece distribution pattern for distributing workpieces smaller in .

nunber than the reference nunber of workpieces for the batch size range is
sel ected, and the nunmber of the dummy wogkpi eces is equal to the difference
between the reference nunber and the nunber of the workpieces. 5. The
thermal processing nethod according to claim1 wherein the workpiece

di stributionweneer @ i numherh ¢ofie oljdqiiioces vaferd ssmableed thahhethe

wor kpi ece holider.i.s sel ec fr pl urali f rkpi ece distripution
pattgrns storlg%clur?sga %% #le‘e%ﬁt?]gn%%%tV@%ﬁrs%’§ﬁgg&\gﬁni¥%r?’%%s§ﬁt)sartﬂo t he
nunber of thdesriky ecasant helﬂﬂ.ﬂge%ﬂﬂ:g:s,6.wﬂ_ﬂ%ﬁﬁefﬁﬁlypl]_%@§_&!g?g;}{@t hod
according to_claim erein the distrjbutjon pattern storage unit stores
wor kpi ecg di S"%#%t ?’c?vr%}paﬁ‘ggr'ns, g%%h PecHtSi rf@eé%‘fﬁr&ﬁ% i S idtion

wor kpi eces arpmtitedies dLSOOLbﬂl?‘SCid ’735“5 aaﬁarrczslf eghens it V@i&{‘hégy In . g
wor kpi eces ar 0 i stributed. 7..The thernal processing nethod accor

to cloai m 6 fﬁiﬁe‘&’%d’ﬁbﬂ‘%#% ?W%FRPFBEem&G&ﬁ%%%I%%@%tep
of conpari ng B2he andhBB, of th@r %ms?aaec Ik i2ed itwt Eh%lﬁrel Esixééd\é\milﬂﬁidece
di stribution patter.n and the nunber of rkpieces to be processed, a _
cal cul ating tcﬁ:@q’fﬁﬁbv@r SB&FFry REr kﬁf‘@ggsbgBhb@m%%EH"?n wakers ahdkpi ece

hol di ng spacemrmytheabgsfss i thbatr e?lléﬁ]vﬂfg co?mﬁgr: Srag:an&- Pelgrﬁ%%i@'t e
[ t hog accordi n O.Clalm erelrn e | oadln S |

\%?ES?ZLE@ {Tg’%éﬂd}%cﬁggﬁﬁgah‘t?ltd"}é’%aPQEF%t &t n%ef"agﬁrd wbRRpiieces

into the workilee NAaiEd | rddraRdast Qstglztﬁ{él Bty PR £ eTdhy bl

t hermal processin q?tq$d according to
wafers to be processed.

The batch size table storage unit 166 and the
distribution pattern storage unit 167 store data to

15 which reference is made when, for example, the mode
selection recipe Bl specifying the flexible-batch mode
is selected. The batch size table storage unit 166
stores a batch size table showing batch sizes, and the
ranges of the numbers of objective wafers included in

20 the batch sizes, respectively. The batch size is
determined from the batch size table on the basis of the
number of objective wafers to be processed. As mentioned
in connection with the explanation of the temperature
correction specified in the process recipe AaAn, a

25 plurality of batch sizes specifying multiples of twenty-
five are set for the reference distribution patterns L25
to L150, and the reference distribution patterns L25 to
L150 corresponding to those batches are stored in the
distribution pattern storage unit 167.

30 Fig. 10 shows the reference distribution patterns
L25 to L150 stored in the distribution pattern ‘storage
unit 167. Fig. 10 shows objective wafers loaded in the
upper-part loading manner for the distribution patterns
excluding the distribution pattern L150 in which the

35 wafer boat 127 is fully loaded. In Fig. 10, shaded areas
indicate holding blocks of holding parts holding



claifh 5 further conprising a batch size determning step of determning a
batch size on the basis of the nunber of workpieces to be processed by
maki ng reference to batch size table including a plurality of batch sizes,
and wherein the distribution pattern sel Egting step selects the work
distribution pattern corresponding to a batch size determi ned by the batch
size determ ning step and workpi ece distribution patterns stored in the

di stri buti on qigtedadrivest wrfgesunPW. 1Each t lodr mbhe prhadetisigigbappheathiss

conpri si ng: rkpigce hol der. havi ol di ng_spac i |.ch rkpi eces
are held; a %‘é"aec t?l}gr{:el \C/Veessvg?xqf% e%%nﬁg}afﬂa F%&‘:%&r %%lregé"%nc?e\r@‘f?fgiﬂé'f n, a
heati ng meansfisw robjdebive herafexst iPW. vebaminy aafead My neass Hedid | nadi ng
wor kpi eces i rsht i%{]ﬂe wor kgi ece, hol der; acrild a.controll Er t hat, determ pes a
wor kpi ece di AHBRY oRPRGEFerH! i FORhi 2 1Bt e8CGFEORS b dPst¥3 i ed in

t he wor kpbecéhdialidry zond hto bsepprabst BRendif€erehceonkpitdeeefifadie of

processed, and fgégntroé!s t he Ioadlhn means_and the heating neans on the
5%

basis of the woFREFERE REIFTHt PETVESR YAl Verh ¥afREENEW pPEdEsstithg
appar at us ?C@{diilggrt@ olfai thel Owaber ﬁ&ﬁdﬁ.ﬁg Cz?iﬁép'é@d %8&65 H@}clpl‘&ﬁi ﬁe
ranges i ncl udi.ng bat si ze ranges.in ch reference nunbers snaller than
a hol di ng ca&dﬁgt?}lgétfﬁhé’avﬁﬁ kﬁ?ei@‘%o‘f’ ?raﬁ‘@lﬁ&i‘ﬁmﬁ&‘?eand'r%@r KGHTRIENE

di stribution wep#ds NBRC bR divagelre el Dad CB1igleZ CAURRNSS , o2NdekHifa
controller. selects a V\orkpieq%g)di strihution pattern corresponding to a
batch si 28 r ier1 udibfy URPStuRfert i"edars P r deha swppen 2.
The thermal Pt esstEPoRPPEr BhUThRC GANGeN B 0L CEET I, LAndhahaith Ford 3kl

| east one vacant hol di ngﬁgg ce is left between the adjacent workpi eces held

in the wor kpi E¥ehorRS 1PRe Aor kPi et ZPR9S sPFi but &8 i M a Wi ece
di stribution maiiesn GRIFeRsPoBdiNgLd 0id bat HoRdzgy ' pAGE | Be¥hbeh thife

ref erence nunber snaller. than hal f the hol ding capacity of the workpiece
hol der is a J3RFR 11'3‘?1‘5!?1%99&3?%' processi ng apparatus according to

claim1llyswherein Although the holding blocks are represented by the

shaded areas in Fig. 10 for convenience, objective

wafers PW are not held necessarily in all the workpiece

holding spaces of each holding block. Each holding block

has twenty-five holding parts. Therefore, when objective

20 wafers PW are not placed in all the workpiece holding

spaces of each holding block and vacant workpiece

holding spaces are left in the holding block, dummy

wafers are placed in the vacant workpiece holding spaces.

Dummy wafer distribution rules of distribution of dummy

25 wafers DW together with objective wafers PW in each

holding block are stored, for example, together with the

wafer distribution patterns. A dummy wafer distribution

rule specifies, for example, placing objective wafers PW

from the top holding space in the holding block downward,

30 and placing dummy wafers DW in lower vacant holding
spaces.

The relation between the wafer distribution
patterns and the process recipes (processing conditions)
will be explained. The process recipe includes the

35 reference processing temperatures T1l, T2 and T3 which

set individually for the heating zones to be heated by



the controller conprises: a distribution pattern storage unit storing batch
si ze ranges including the nunbers of workpieces to be processed, and
wor kpi ece distribution patterns corresponding to the batch size ranges;
processing condition storage unit storing,processing conditions
corresponding to the workpiece distribution patterns; a central processing
unit that selectively reads a workpiece distribution pattern correspondi ng
to the numberthef hmaﬁgneck@Sévo&OSbeaﬂdﬂIO&mﬂ¢DnthatheemiQQOMﬁxtlEbB and
reads a proceSS| condl on og hﬁgba5|s f th sel ect ed wor kpi ece

foc

‘distribution apsatst fJf% t%e ehng ¢ ﬁaf“? oRTOCESSyd uRIELFNehdi ng
means cont rolirunithd haflexibletisatdle | madang mhans x@é fiweDr kfiamel and

dumy morkplec re di but d i the kpl in the sel ected
wor kpi ece di St pd‘ﬁﬁ onoé 'lflé? %ﬁgeﬁs he ﬁ@ang é&nt e ufdiusiad
control s she aeaisdiqgreats sahéhaalghelwtkanecas Al JIAGARRS €y W s ,

t her mal proc%i}s under thel?% ]c}gf)s % @?ltlons read by the central
processing u Prepmet S gtemparatuseacosracrdons disi m 13
wherein the capialol ter that! hef eREPWaFRY adfsrFbueidpi paetavast it ypsetting
unit that cal cul ates th ference between the reference nunber of the

sel ect ed wor 3RSy, SngSE 1¥R pafens dhgtrabukgdpdm oth eherefnrenees,

andksets t he dilgrEbUi HINBY L YEEKPIIREESshowRe insefi N gom at haagwihh the
wor kpi ec
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30 in the second embodiment will be described with
reference to a flow chart shown in Fig. 1l1. A process
recipe specifying processing conditions for a thermal
process to which objective wafers are to be subjected is
selected in step 8S1. Then, a distribution recipe 1is

35 selected in step 82. The distribution recipes are
classified roughly into those for a full-batch
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U& ()-910% is selected, the program goes to step S3. If the
flexible-batch mode is selected, the program goes to
5 step s4.
When the full-batch distribution mode is selected,
the wafer carrying mechanism 103 loads objective wafers
and dummy wafers in that order into the wafer boat 127
by the loading procedure specified in the full-batch
10 distribution mode selected in step S1, such as the full-
batch distribution mode B2 shown in Fig. 8, to load the
wafer boat 127 in a fully loaded state. Then, the
objective wafers and the dummy wafers loaded into the
wafer boat 127 are subjected to the thermal process.
15 Although the full-batch distribution mode is used, for
example, for a maintenance process, the same may be used
for the actual thermal process.
When the process recipe selected in step 81
specifies the flexible-batch distribution mode, a batch
20 size corresponding to the number of objective wafers is
selected in step S4. The operation in step S4 makes
reference to the batch size table to find a batch size
including the number of the objective wafers counted by
the counter 163 for one of the reference distribution
25 patterns 125 to L150. Suppose that the counted number of
the objective wafers is forty. Then, the reference
distribution pattern L50 is selected because the number
of the objective wafers is included in a batch size for
numbers between twenty-six and fifty. |
30 The following explanation will be made on the
assumption that the counted number of the objective
wafers is forty, and the batch size is for numbers
between twenty-six and fifty. A wafer distribution
pattern specified by the reference distribution pattern
35 L50 is selected in step S5, and the number of necessary
dummy wafers 1is calculated in step S6. The number of
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5 the number of necessary dummy wafers is 50 - 40 = 10. 1In
step 87, the wafer carrying mechanism 103 operates
according to a control signal provided by the transfer
controller 131 to distribute the forty objective wafers
PW and ten dummy wafers DW in the reference distribution
10 pattern L50 (Fig. 10) in the holding parts in the
holding blocks of the wafer boat 127.

Reference is made to the dummy wafer distribution
rule stored together with the reference distribution
pattern L50 in distributing the dummy wafers DW together

15 with the objective wafers PW in each holding block.
After distributing the objective wafers PW and the dummy
wafers DW according to the dummy wafer distribution rule,
monitor wafers MW are placed in the holding parts for
monitor wafers MW. As shown in Fig. 10, the reference

20 distribution pattern L50 includes three monitor wafers
MW, four upper dummy wafers DW (upper side wafers) and
eleven lower dummy wafers DW, i.e., two upper extra
dummy wafers and nine lower side dummy wafers. After
thus loading the wafer boat 127 with the sixty-eight

25 wafers, the boat elevator 126 elevates the wafer boat
127 into the reaction tube 141.

In step S8, the interior of the reaction tube 141
is heated at predetermined temperatures specified in the
previously selected process recipe. The set temperatures

30 specified in the process recipe are corrected according
to the batch size and the distribution of the objective
wafers PW determined on the basis of the batch size, and
the interior of the reaction tube 141 is heated at
corrected temperatures. Suppose that the heating zones

35 corresponding to the heating units 105a, 105b and 105¢
of the heater 105 are to be heated at desired



U& ()-s 10## 10##
1O## " 10%H& ()-5! "109%& ()-5 "109%U& ()-5!"10%z& () - 5445R6789zX6"P1!

O%US () -5! L
U& ()-99:1};;

"109JU& ()-5'L"10% U U& ()-5!~L"10%JU& ()-5!yjL" 10%JU& () -
;555 z1 "P110%& () - 10UU 10WU 54

10UU! xL" 1094JU& () - 5! L" 1094JU& () - 5! dL" 109600& ()-5 L"10% & () - 5;

Ge<=>| 2@W3"
"109%&' () - 5! ~

P1ls "109%& ()-5's "109%& ()-5's "109%& ()-5's "109%& ()-5!'Ss
stenessa tyr &arBB) CIZKEhAOTS|, N Bhdl MR (Jesilfed fdfdeAdtires

}L"1
510%

"10941& () - 5! % . & " 10% 51
"10%& ( ()oc&& L"'E%%E?’E? 2y L"%%E%%i“f"}%?q‘-L"“i%t)/&"ﬂ“?‘?‘-’%’?‘i"ai" 10%
(& ()- 5I L" 10%:(3455&1,/&&0%1& () - ELEFU\uhdJyJAﬂ.BJJ}M Sthe% &réferdfd& () -

e (U ]

) - Z MCNIN( OﬂSCD:MLEﬁPb.nIdRsldﬂa’o heat the corresponding heat:.ng zones at

10pp 10pp 10p
[s"10%& () -

;& ()-s$! xs"
"10%H#8& ()-S

10

15

20

25

30

35

IS ROPEEOESIoR TIOATY) - | T2EODR (Ancl0vER(ATS,

respectively. After the heating zones corresponding to
the heating wunits 105a, 105b and 105¢ have been
stabilized at the processing temperatures T1+AT1l, T2+AT2
and T3+AT3, respectively, the predetermined process
gases are supplied at predetermined flow rates into the
reaction vessel, and the gases are discharged from the
reaction vessel to adjust the pressure in the reaction
vessel to a predetermined processing pressure. The
objective wafers thus heated are processed by a film
deposition process, i.e., a thermal process.

As mentioned above, when the thermal processing
apparatus in the second embodiment carries out a thermal
process in the flexible-batch mode, the objective wafers
are processed under processing conditions determined for
the batch size of the objective wafers. Therefore, the
frequency of using dummy wafers and time necessary for
loading the wafer boat 127 with wafers can be reduced.
The series of automatic operations for the selection of
the reference distribution pattern according to the
batch size of objective wafers PW, the calculation of
the number of dummy wafers DW needed to fill up the
vacant holding spaces in the wafer boat 127, the loading
of the objective wafers PW and the dummy wafers DW into
the wafer boat 127 by the wafer carrying mechanism 103
can reduce load on operators and increases throughput.

Since optimum process recipes are prepared for the
reference distribution patterns to process objective
wafers PW distributed in the wafer boat 127 uniformly
regardless of distribution patterns, the objective

wafers PW can be processed uniformly and products of a

s$! xs
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wafers PW or with both objective wafers PW and dummy
wafers DW without leaving any vacant holding parts in
the wafer boat 127 regardless of the number of objective

10 wafers PW to be processed, or the flexible-batch mode,
which loads the wafer boat 127 in a workpiece
distribution pattern corresponding to the batch size of
objective wafers PW, is selected before starting a batch
thermal process. For example, the full-batch mode which

15 is often used for a maintenance operation or the like,
can omit some steps needed by the flexible-batch mode
and can start a thermal process quickly.

Although only the correction of the desired
temperatures has been described in connection with the

20 process recipe and the reference distribution pattern
(or batch size), the pressure in the reaction vessel and
the flow rates of the process gases, or heating rate may
be changed according to, for example, the reference
distribution pattern or batch size.

25 The ability to select an optional reference
distribution pattern is a significant feature of the
thermal processing apparatus in the second embodiment.
The positions of the dummy wafers are not limited only
to those over and under the ocbjective wafer distributing

30 range. The dummy wafers may be placed also in the
holding spaces in the objective wafer distributing range.
The monitor wafers may be omitted. The present invention
is applicable not only to the thermal processing
apparatus for a film deposition process but also thermal

35 processing apparatuses for oxidation processes and

impurity diffusion processes, such as
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workpiece holder loaded with the workpieces into the
reaction vessel, said thermal processing method
comprising:
a distribution pattern determining step of
determining a workpiece distribution pattern in which
the workpieces are distributed in the workpiece holder
on the basis of the number of the workpieces to be
processed; and
a loading step of loading the workpieces into the
workpiece holder in the thus determined workpiece
distribution pattern by the loading means.
2, The thermal processing method according to
c¢laim 1 wherein
a batch size range including the number of
workpieces to be processed is specified on the basis of
one or a plurality of batch size ranges in which
reference numbers smaller than a holding capacity of the
workpiece holder are maximums, and the workpiece
distribution pattern is determined on the basis of the
specified batch size range.
3. The thermal processing method according to
claim 2 wherein
at least one vacant workpiece holding space is left
between the adjacent workpieces held in the workpiece
holder when the workpieces are distributed in a
workpiece distribution pattern corresponding to a batch
size range in which the reference number smaller than a
half the holding capacity of the workpiece holder is a
maximum,
4. The thermal processing method according to
claim 2 wherein



10" "<

10""1s &'10%"& ()-5!}&"10%"& ()-5!s &' 10% " & ()-5! H&' 109" 2" & () - 5BCat { Y7
MBd! !} s" 109 ()-5!s"10% ()-5'ys"10% ()-5 s"10%a& ()-5!' ps"10% () - 5s
109&' ()- wi [Mbd!!}s"10% 1011 1011 41

101 11ts"10% 1 & ()-5!s"10941& ()-5!x s"10%- & ()-5!} s"109%& ()-5(zX6Msd! ! 9" 1
09%&' ()-5!9"10%J& ()-5!y9" 10%@8& ()-5!t9"10% : & ()-5!f9"10% - & () - 5&

109& () - (ABCXVH; 5dIWOﬂQg1§pdéthbﬂle&(gg&(()wo&‘bp1§bH¥’/¢)a&e( )héil&" 18%8the

& 5)1Ix° 9"10 5'9" b?ToM+5! " S"lO%&f()
) 59 10())/&. () - gy }10%%1&5.. \gbég()a 5”011183}@?‘33 d)n(.s%rlgu“gt‘lgn tern
10ggT' j } oP5! X 169/&t6:).bﬁ'th.nb0%1(léplé(ﬂeslOsmaller in number than the
10!} s"109%&' ().- 5t|' s" 10%&' I s" 1Q9& 5WU3P5| I xL" W%c‘% 4's  L"10%J& ()
- 41 L" 109%<& (YA %‘ baF-pry §<eA °‘”10 pEEes1FRRIe
"10%& () -4 1i¥&sélectBgy HIgY the number of the dummy workpieces is

" " " 0YR I
O o A A S S amang
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5. The thermal processing method according to
claim 1 wherein

the workpiece distribution pattern in which the
workpieces are distributed in the workpiece holder is
selected from a plurality of workpiece distribution
patterns stored in a distribution pattern storage unit
on the basis of the number of the workpieces to be
processed.

6. The thermal processing method according to

.claim 5 wherein

the distribution pattern storage wunit stores
workpiece distribution patterns, each specifying regions
in which workpieces are to be distributed, and vacant
regions in which any workpieces are not distributed.

7. The thermal processing method according to
claim 6 further comprising a dummy workpiece quantity
calculating step of comparing the number of workpieces
specified by the selected workpiece distribution pattern
and the number of workpieces to be processed, and
calculating the number of dummy workpieces to be placed
in vacant workpiece holding spaces on the basis of the
result of comparison,

8. The thermal processing method according to
claim 7 wherein

the loading step 1loads the workpieces to be
processed and the calculated number of dummy workpieces
into the workpiece holder in the selected distribution
pattern.

9. The thermal processing method according to
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and
wherein the distribution pattern selecting step
selects the work distribution pattern corresponding to a
batch size determined by the batch size determining step
and workpiece distribution patterns stored in the
distribution pattern storage unit.
10. A thermal processing apparatus comprising:
a workpiece holder having holding spaces in which
workpieces are held;
a reaction vessel for containing the workpiece
holder therein;
a heating means surrounding the reaction vessel;
a loading means for loading workpieces into the
workpiece holder; and
a controller that determines a workpiece
distribution pattern in which workpieces are to be
distributed in the workpiece holder on the basis of the
number of workpieces to be processed, and controls the
loading means and the heating means on the basis of the
workpiece distribution pattern.
11. The thermal processing apparatus according to
claim 10, wherein
the controller stores batch size ranges including
batch size ranges in which reference numbers smaller
than a holding capacity of the workpiece holder are
maximums, and workpiece distribution patterns
corresponding to the batch size ranges, and
the controller selects a workpiece distribution
pattern corresponding to a batch size range including
the number of workpieces to be processed.
12. The thermal processing apparatus according to

claim 11 wherein
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at least one vacant holding space is left between
the adjacent workpieces held in the workpiece holder
when the workpieces are distributed in a workpiece
distribution pattern corresponding to a batch size range
in which the reference number smaller than a half the
holding capacity of the workpiece holder is a maximum.

13. The thermal processing apparatus according to
claim 11, wherein

the controller comprises: a distribution pattern
storage unit storing batch size ranges including the
numbers of workpieces to be processed, and workpiece
distribution patterns corresponding to the batch size
ranges; processing condition storage unit storing
processing conditions corresponding to the workpiece
distribution patterns; a central processing unit that
selectively reads a workpiece distribution pattern
corresponding to the number of workpieces from the
distribution pattern storage unit, and reads a
processing condition on the basis of the selected
workpiece distribution pattern from the processing
condition storage unit; a loading means control unit
that controls the loading means so that workpieces and
dummy workpieces are distributed in the workpiece holder
in the selected workpiece distribution pattern; and a
heating means control unit that controls the heating
means so that the workpieces are processed by a thermal
process under the processing conditions read by the
central processing unit.

14. The thermal processing apparatus according to
claim 13 wherein

the controller further comprises a dummy workpiece
quantity setting unit that calculates the difference
between the reference number of the selected workpiece
distribution pattern and the number of the workpieces,
and sets the number of dummy workpieces to be used in

combination with the workpieces.
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reaction vessel are heated at processing temperatures
determined respectively for the heating zones.

16. The thermal processing apparatus according to
claim 10, wherein

the controller includes a distribution pattern
storage unit storing workpiece distribution patterns in
which workpieces are to be distributed in the workpiece
holder; a distribution pattern selecting unit for
selecting the workpiece distribution pattern
corresponding to the number of workpieces to be
processed from those stored in the distribution pattern
storage unit; and a loading operation control unit for
controlling the loading means to load workpieces into
the workpiece holder in accordance with the selected
workpiece distribution pattern.

17. The thermal processing apparatus according to
claim 16, wherein

the distribution pattern storage unit stores
workpiece distribution patterns, each specifying
workpiece holding spaces in which workpieces are to be
held, and vacant workpiece holding spaces in which any
workpieces are not held.

18. The thermal processing apparatus according to
claim 17, wherein

the controller further includes a dummy workpiece
quantity calculating means that compares the number of
workpieces to be processed and the number of workpieces
specified by a selected workpiece distribution pattern,
and calculates the number of dummy workpieces to be
placed in the vacant workpiece holding spaces in a

workpiece holding region on the basis of the result of
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determines a batch s1ze including the number of
workpieces to be processed in a batch by making
reference to the batch size table storage unit, and
selects the workpiece distribution pattern corresponding
to the determined batch size and workpiece distribution
patterns stored in the distribution pattern storage unit.

20. The thermal processing apparatus according to
claim 19, wherein

the controller further includes a process recipe
storage unit storing processing conditions including
values of parameters of thermal processes and processing
procedures, and a processing condition selecting means
for selecting processing conditions from the process
recipe storage unit;

wherein the value of at least one of the parameters
of each of the thermal processes is determined on the
basis of a batch size.

21. The thermal processing apparatus according to
claim 20, wherein

the process recipe storage unit stores at least
temperatures in the reaction vessel and gas flow rates
as the parameters.

22. The thermal processing apparatus according to
claim 16, wherein

the controller further includes a distribution
pattern recipe selecting 'means that stores full-batch
"distribution pattern recipes specifying fully 1loading

the workpiece holder for a thermal process, and a
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flexible-batch distribution pattern recipe specifying
loading the workpiece holder in a workpiece distribution
pattern corresponding to the number of workpieces of a
batch, and selects either the full-batch distribution
pattern recipe or the flexible-batch distribution
pattern recipe; and

the controller selects the workpiece distribution
pattern by the distribution pattern selecting means when
the distribution pattern recipe selecting means selects

the flexible-batch distribution pattern recipe.



