2 ? MAR 2805 1 DESCRI PTI ON THERMAL PROCESSI NG METHOD AND THERMAL PROCESSI NG
APPARATUS 5 TECHNI CAL FI ELD The present invention relates to afiﬁéﬁﬂﬁlamg
processi ng nethod and a thermal processing apparatus. More specifically,
the present invention relates to a 10 batch thermal processing nethod of
hot - processing a plurality of workpieceS in a batch, and a batch thermnal
processi ng apparatus for carrying out the sanme. BACKGROUND ART. 15 A
sem conduct or devi ce manufacturi ng PESCBIPTISES various thermal processing
systens for processing workpieces, such as sem conductor wafers, by
thermal processes including an oxidation process, a diffusion process and
a filmfornmation THERMAS . PHBCE SSEND | ME THOLR QAIKD OTWE BNA IC 'PROGTUESSANG t her mal
processi ng apparatus is capable of Ing a plurality of workpieces
si mul t aneously by a thernmal process.gé%égziﬂgwn vertical thermal processing
apparatuss processes a plurality of sem conductor wafers by a 25 desired.

thermal process by placing a wafer _boat, i.e.._a workpiece holder, holding

t he sem conductor wafers in a ho&EQEHEQﬁépﬁggéﬂon at predeterm ned

vertical interval sThenarpteserpt t ChaFenition I aacld@ds vegsel .2 eVapdahhng the

reaction vessel to greate t nosphere of a negative 30 pressure in the
Bedact

reaction ves¥&ECCESFINGY i T nPnebleFPdt e REQRRESI Nt BPPRE2EBECL i ON
vessel, and Meald ngpéBefidRlkp) eade aprasehLUelRidHIRM PLALSESENGo a

t enperat yre heati ng_nmeans. A wafer boat, such as having a_hol ding
capaci tyﬂé}f %%C%oo%%&rf ., REscepsingy amgitbod) 2ofwobRE-BEECREBdNEg 2
spaces. The pafieallegt dfs webipidc@sietn Wat baZch , MMRAP W atch 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 1loaded with




2 sem conductor wafers by placing wafers to be subjected to a dgsired
thermal process (hereinafter, referred to as "objective wafers” i AR 1200

t he wor kpi ece holding spaces in an objective wafer holding region, and
placing 5 a plurality of side wafers forgstabili zi ng 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 b&amicepdubtblry wafmksl bivt plawingh)eaféve waf dve anbjebeed0 side
wafers is plaged, i e % he objectjve.wafers to
t he thernal %?ogaesgeg?/gr?o}g%&[gl e%)fsgé%%ngcz(n%{f%tg%? e\% ce]'Lse Ve Wg

needed in redént “obaectivad wafexshducimor aldf ertheof wemkpieed tholbélng

subjectedto S§ ot S mall _lots to acture
sem conduct of \é\% cgg g’?‘ r%;:\/%tgg%t s"gazféép er% e" “hRT Rt %‘r}E 3?en%ften
not fully | aa(teldlrahtapnefcaeds veaﬂaafsarfbnats’daamnmmg hictheli Aeempaci ty

of 100 objec fers t for.exa fty or tvvent flve
obj ecti ve vvaHer\rég g@ i E%e %gﬁalov% gz%sgorfcﬁ’lgggh%é’léﬁ?@y %P%‘Eﬁﬁ)e?‘

dummy semi cosddet o»rafevmfleosdrmgr eegdzbdlsngcets:pédtavunvbeéxﬂéndheg V\ablsﬁeece
hol di ng spac t |edb the obe tive fers are pl I n_t he
unoccupi ed w%‘?l pl%eeg'é:’ gﬁ‘c? i Ny g st g @Qfﬂ% WefEPhoa heaHﬂfFﬁe

obj ective wabert tHhus Mldy dmatchze:l waiftel'r tioat olof €c BNk ewhEdrs OaAdt Brenal
process , nder the ne. pro sin con tions as those roce33|ng

obj ectlveéjwafs Fs SR a?f Cg e dE2 o1 U n‘ée%ﬁc g SBPURGHI | v,
durmmy semi Comﬂlecbbrjem:h.meswblfé&salte mhaceder'malt peodaeecupi ed wor kpi ece
hol di ng spaces in Obj ective fer holding regiqn are, for

'silicon wafers thg?‘ré"f’ heYRSFeOf n SRR %st‘i"ﬂe888f'8§{5| J@V%gggg The
dummy waf er s naweled eamee}eeéﬁlty mnﬁsr,al an8 weaﬁmidﬂ@t@)tclﬁfeﬂ@doﬁténthrom

?\llj\ﬁ%i ﬁ;t er b%'e% u%gd ber € e gteaglzéd -I-thclaJ Sd:l.tvrt]a%s%umg%e f ' pr!oncgsesaesse }Lge

15 small 1lots to manufacture semiconductor devices of
diverse types. Therefore, wafer boats are often not
fully loaded. 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
pPlaced 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 proé.ess
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 vunoccupied 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



2 1 MAR 2005 3 cost and hence it is difficult to process objectivel e exng §
efficiently by a thermal process. DI SCLOSURE OF THE I NVENTION 5 The presen
invention has been nade in view of the foregoing circunstances and it is
therefore an object of the present invegtion to provide a thermal
processing apparatus and a thermal processing nethod capable of reducing
t he nunber of dummy workpi eces that are used 10 when a nunber of objective
wor kpi eces | @ost handt heengpr Kdi ede hdififhguthpas t profces snopkpeetéviol der
are held on I n a thermal process, and
of stably prg%%%%%ﬁg%?hgﬁgﬁﬁﬁ%d%§é% %h%%blecgggﬁfga ‘desired thermal process
In satisfactory 15 inter-workpiece uniformty and satisfactory in-surface

uniformty. According to th I [ IO mal processing

met hod of processing morkp|%I% Stk 1 N n a reaction vessel
by pl aci ng t he wor Khieepees2ht dnmmﬂqﬁcﬂuhduﬂhﬁdn)ma&@esnlﬂlewmofkphece
hol der by a - ans, d_carrying .the. wo | ece holder lLoaded_ with
t he wor k%l eceéz&l%gtorl ec:ereé“({,rfSQ:@r?ci?égssaé}‘:g(f'b‘ﬁer? s@%‘g eLO%F <P BRIFSH Bhttern
det er mi ni ng s:lhep pfesletatar nimierg-idn Weok [pBedi Shr i thedml p@h:bel’eash.ﬁg\/\hl ch
t he workpi ec e distributed in.the mork l,ece hol de ba5|s of
t he nunbgr %% a\%“rskpﬁ des?t & %ﬁé""ﬁrlocg’é‘ggﬁs 4hd af“eil"l’c‘)%éil fﬁtglﬁ

| oadi ng t he \mdqmle(gesth@t ointer WOf kmm hodfiesi éded hehbiusa gt Q%@:ined
morkpiec§ §ﬁ;|but|o atte %é.t Ioadlng nmeans. 30 The .t her

processi hg mét¥od &cc® t FeIeGEdYEnt "PREBAEFSR i Le%har rl?@d in
t hat a batch mmle{mgho&dﬁhgdid&@id&t&y\ur&eraofw&ﬂepﬂ@éé(pilﬂﬂﬁﬁeﬂ Sare
specified on.t ba5| of _on [

raI|t f atc I ze ran e5|n whi ch
‘reference nurl?t? %rw?ﬁgﬁlﬁc?ﬁ A8t ng psd'g?l%):qiﬁ‘ft% %It frBEd
hol der are rr@mm, aaflda ws)fkplsesae)lejn st prbobkeingat teHd | sbgekerriened
for

workpieces by a desired thermal process in satisfactory

15 inter-workpiece 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 Tholding capacity of the workpiece holder are maximums,

and a workpiece distribution pattern is determined for



2 1 MAR 2005 A the specified batch size range. The thernal proceﬁﬁng
nmet hod according to the present invention is characterized in tha E 2004
I east one vacant workpi ece hol ding space is secured between the 5 adjacent
wor kpi eces 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 holding
capacity of the #bekpféed beoltgbr sigearmmgenum 10 The therma processing

met hod according t he nt._J ion is characterized in, tha

wor kpi eces  and du%%% mBPE%ﬁ%geépggég%%T iﬁm?éh?\mmﬁﬁﬁ9§ N1 &&r Eﬂﬁen a
wor kpi ece di preseoti dnvgatttiem isrcbasactbuitad inwortipitecels aasteonén
nunber than fer : r..15 . of workpieces for the batch si range
i s sel ected, R’E%ah%t %@%&Eﬁ%ggg‘gg Qtlhﬁen&nﬁ'?aﬁgr Rl egggu;ggeﬁﬁ?@wqqy t ﬁge

di ff erence® betijeeentheworkpieces halber iandid ewbuibeeceofnd kemotkgheces.
According to ep t. invention, a thernal 0 pr.ocessi ng apparat us
conpri ses: atkgrkp%ggggﬁgFﬁgr ﬁﬁﬁingdﬁgﬁﬁgﬁﬁt aces™ n ﬁhicW°%gPRﬁF@ces
are held; a dieactibotivesseltteah cvdmidpoigiildte v®r&pbatenhghder rahlerein
a heating neans syrroundi ng t reaction _vessel; | oadi ng neans for
SPecHRLER Of %le%ﬁﬁq% e(?é‘mﬁﬁfrde?’,né%lﬂﬂr a St r daldr Ehst

| oadi ng wor kpi'eces Into %ie
det er mi nes aholdikpi espadiithyr iofutthen weakitkekel hoMiesh iWOBKRA&ERSmMAre to be

distributed in the workpjece holder on the basis _of the nunber of
wor kpi eces to be nggesg%ﬂ?mﬁ d PEOREFSIRgt Mt mreREsHIandot hEhfeat i ng

nmeans on thepra@ebasi snoénthenwirkpicheeaditarizidt | DR patder rorkpibbas
‘ther nal procesa t he present invention, _the

ng.appar at us .accordin 0
control l er sf8fes %hwﬁr%?lercﬁg&rgna’\ﬁ]rpch“? ef-BFe iRt kRiRES s hodderer
than a hol di mencapasiorkpikdehed It IIIEELoMObl@tedhe FEXI BiREriB1di 35
wor kpi ece di%%&&%&@gg;Fgﬁgf{QE ggrﬁﬁﬁﬂgggigﬂaﬁotﬁﬂf reference number
15 of workpieces for the batch size range is selected, and
the number of the dummy workpieces is equal to the
. difference between the reference number and the number
of the workpieces.

According to the present invention, a thermal

20 processing apparatus comprises: 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

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 basis 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 to the

batch size ranges, and the controller selects a



batch size ranges, and the controller selects a 2 1 MAR 2805 5 rf‘k%q,cg] -
pattern corresponding to a batch size range including ﬁﬁ‘e&wﬂ
nunmber of workpieces to be processed. The thernal processing apparatus

the 5 present invention isgharacterized in that at |east one

di stribution

according to

vacant hol di ng space is secured between the adjacent workpieces held

t he workpi ece hol der when the

in

] I e workpieces are distributed in a workpiece
di stributi on ¥gikRigge cdisbspbutiiony petiehat clomiesparatige | to Wai da tdhe

reference nurdigle sqglnl%%; %ﬂgmugﬁh% thes hal ding. C%I%ac‘i”‘g’\é]é%%%‘d‘%%g tlt/\olcc))r ﬁg?i ece

hol der is a nmaxi mum

ermal processi ng apparat us

present invemuastesHRt.acterized in that the controller conprises: a

paLL ke AR5 Y oSLOL R LRIl 2, aRED Lol v

di stribution

t he nunbers of workpieces to b

process

e

patterns Scomkessntli gventite bat chashrteramges imreeessabgleaetdicineon

storage unit

Pgls) r SS] condi tions f t he workpi ece distribution
patterns; a (?é%l%da 9838?0%§es§$%86un3ﬁ tsﬁzﬁlr?gllr eE’FFV@?? h&’ﬁjs 24IRGERS ece
di stri buti on Westkrerevesor rieshdnding tthet havonkpicicodf habakpi ewBenf r @Rt he

di stribution
basis of the

FEPHSF? ontishe 1pgtion

se

WBF Rpi B S b ut Ro® pY

processi ng c@ddittdron sioregmondiitg o | Kabhbghmeans reAger oh whkknht il

control s,khe

azt]ﬁtpr SfoLa e_dmit nd, reads a ‘grocessi n%,conditiqn on the
ecte

Jqading nmeans so that. workpiege nd du wor kpi eces are
distributed in the orkplece Ror W%ﬁe 1%%0?&%‘%@ c ution

pattern; andcdf Hiet ivagkysianrse daslidend ignid mabaitmeontrol s 30 the heating
eces @rg grocessed by a.thernmal process under the

that th k
Mol AL . . RECEERIREI FPFECATdS PRI et P&l

pi
‘processi ng conditions F%%’Efn?)

processi ng appaEssEnts anovendiog tahame:teiesent ihNweRid othé haoadr@niized in
that the Contéogdﬂr%.rses: a distribution pattern storage unit storing

15

20

25

30

35

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 for
the workpiece distribution patterns; a central
pProcessing 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 wunit; 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.

The thermal processing apparatus according to the
present invention characterized in that the controller
further comprises a dummy workpiece quantity setting

unit that calculates the difference between the



35 further conprises a dunmy workpi ece quantity setting unit that Vs .
cal cul ates the difference between the 2 1 MAR 2005 6 reference nd%ﬁbﬁﬁgfﬂMU
t he sel ected workpi ece distribution pattern and the nunber of the

wor kpi eces, and sets the nunber of dummy workpieces to be used in
conbination wth the workpieces. 5 The thermal processing apparatus
according to the present invention is characterized in that the heating
means controFefiarence cupdisize of &tbet mellldated heotlgpitecw dirransbabiséhat a

plurality of heaLi-RO [ n r rocessing atnosphere in e
reaction vesggl e%r e hag’;ﬁtqg?%onglt&%rgoc%?ss?@% F%ﬁ%%%%?ﬁ?es ag‘gt é"f‘?ﬁ%eéﬂe
respecti vel yntpbert hef heummyg worksiedesoridi nhet cuddre phesedtbimyENdh ON,

when wor kpi e mal | E er than the hol ding capacity of the
wor kpi ece hoﬁggP gg% %ggggggggggcted to a thermal 15 process, processing

conditi ofs are setTher therkpilegerocksdinid usbparybischrsosdihgsReNding t o

t he nunbers Kpi . Therefaore, d , Wor kpi eces necessary to
realize a se?%%?éﬁEmgfﬁﬁgggéiﬁi%frﬁgﬁﬁ%§£%EQQ%ﬁrﬁhe§§EFl%ﬁﬁ?eh?%Eﬂ%ﬂ

t oget her wi tineghe wonkpbécesiknﬁ&IdapéﬂleMuﬁqﬁ&ﬁ%kémdik%-tﬂéuﬁeatbﬁgnU”bef
of necessarym%gﬁgysoMQ%ﬁH§eces can bg re uged,_mhereby the runnjng cost can
be reduced an e SRor it e SPLARRHEERT PF CPEREADI FoDGSssdl dythagmal

pr edet er m nepgrohesmihgpadmesphelier coyvethe fhAceibhe vaRGA 66RS KaRtLE

~distributed exactly, 25 conformng to the selected distribution pattern,
each of thegéoﬂ%%%%%%§“¥5ﬁ%ﬁgp %3%@§?§aﬂ%%5?¥@ﬁw?dTﬁmﬁEﬁﬁﬂﬁﬁmﬂghr?@Ee
uniformty, &hd hbhetwnykpbaees di sposed at different positions can be
processed in high Angera.worﬁgigﬁe uniforgitx. 30, Since a workgiece
‘di stribution patteri-rh whPc P kBT TR T bUBRNELB] ectREN t BorkPheees
process are smadlerbuiad numbde VEHdspi et heloddlings sabaeted oBft hgpebasi s

of the nunbe%ogﬂpaggemnﬁgghggeSérgndt roggssgggjected 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 rattern, 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



conditions for the sel ected workpiece distribution 35 pattern areg 1 MAR 2005
determ ned automatically, a pattern of distributing the workpieces in th%’J
wor kpi ece holder, and 2 1 MAR 2005 7 the processing conditions can be very
easily set. Since the sanme workpi ece distribution pattern is selected for

t he. nunbers of workpieces included in the sane batch size range, a nunber
of dunmmy workpi eces 5 equal to the difference between the nmaxi mumin the
‘batch size thegpracesshiegnooneli tdonisheano bepveees case 1ysedt. Thus,
wor kpi eces in diffetent nbers included in the batch size range can be
processed by a des??g’get hntererraﬁmﬁr ol ﬁ%%rgﬂﬁérééﬁﬁlﬁpo@%??@ is

condi tions. selRatedcufar | thbe nupteaessetl workpakbeg tikan ddwe ref ergace
nunber for a g . por kBi g‘%ﬁ distribution pattern corresponding to a batch size
S

range havi ng 4 iraxrum srat fer THEE haff RPHECSRIH ngt chPYkBFeFﬁé

wor kpi ece5 holedmml ttoe theyr kil Bf@ferlde as&twhdai it R i fuh NenWeRKPLseerho! der
uni formy mﬁthz at_| east _one \yacant hol di ng space secured between the
adj acent  wor RpiP&Ec e "IhePBF or'e’® pPBBREE;| rﬁchlh‘éli HoghPiccrd wEegused.

tenperature ThusGoMeErkpiétoss if ALOEESEntIFEDHAEL $HRTHLARLI al thEe same
for all the e i eces. 20 Consequently, each of the workpieces can be

r.k
processed in a&‘%‘i gﬁ%%%-gﬁ?gﬁcgagnih%rﬂ??‘y?sﬁﬂ@ Pie awofept eeds thgrmpdsed at
different popirrbicess oadele theOeofmeeprobalisihg Hohehit¥enkpi ece uniformty.

The theryml processi %rreaho accor di nqg@to the 25 present invention is
charactetized in t hat TRERERpi dden r PBUPEEn Fatiarkpigraeshi th bhe

wor kpi eces apgocisstel bil ednidl 1die vREKDI @6 helrdSanics S&'ﬁ?éfdfm the
basi s of the nunber of rkpieces to be processed froma plurality of
‘wor kpi ece di ¥EFFBIEFEN %gﬁ‘i tignreattara comresprpréng distai batebn

pattern storageeunirhngéhehbhengel aPr egssuhy BRLAd-aceqrdi ng_4e tRE,
present | nve%%ll%rnl.nlggs cCahp%rcai(i:tye I’ol.“:‘z eghé nwéplgxgiégg holder, the workpieces
’

15 are distributed in the workpiece holder uniformly with
at least one vacant holding space secured between the
adjacent workpieces. Therefore, processing conditions
including temperature_ and concentrations of process
gases are substantially the same for all the workpieées.

20 Consequently, each of the workpieces can be processed in
a high in-surface  wuniformity, and the workpieces
disposed at different positions 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.



di stribution pattern storage unit stores workpiece distribution p@tﬁeﬁgg,zmm
each specifying regions in which 35 workpieces are to be distributed, a
vacant regions in which any workpieces are not distributed. 2 1 MAR 2,905

8 The thermal processing nethod accordinﬁ to the present invention further
conpri ses a dunmy workpiece quantity calculating step of conparing the
nunber of workpi eces specified by the selected workpiece 5 distribution
pattern and the nufther thewpakpipoesessime npridoessedcoantimal eyl athag t he

nunber of du r kqj ; l,.aced in vacant workpiece holdin

spaces on th Sgﬁg 0 f%gé?%guﬁﬁ”%?“%6n68?P§6ﬁ9sTH% {ﬁ"wﬁblwﬁFkEéﬁg?ng

met hod accor gilagtisyt heal @l atisegnts tapy ewifi oaompiﬁhﬁgac?eéi EMH(?% EBQL : he

| oadi n ste X iLng rkpiec into the workpi ece er i stributes
morkpigces tgoggpgggggssegggﬁg'ﬁﬁgﬁ C 5€uléﬁ@ﬁ nugﬁi?cE?gdynﬁ?rﬁBFﬁﬁ?eces
in the wdr kpdéséribukden ipatterel eniddih®r kpinbBee difStv\Fdlhqi:ilélﬂ?[sPaié ?B@i hl S
The t her nal ing nmethqd accprding.to t present invention further
conprises a ﬁ%ggﬁggfa?é aat rm‘ﬁ?ﬁﬁujs?gb“%f gsg’teerm“rﬂ"\ﬂ?ra_ b&Ech SPFBYon t he
basis of thewnukbéecebs wookpbecasldcade i 0cRzeed byoripkicea rgbeaenge to a

bat ch si table including,a 20 plurality of batch sizes, wherein the
d?sfriEL??onggﬁg?%ggﬁugéFgPFFﬁa gFeﬁg§eF§§P%ttﬁg fEMRBFra&en -di stri buti on

pattern correspondthg tbherﬂaleqmwmxbéﬁﬁgﬂ1méﬂw&ﬂ?%&ﬁ%ﬂ&ﬂﬁg%bxothEhQZEgh
size detgrm ning step and, distribution patterns store in e_wor kpi

25 di st rﬁ)ut PE‘r‘rgﬁB%t e’rrhveg't%’rc’ofbelﬁni"ta‘_.a YHESTal 1 pr 58adsi the appadibas
accordi ng t ostkp @fegmudﬂﬂgéeﬂbm@ile‘ée%haiﬁféerﬁr@d wb{%k&:ﬂiéfce,t hﬁold?rkpi cce
controller include di stribution pattern storage uni storing wo

di stribution bggfééﬁgefsn mﬂ?ﬁﬁpéﬁcﬁgr kpFRcePar e RELIESGSt r PBGt edtha t he

wor kpi ece hehflenlated siunbus i 6F RRinnff woLkSLdddd YRl ttHOT workpiece

holder in a selected workpiece distribution pattern.

15 The thermal processing method according to the
present invention further comprises a batch size
determining step of determining a batch size on the
basis of the number of workpieces to be processed by
making reference to a batch size table including a

20 plurality of batch sizes, wherein the distribution
rattern selecting step selects the workpiece
distribution pattern corresponding to a determined 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 unit 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



sel ecting the workpiece distribution pattern corresponding to the nunber
of workpieces to be processed fromthose stored in the distribugiqmqﬁR 2005
pattern 35 storage unit; and a | oading operation control unit for )
controlling the | oading nmeans to | oad woikpieces into 2 1 MAR 2005 9 the
wor kpi ece hol der in accordance with the Selected workpiece distribution
pattern. The thermal processing apparatus according to the present

i nvention is thifar werkpieed imoldmt time abcodirsfnickutwbih patHer sedbaitage unit

stores wor kpi@hﬁ\%irekg% iéﬂttirq@m%?gog_‘gg%a each specifying workpi ece hol di ng

spaces in whi | eces are " -and vacant hol di ng spaces in
whi ch any wor kpi ec@heartthemwitalheprocdhsi by e npph ratase sridugrdEpRAr 8 Ushe

according to 0 pr. nt.invention is_characterized in that th
control |l er fﬁ)ﬁljt%%éarn]tl nc g‘?f%?%é‘oaumﬁsv\or'ﬁ ‘_i”é%%{%ffaﬂ?‘!rlty 1%a) dak i n%hﬁ’eans

that conpar eslitsteribriiien ofpabtdym ecetorhgebe yiiacessedrand whbekpigber of
wor kpi eces spgcj.fi.ed, .by a sel ect ed workpiece . distributjon pattern, and 15
cal cul at es t%gﬁlﬂ%@rtlg}’ (ﬁﬁ%}am’kp‘?% sSPB°h Yb?%cgari‘}’ﬁe?ﬁc%'ﬁtld\?ﬁﬁkpi ece
hol di ng spacepacesa inr khiiehe wdulsh dges egiren ¥ bhenkad,s Hidt keceasul t of
conparison. The j.hernmal_ processing.apparatus according to the resent

i nvention i S-Lcelzgt%’cgt é?’lplaf‘%cf it b pRY Wri‘é’r’rﬁ"ﬁsl &S Bethéeléonpri ses a
batch size tabl e stbeagehermdl sppobegs Bnhabphatiatest aldidiaigidiag thhe

rel ation, . between pl ural i of batch sjzes and the nunbers _of workpieces

i ncl uded'¥n ﬁeﬁé’gﬁ \M’fé‘?’&?’#ﬁ’ﬁe di-§t r | BeRFIRteRRFEdr n el edthaly ubie

det er mi nes a deaitndoldiere faethetng n2f vdess naMbREmyl WOFIPI 868S Gianke ty
processed in a b%élc .b maki ngg[eference to the batch size table storage

unit, and s&%8& DA TR STPITRRAFPDNERG PEIRET cBFr ¥OFERARRESt 0 t he
determ ned baictbsi peoaadsefr kbR CEhe dinsinbieRUtd ONyEBkHLEBSs SkPield FiiBdt he

diStribUtiOnkgﬁttgrnsefgc%ggra%%r gfgce 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 contrgller 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



The thermal processing apparatus according to the present invention is
characterized in that the controller further includes a processﬁ%écﬂﬁglﬁmg
storage wunit storing processing conditions including values of 35
paranmeters of thermal processes and procggsing procedures, and a
processing condition selecting neans 2 11 MAR 21105 10 for selecting
processing conditions fromthe process recipe storage unit; wherein the
val ue of at FEe&stsehecsingheppogensings cofdibidtnof ﬂﬁumtlhhenaprpcesesses
i's detern1negeggpghgto§a§gsh§lgf a batch size. The thermal processing
apparatus according t present invention is characterized in that the
process recipe stvhggeinnthesvaive af htadeasénpeeadfir ebei parhmeteeaction

| d 10 Th h |
vessel an 96%($éwﬁréfeﬁﬂﬁ§ £ﬁ§rﬂ$ﬁ?%§é ckses 1%ﬁg%5%%ggp§§éoce3?h§t t he

apparatus according to the preséen 170N 1S
control | € fbﬁshérOfnalbaéshankstribution pattern recipe selecting nmeans

that stores full- attern recipes specifying fu
| oadi ng 15 the wor p|ece%ﬁﬂ%higgééggéa%%rﬁgpaﬁﬁgggs? AT %§g ks “the
f1 exi bl e- bat piredisttr i butérdni qrat i sr eheatiqieerspeel f yh nghaltoaghagpkbeess

wor kpi ece ho G ol distributio ttern corres ondln to t he
. nunber of mn%% 8 cegﬂ: éhpbé%qh g Heieﬁécgfﬁﬁﬁrﬁﬁmﬁ%ﬁ??%ﬁ
dlstrlbutlonréacpabnewasseilpadogabhflbhexambe-batthedpakémhubken pattern
recipe, ghd the cogbroller S Iects t he. wor kpi ece, distribution gattern by

a

the di strl bution paftertre & ecrt’ PETEE RRBATARYS RS HI%ntpather n
reci pe seIeDEEBgnmeansnsehEEbﬁ thEstexhi&icﬁéﬁiﬁédhShmibu&hg& 2gnhpattern

e necessa S REBTIEES AR or kP LR o her s EHIBFARH eoB8 LRBFheach
cycl e of thereképral smhm@s:snd)y pmegAsi Ng BNALKPI eSSt ri Bullh opapakt erns
distribution pattern recipes specifying fully loading
15 the workpiece holder for a thermal proceés, and a
flexible-batech 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-batech 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 1loading 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



30 respectively for different batch sizes. Throughput can be inciefigﬁaqg%
| oad on operators can be decreased by automating a series of opefat itis ct
for workpiece distribution pattern selection, calculating the nunber of
wor kpi eces to be placed in spaces to be fiplled in a 35 selected workpiece
distribution pattern, and | oading workpieces and, when necessary, dumy
workpieces into 2 1 MAR 2) GO 5 11 the workpiece holder. A workpiece

di stri bution th& trankpitege hadgass. the nunber of necessary dummy wor kpi eces
can be readily and ' | g¢ . herehy the aforesaid effects can
5 be enhanced. Thepb?§%§%%y$€€iggéﬁgﬁggggﬁé Eﬁﬁqﬁ?ﬁayt%ﬁ%cgggFﬁﬁs the

wor kpi eces cawvrher b credesegayddugsyofwdartkpimadrercai baorkpHetes anel be

processed. Thg,;f (o) \Te S iLnhcl.ude, _for ex l.e, tenperature
and pressure nlf'?{%gp %ﬂer%g%?f o%géesse ,eba"n&}ﬁ 0%??5?%?%%6?88&5 Gises.
BRI EF DESERI PR @ihamchdEs DRAWNGS Fig. 1 is a schematic sectional view of a
thermal processin In a.first enbodi ment.according to 15 the
present invention;qugagég%§§% %?F%R&ﬁi%ﬂf%ﬁ%ﬂ?oPnég§F§i¥n€%qq?551“g

expl ai ni ng t heonkpereatdsoncah bea onsll et ek chaghsdl esgl wdedthdé NntiBet heenal
processing a t.us shqwn.in Fig. 11 rel ati on wi.th a wafer boat; 20
Fig. 3is a \%%rw &%Céasgsqiq:s é?\%emf%c%%?c& ni% &IOLH%S BRFRS EGT Sp Beer ns

i n whi ch senicwide or foaf essample, ditshpelutateonnmd Wairelssheat ; ifi ¢hed 1S a
bl ock di agram of controller ingluded in the thernmal processing apparatus
shown i nfgi 9. ;Ctg’:‘?nlzi-‘ﬁ:'fss’?li 5 3 eéfis%c“ta}iiﬁas W RrACcess 1SAA - processi ng

apparatus in a second enbodi nent according to the present invention; Fig.

6 is alongi tudinal sect ignale ighfortol W95 PhiRessoct at e
eVl Ces;

Fig. 1 is a schematic sectional view of a thermal
processing apparatus in a first embodiment according to

15 the present invention;

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
pProcessing 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. 8 is a block diagram of the controller shown
in Fig. 7;

Fig. 9 1is 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



30 Fig. 7 is a view of assistance in explaining the connectlonzpf Hﬁﬁiﬁﬁ%
and a controller; Fig. 8 is a block diagramof the controller shown A
Fig. 7; Fig. 9 is a view showi ng the conflguratlon of a 35 process recipe
storage unit included in the controller;jo Fig. 10 is a view of exanples of
di stribution 2 1 MAR 2005 12 patterns stored in a distribution pattern
storage unit included in the controller; and Fig. 11 is a flow chart of
assi st ance i wag&kprasnigipradeinpeay adi sbrdsuthen t petieirnprooessienguappar at us
shown 5 in BEST NEDF YI NGL,OUT THE | NVENTION - Fi r st

Enbodi nment AgbgrlFéggl lEtﬁh(g’ og%cggg?hgggppar atus in a first 10

enbodi nent carri esFégt 41CVD prbtewschare. pfaasbesnahcep1ncexplaimlﬂgposit
a filmon se 0 fers rkpi eces. s,..a schematic
Secti onal vi ot Eanta el SF Dehe. Brernl SREiEing Seradded St Ton
accordi ngptoinlFighebpresent invention. The vertical thernmal processing
apparatus has a double-wall reaction tube (processing tube) 11 including
a straight inner tube 11A set in an upright position and having an open
upper end, and an OutREST WMGDE! IHDRIi CARFEING D oHER| Ihrywmitton he i nner tube
11A so as to surrogng Ehg 1ijgner Eube 11A and having a closed upper end.
The i nner tube 11 tube 11B define an annul ar space 11C A
| oadi ng zone extenAsvemd&naﬂh&h@e&@ﬂiq&dhdksiﬁb apgy oty eisedn £DAgYCt or
waf ers P\lgare ded into a . 25 wafer 17 in the | oading zone. The

i nner tube 1% 3 &mteﬁ‘g' oﬁlélfl?%bé’ufll?a REMEREDF & -Reat - eSPEFHAL,

corrosi on repirscast , Miceldetlosi tS uC hE il giar $@mbassueton Waghrpyrity. , The

outer tube 1lB f .the reactlon tube 11 is
‘ orkpiecés

Fig. 1 is a schematic sectional view of a thermal

processing apparatus in a first embodiment according to
15 the present invention.

The vertical thermal processing apparatus has a
double-wall reaction tube (processing tube) 11 including
a straight inner tube 11A set in an upright position and
having an open uﬁper end, and an outer tube 11B disposed

20 coaxially with the inner tube 11A so as to surround the
inner tube 11A and having a closed upper end. The inner
tube 11A and the cuter 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 Jjoined together

35 with a sealing member, not shown, such as an'() ring,

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



30 nDunted on a mani fold 12 having a short, cylindrical shape and provided
at its upper end with a flange 12A. The outer tube 11B is provi ded MAR | 2085
lower end with a flange 111. The flanges 111 of the outer tube 11B and

the flange 12A of the manifold 12 are joiged together 35 with a sealing
menber, not shown, such as an O ring, héld between the flanges 111 and
12A Thus, the outer 2 1 MAR 2005 tube 11B of the reaction tube 11 is
herneti cal | y tuieest éh®l tef t htheaniréattidfd. Theei nnar tigbe hbkbfedfidalay
reaction tube

t down h ngd the | ower end of the outer tube 11B
into the 5 nﬁ‘%eqfeﬁq’g) e“f‘-"nn ?oqt‘%tg]'llA I s supported on an annul ar
support ridge 14 fdlhuad.m'ren I“tmbmnEIAsuffahé ebackthenmeibkold kktefdy ocess
gas supply pi and I pi 15 enetrate the side
wal | of the réaz)nl 5‘19 or!ﬁl) h ?‘ﬂ% %‘éﬁhﬁ ﬁée ﬁ’ggﬁa Eb‘%& d1Ehdinde tHhe i nner
tube 11A 5A meociesldjadzand Fhei netdegatudiee $UAP|iLedshppewdld the Ripcess
gas supply pi 5A and the Il nert g supply, pipe 15B, respectively, into
the reaction afr%%l RO HEELS ggs ici]%kﬂdycﬁ?p*éh‘?ﬁﬂnaﬂﬁ eHEERREr Ofgas
supply 15 pi p:ehelﬁﬁra:rﬂ:]ﬁbmrmct ed to a gas supply unit 15 (Fig. 4). An
exhaust pipe 16 is _connected to a part di anetrically opposite to a part

t hrough which the “br 858§§s§asg%p5}‘995§’pé”1%% ané th REr t IRREt s@Rs v

pi pe 15B are mﬁpﬂf}dephp@flsbep&hdtr%Q t¥fe tdiQidBRA{ Dl dr2@hd2 m3RidS 10 open
into the gnn ace 11(:1to exhaust the reaction tube 11 of gases. An

exhaust 1- st ALY | AEPUERKAGNCk PvEghpiRSide v Bk uAnpep tike a

pressure regulm or Al @r@@aﬁcfg%& td B& @H@Atsiga@ Re-el Gudi iR 'Etﬁ‘di‘:gtl-he
interior of t reaction tube 11 at a 25 term ned pressure.

‘el evating mec |%Fﬁ?%s%|%?)%s%‘€lpmoﬁ\i‘?ﬂe ?“eé@tjl bher &B@rflgta@ leﬁme
waf er boat 1pipd ol5Bf rdepeadidelihe isade fHOMLHeriSACEBR Hybe I by

vertically m)VI rl?estsheg\a\%f esrux?pol%} %)Z.peThleSP?l g\rlngit | tr:]l'?e inert
gas supply
15 pipe 15B are connected to a gas supply unit 15 (Fig. 4).

An exhaust pipe 16 is connected to a part,
diametrically opposite to a part through which the
process gas supply pipe 15A and the inert gas supply
pipe 15B are extended, of the side wall of the manifold

20 12 so as to open into the annular space 11C to exhaust
the reaction tube 11 of gases. An exhaust 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 is disposed below the
reaction tube 11 to load the wafer boat 17 inte and
unloading the same from the reaction tube 11 by.
vertically moving the wafer boat 17. The elevating

30 mechanism includes a disk-shaped 1lid 20 for closing the
lower end opening 11D of the reaction tube 11.

A rotative drive unit 23 is disposed below the 1lid
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.



30 nechani smincludes a disk-shaped |id 20 for closing the | owar %*n/zg’ it
opening 11D of the reaction tube 11. Arotative drive unit 23 i &l% RRZLe
below the lid 20. The rotative drive unit 23 has a rotative drive shaft
23A hernetically penetrating the lid 20,, and 35 having an upper end
connected to the bottomwal | of an insutati ng cylinder (heat-insulating
menber) 24. 2 1 MAC 2005 1A A cylindrical heater (heating neans) 25 is

install ed so as toaAsursyliinbiztieal eabeh@ert ubghddtinke mexhindrizml heater
25 heats obj ectivi_fl[séem conductor wafers PWto be subjected to the thernmal
process 5 (héPé&i 59 eF8r M8 THRRUNGpFRE: reacidrar SRR )11t 0adB8 into

the reactioncyliedklicalhe udigydr izml heater 3dbjkerpravi demiwohAudtor

cylindrical, insul atiﬁng menber, not. shown, hold resi stive heating
pe-f

_ in
el ement s hav g SiFe wi FEIALLTRAINAEP n 1éﬁlgpi ERerBRApePEPCESS

nmeandering shapreeihaFteresi Teifeeraent iRy alseneBbycaieveonpgeked teyay
controller méio. The controller 40 controls power supplied to the resistive
heating el emgRPgesh ik thge reBcddon duher dls PWare heated at a

predet er m ned te”th%tUE@iiﬁarIEﬁlcyhb%@b&caQSheégerp%év?ﬁeﬁapﬁgkﬁ of,

i ndi vidual ly heating, for exanple, vertically arrange ive heating zones
Z1 to Z5 shoW¥liimdyigaly | ninsulpfelndeaippefnde NOthe $REWR, bohrldings

formed of, fQlesXARIE, hbhOing 2Q1RMNDE AL Zg 9lLdss- séSpshawn 4 nyfig. 2,
the wafer boat 17 has posts ('17A provided wth holding parts 17B provided

with, follexdge §RocvesPiganol sharpl vl pt yneasideningl sbippeti veThef ers
PW such as 3QQitsd i1R0 heliief] | deeri@l{ed So RV cbﬂn?c@@&'%&n%a Resbihap at 25
predeterm ned vertical pitches. The lid 20 is held at a oagl ng position,

i.e., the | of&nosThpostantgvl ey pllceondnalyr apev¥er osupblded vieo wihers PW
in the hol di n@datiSe NSt E10MLLLY SBCGHI L0 BpyBLelvdi ShELRYL i On

PW are heated at a predetermined temperature.

15 The cylindrical heater 25 is capable of
individually heating, for example, vertically arranged
five heating zones Z1 to Z5 shown in Fig. 1 in a =zone
heating mode.

The wafer boat 17 is formed of, for example, high-

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,



pattern determned for the nunber of the objective 30 wafers PW TMAD 20AE
(hereinafter, referred to as "reference wafer distribution patteﬁ%")“ﬁg a5
I oadi ng nmechani sm 30. The | oadi ng nmechani sm 30 includes a vertical shaft
31, an elongate, rectangular |oading head 32 nounted on the shaft 31, one
or sone thin, forklike transfer arns 35 33 placed for Iongitudinal sliding
on the Ioadlng head 32. The nunber of the transfer arns 33 is, for
exanpl e, 2 1ippRhg0ogsnge pfi phe tangévef one to five. The controller 40

control s the operatan é’énﬁ:_hc?llh agilongmgre]‘gr:1 ?h%gd&g%r hﬁﬁ‘?d’t&hnﬁi’oadl ng

head 32 wvertically, turnin | oadi
nmovi ng the tdlerdiag amﬁchaﬁlSIRefIﬁ? erf(m* dmetmnbuttlw dadddkirig headhi 82 t he

obj ective wa e di t the fer boat .17 . are,set so.as to
cor r espond tf)’ggﬁég}é\éi “pl ur%"{‘ér{?ﬁ1 ?ch g?’?g pgnged'§ac whi%i r ePBflence
nunbers smal D.engi@umnaalﬂiyembtvh.dgngheapaansyeﬁrf atrle @a3fer boat 17 are set
as maxi mum nunbers renc ri.aution tern for a _batch ze
range i ncl udi ng thlezeﬁﬁnégge 4 q: %%Or\/vaflegg‘EWfo e pr“ﬁ’b’é‘sl'éeda@

sel ected. Al bboegzhltrlaemfless lml ARy diaytritdted rast thet wQRSr Oboat Meyhod of
setting 15 t ren e nunper, it is preferable in view of _distributing

obj ective wa ers ufiPt & §PaCOSFESRARSy B PR, 4%, 3t iRtUEHE et ABd set s

a ref erence barlrbhr eqzlal ratmgési nmf WHEcholﬁbm&a@@cm&mrst hemwei ey boat
not snal Igr than 2. 20_The reference

e
d| stri be{| on pgf‘t eq: i5 l%%@é’r‘??/ FRB2SH ond1®f W2 FeT hbratnd haA¥e FRtwhi ch
obj ective waker saxPibar eautbele . heAdrefBeeﬁeéeaﬁQﬁglﬂh’éibhbg&&tﬁarﬁaﬁéﬁr ns

are classified b hly into_a grou f th e for batch S|ze ranges 25
havi ng ref er &nc®® ﬁ%ﬁbeﬁy”? S qtidPd g rﬁ"el 8 EapREMPST oof hePIBEEF VBoat
17, a group Radkrsh®we thobebpiralresisaa 1rsars@qedtew ngal eheigACcenhavabess
snaller than atmggytgartlcular restrictions on a method of settlng
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



hol di ng capacity of the wafer boat 17, and a group 3 of those fof ipaﬁﬂw 2005
si ze ranges having reference nunbers 30 greater than a half the holding ~
capacity of the wafer boat 17. The reference distribution patterns of the
group 2 specify the uniformdistribution of objective wafers PW in the
waf er boat 17 with at |east one vacant ht?di ng 35 space |left between the
adj acent objective wafers PW Mire concretely, suppose, that the wafer boat

17 has 2 1 MARKMQE ntb cagididiynGHeapesi iy bt R0 whferd i e vaf g BY:t 0
subj ect 100 _qgbjective wafers Win a batch to one cycle of a thernal

process. ThedO0 pLisakbYe, "edfers efedance hataly i Bat iane pavebensf 28, L50,
L75 and L100 tae@maldepebtelad. Theadef eriedlceégd'aﬁ?rlieb!“ i8R rPaLLREPehER | S
nty-

used for a batch size range between one and twe five objective wafers
PW the ref efdf&&iuddrnputhaditerntd erh25 1 50LP8 , usdd 5f orard bakl®0 si aser ange

bet ween tgentigternineldd fithy GRyrecldne §%fiﬁﬁ¥i5$epE%E%EﬁT?%%OiS

distribution patter L75 is used for a batch size range™ betwee fty-one
and seventy- Hsgd e i batohf sigeprangsndatinegrefaieneed dtwenipufive

pattern L100 g3 dtedef Qhardrdapgh eeﬂf{f‘?a%%&f‘é %ﬁfﬁ%ﬁgﬁ S{D%.g?%gn

hundred objecfive wafers PW 15 In t reterence I on erns
L25, L50, L¥30%antsLvged pranietehfitidd simberenge sefiwesndutwentywaiers for

tenperature gerpensatd f ' | ve P (hergj pafter rred to
as "side wafers SW) e_}%g ﬁ%%ﬁg‘#thew%%%d?ng %ﬁhs %% ar rg‘sgﬁgégr“%ove
and unde}O 20 ddgtadjpatione pelter dLEbr ilsutisnd r BogeaRbatedpesizeekyngel n t he
reference di gfih Rt oy P35 0, &St fers -PWare-pl acgd on all
the holding parts 17B %tﬁ@oﬁﬁgctsie\y%mﬁgﬁwgi ?ﬂ%ﬁﬁ‘ga‘?%‘g’? R,ﬁgand for
exanpl e, sevémdsithe efereBw adéspributiion patherh 2809 dupsuséd hbbdi ng

parts 17B abqve adnindgd NeanQl epfdtiRief €Lvehil lihYt | R4’ 2Rd8akba
objective wafers PW.

15 In the reference distribution patterns 1L25, LS50,
L75 and L100, predetermined numbers of semiconductor
wafers for temperature compensation for objective wafers
PW (hereinafter, referred to as “side wafers SW”) are
placed on the holding parts 17B arranged above and under

20 an objective wafer distribution range R, respectively.

In the reference distribution pattern L1000,
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 125 for the
batech 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,



In the reference distribution pattern L25 for the batch size rangﬁ, wher e
the reference nunber is twenty- five equal to a quarter of the holdilh¥aR 2005
capacity of the 30 wafer boat 17, two successive vacant holding parts 17B
are left between the adjacent Obj ective \Apfers PW that 1is, in the
reference distribution pattern L25, obj ectlve wafers PWare distributed
uniformy at equal pitches three times those at which in the reference

di stri buti ons@¥epastidenwbie®s oW eatd i amferen RAcH eofli gtdubsit 66. the the

o or o SW ar BOBRH) WA Ehol Y SPSTpenst PRESThoM nboaaFiS VErEBUEF and
under the obféetiributhbar r@bsdmil Bt a@n &€@ADN R tdheualfopi t 6heap1&r
exanple, tw.cce gl tCh‘gélégt-WHCh .n_the reference distribution 5 pattern

L100, side wal&f i BLER. el hShe TREFEENCS: SHFEELPUEIQRfers

PWto be 5 prpaessed L3Ospakliae haarkhewr ater ansernygbes.of twenty-five of
t he batch size ranﬁﬁ a nunber of durgg waf ers equal to the difference
bet ween t he ref er eRPE™ 10N nHAY t RRARStige  WefedSecFlvetRariees PW

are held i nprbeewsbar heat shhlleget hafanyv téhd herélﬂé&f&ﬁéé/e niRbEFS EW so
t hat the obj ﬁctlé( \gafers PW.and the dummy wafers are distributed so as to
conformto t ef&Nee ofyi e BRtFBn & F3nID5. a1 numbeh oF cfarBYice

di stributi onwp@klrer Nedi®dl f lo t RBle bai £heBérbe BWIGreMERB ! hﬁef@i‘@ﬁ@@(:e
nunber i £ equal to a half the holding capacity of the wafer boat 17,

namel y, 14ifPyrPEHe L aftehdIUIRRF p&it 4B P Iestti viget RERr e hEW a@l]?%cent

objective wahera RW That vaFer Nbbdie nef eﬁ@fj&&@@ Qh%ﬁ”@m‘g'&?ﬁj@é&i@én L50,
objective wafers PWare distributed uniformy at equal pitches tw ce those

at  which i nVefETFeflrefCe Wkt HueRIiegate rvrian®, PW oppd cEhe cdwmmer s PW
are distribuwaderkn arle Jigftenenced dstdd Y | Qh f5dh eEH LR34, ré@éxéﬁé&p' e,

f1(7jlér si de vva&?_rsir% u%\{\é%rgap%%leggdlllzg each of groups of the holding parts

15 In the reference distribution pattern L50 for the
batch size range, where the reference number is equal to
a half the holding capacity of the wafer boat 17, namely,
fifty, one vacant holding part 17B is left between the
adjacent objective wafers PW. That is, in the reference

20 distribution pattern L50, objective wafers PW are
distributed uniformly at equal pitches twice those at
which in the reference distribution pattern 1100,
objective wafers PW are distributed,. In the reference
distribution pattern L50, for example, four side wafers

25 SW are palced in each of groups of the holding parts 17B
over and under the cbjective 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,



over and under the objective wafer distribution region R at equal pitches,
for exanple, at pitches equal to those at which in the referencé 1 MAR 2005

.

distribution pattern L100, side wafers SWare distributed. 30 Wen the
nunber of objective wafers PWto be pr ssed is smaller than the

ref erence nunber of fifty of the batch’size range, a nunber of dummy
wafers equal to the difference between the reference nunber and the
nunber of thebdepbivevwafietrer PWPHLar elil addditian tdie tiBd weé eredmasidd

t oget her with. the. ghi [ fers PW_ 1In.the reference distribution
pattern L75,Q32£§ Eﬁgﬁ%g&\éﬁ% qv&%l&%cmr%tnd&? rPEUTERF 0P % he
upstream si de.ew, t threespewert sildee dbowringredi r €At iRy .0f 31 heytpr peeekegas,
i.e., thelo ide as,.viewed in. Fig. .3, pitches equal to, those at

whi ch in the&g{e1 zrgcr?ce%la?g?riab tVBﬁcg ﬂé’itgﬁ‘ﬁ ¥ ,red'iﬁeec‘g?ﬁ*ér%\ﬁ’f”é%%npw are
di stri butfed. phhtetrhe L1N0gr esisPedt sVé | alfie®d oWt 888 St i%a@Np! &n

seven side ers_SWare placed in each of groups of the_holding parts 17B
over and und&P®t he® %f%%?gvegﬁ?%’r%uﬁ’r%’i‘rﬁéﬁqﬁ? r &fiPan ﬁ?rloeWﬁ’éﬂf?he

number of obgevehveidefl easelbd oW kere PICGRIEEH i SadHBE e5rdkisd bPCthe

ref erence nugbgr.of sevent cy};Tfive of the batch size range, a nunber of
dumy  waf er 8C8GLRP RATER 47Fr eP¥RT e Kt wHBASEhethef SbIREE1VRUNBRFeRNd t he
nunber of thaisbpebtutvenwabgionP®¥/ are 15 placed in the wafer boat 17
together, with the jective wafers PW In each of the reference

di stri thqMon pat t e‘g‘ﬂbénLZ%}}e By 5 ofn g PIGEEiEn ¥eFeFst oF"waker sbesuch

as (unprocepsedesestiCONGUCstialuirer Phad! € HHAC ok ASrdM t Of e paf gEs MV
in optional ognes g{rﬁ}fhe hol ding parts 17B in the objective wafer

.di st ri buti on®F¥RG t¥ecoff ithe (RLch c81Fe BRNERocEs STUYRPen P HEWPEY er ence
di stributi onwapeirkeraqbdb, tfoor to%an®l £re FESCAD N WMl @heMVebBepbaced in

a blank regl ohBLe" Inf e it ! briective wafers BW are
15 placed in the wafer boat 17 together with the objective
wafers PFW.

In each of the reference distribution patterns 125,
L50, L75 and 1L100, 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
lwafers 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



25 region Rin the wafer boat 17. Referring to Fig. 4, the controller 40 of_
the wvertical thermal processing apparatus in the first enbodinme t T MAR 2005
conprises an objective wafer quantity information receiving unit 41 that
recei ves objective 30 wafer quantity i nflq_,% mation froman objective wafer
counting unit 35 that counts the nunber '6f objective wafers PWto be
processed; a distribution pattern storage unit 42 storing the reference

di stri buti onnupbeternss; the pobjestivg omfhitd OPWSIHW atite UBhki43 ¢t OEh8g 35
processing c itions; entr al lgr.ocess,i ng unit, (CPU) 44 that specifies a

d
bat ch size rgﬁagcl ﬁXFudY?ﬂgef heTRAENRR e ereseipRd obyeckhde

vaf ers PW oncbhechages walferhequabi vef i YALveinakiaHaHddat viiigoririlt on |,
recei ved by thflf gbj ecti v% waf er quantity information receiving unit 41,
sel ects a rePEr8REE 0t sEFTFIEPSR pat FEFHPREI PR pohatd 5CPErefRoR@ERef i ed

batch si Ze rasgaHe aspédiostedt Bacdhi Biddershgd r ebbhi Hhdal L& dr& O fUe
unit 42, andé‘eadé%?groceési ng condi ti ons correspondi naat o the sel ected

ref erence di St'Fi b FBUELeRn B2 bR he SHU@Esi Mgitcoddirt i BRdstBeade uni t

43; a dummy pebeesgiiagt i Chndl tdeher MduAkdptdditey t had conpar gg1Lbee
ref erence nunbgr of the selected reference distribution pattern, and the
nunber of t hESEBFERERye ML UACemndPYEERFRI néFolthe thRinbRFoGesSPbRGSSary

dummy waf er seondl @@8hng sepeagkl Olni®ONtgH!  Uni tadfind Nafa SOt rols Efﬁsé
| oadi ng chanism 30 15 to distribute the objective wafers P an%l t dunmmy

waf ers 1P t heeSBFELPERT, editente dibstt i pRmpPRRepather referanne watmbeboat

17; a heat er ogondhe0l samidedd $8For&RBLT AlikikRILRRWRH i::lép:&le?rnt,o 4 the.
cylindrical heater X gas supply control unit 48 for contro Ti ng

the gas 20 siip ?rufﬂSﬁ Eggt d’e}‘?lﬁﬁﬂié{%? théesgp AW, ofndhagharmigwesyathe The
5b] ecti Ve varora B h e R e e RS Hog TIeFRCIR
ref er ence control unit 46 that ‘controls the loading mechanism 30
15 to distribute the objective wafers PW and the dummy
wafers in the selected reference distribution pattern in
the wafer boat 17; a heater control unit 47 for
controlling 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



distribution pattern automatically determ ned according 25 to the, nunber of
the objective wafers PW and processes the objective wafers PW f &r 1 &1/4R 12605
deposition process under the specific processing conditions correspondi ng
to the selected reference distribution p 6tern. The objective wafer
counting unit 35 counts 30 automati cal I? t he nunber of the objective
wafers PWto be subjected to the desired fil mdeposition process, and

gi ves obj ect iotejewtfisre quamlties | nbar nakien abgndsd he sturder Qf, theng

obj ecti ve wa;_rier PWto the obé%ctive wafer quantity information receiving

unit 41. The ,15[% _°4h%a5t Recteorde rurtkefide diBeni bitherodopdinern for
the specifi eibdiiraiunsipEacdgent nebydoRaybneapuEcpilidNeng holiRnG005 20
objective wafers PWfromthose stored in the distribution pattern storage

unit 42. The®2hh4e IR MP nEankPasipl aefs the obpdecited wakfesepwei n t he
hol di ng  par i sSEAB KUt itdie hasierDiride 864 eE&?ﬂQBF%igﬁﬁﬂggr% B3t | Oon

pattern fromthe top holding part downward. operation control

unit 46 cont rS tRAAishdioRenRtdiomi serdealo Wik t M6 | eatitvgliseadhs?
vertically andddindy t fikdipatidg hepd 82 @0fe! OcHRYe1blA; nbl aRsLE! apm 33
0

a
longitudinally so as to distribute the 10 objective wafers PV\E%n thé
sel ect ed ref d&Htdealdisandhtunh P t beading t headad2r bodt td7moTee ttenmy

vaf er quanti tef-3dfdyi Mg Y8 loﬁéitﬁaﬁmgﬁ.g% d%{aﬁea{sﬁfj%e%s;?gﬁg% Qhet he

sel ected reference distribution pattern, er o Objective
15 waf er 0 pnebdRstiie nivf@rsof e obijrect ithe wakeled®dti s refelreecet han

the r ef er encouasuith WIREALNSIAR JAe ol 44 ng the number of the
dumy waf er

obj ective wafers PW the s are placed in the vacant hol di ng
parts to distributl®e hdwEpectiafenaf aean PWwnddeherdimiyg 20unater 45s0 as

Lo conf or m t Qo el erRnCeebsbhtbULLABePUL il BY1LBELS! SLRLN
mechanism the Iid 20 is el evated
distribution pattern, and the number of the objective
15 wafers PW. When the number of the objective wafers PW is
smaller than the reference number for the batch size
range including the number of the objective wafers PW,
the dummy wafers are placed in the vacant holding parts
to distribute the objective wafers PW and the dummy
20 wafers so as to conform to the reference distribution
rattern.

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 wvertical thermal processing apparatus,

35 processing conditions including set temperatures

(temperature profiles) for the heating zones 21 to Z5



to carry the wafer boat 17 into the reaction tube 11 and to seal ihe | ower
end opening 11D of the reaction tube 25 11 hernetically. Subseque I'&/P’lﬂlﬁhéﬂ%
exhaust systemis 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 h«g the objective wafers PWat a
predeterm ned processing 30 tenperature, the process gas is supplied

t hrough t he apeocesst gaSosuppihe pi pefébénist 0 discrigacdicn tphetddn )
process the

obj ect%ve E/af ererEV\gEé the fil m deposit.ion Erocess. In the
vertical thefREPEEFO¥&SYr ndhphft FECCESINDESBAAGIEBRdIATONEEPREFudi ng
set tenper at ihethe( perpR=aiinge pmfidies) dedrdde hepting. zones ddutnaZs 2 1

MAR 2005 21 are set f the reference distrjbution patterns, _respectively,
and the pr ocﬁggf*ﬁgsc %ETI i FREeFRRcq o Pt iPYHehr JeRSSe TRy bW ¢ o

storage unitmédsutba Giluh¥dr s eehe t BBiLBLEUBNCRafLSE I igit ir@BmPathern for
the 5 neasured nunper of the objective wafers PWfromthe distribution

pattern stor3g&taaPEtaon RAtieractsteragengiil urd? pr a0 eseheehe basis of

the sel ect edtempbenense digidriny i bh pather nphise® t hse sior egdaiBatba
processing condition storage_unit 43. 10 The heater control unit 47 control

the operati ohebfrepre Gistidhutdiomeridiens fyomofhesel istensshein t Bhee

suppl i ed to phecerkiRdr ceakiikeahestdbagh tfietbagis of the selected
tenperature profile so that the heating =zones Z1 to Z5 in the reaction

tube 11 e heat edThe PS2hrEdEPBERPReENpEOdEsSPRGPENbRRaPREERLiON Of

respectivel y thihecy Dasd @R ¥ HelRlerOl 28Niky 480023018 figt NSoW@S Fupphy uni t
15 to regulate the supply of the process dgas such that ™ the interior of the
reaction tub&PPliedngint hReFYdindrigiaddehenrhenedSyaen cSheehasits oaft o

process the epkeckbygetdd VEdm¥sS DN Hherhikm depogidd oRpRr 058581 n§Or
exanpl e, the tenperature profile correspondi ng
: zones Z1 to Z5 in the reaction tube 11 are heated at
15 predetermined processing temperatures, respectively. The
gas supply control unit 48 controls the gas supply unit
15 to regulate the supply of the process gas such that
the interior of the reaction tube 11 is maintained at a
predetermined gas concentration to process the objective
20 wafers PW by 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 21 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 L25 is stored in the

processing condition storage unit 43 of the controller




to the reference distribution pattern L25 is determ ned by subjec ip?!%h%mp
ref erence nunber of objective wafers PW (twenty-five wafers) whic aéB‘ J
| oaded into the wafer 25 boat 17 in the reference distribution pattern L25
to a thermal process heating the objective wafers PWin the sane

reference tenperature profile defining 4 tenperatures respectively for
the heating zones Z1 to Z5 as that where the wafer boat 17 is fully | oaded
wi th 30 objedbi,ve wafers PWin the reference distribution pattern L100,

and adjusting the reference tenperature profile on the basis of the result
of the thermal prdEBBETaLLERPPReiibesckaKi fhagrefierengs gistsibution

obj ect | ve WapateePhe 150 LeaPenal Ui BLRbkdnbdl ihNendS LRLCHERGE.
distribution pattern L25 is stored in the processing condition storage

unit 43 of the contPdF| Eheymal\rrogessing methpdnpeest nos peefli kesuser the
ref erences di phbcBdEioy RAldieiRhd 3 Iy aLE QSQ@égkﬂgnqai“tBQ%mai‘”e

manner. This thernmal processing nethod does not need to use 5 processing
condi ti ons nPEREFSEYOhder@nfpsndiradessialg ebdeetiirag wafersd frora

processing ohjr@ekl Uha¥d effel faterSiRbt W' €5t [ {eh Sehul 1Y

| oaded with the objective aafgrgrPMIand nangsdgﬁ%yg#a%§§§g1éé}%u%%gr of
dumy waf er s ohdegéd Visy werkies st FEr paid peoyeskimmy vetfleos .i sThe notbeheof

di fference bghwﬁ?nwgggfyungadég jaotd V. r I | apacity
of the wafer boaf 17 and s tfma%#%éﬁ%%né%ﬁ e ge%ﬁ ?%%ggﬁ%bﬁgggggo Pective
wafers Hhd tRE r &her edédfprsbee obetheesel ébeednuebereno€ dbgerikhbuei on

pattern, whi ¢ fe$<SIRId &hd he, f .+ 15 di r nce.Qbjective
waf ers and dummy ﬁafers caJﬁE}&{ﬁﬁné%éﬁﬁﬁﬁgé%gaéﬁ$o§%%§¥oﬁé? ol?hj‘é‘n8
sel ected ref dfetde diiffananag detpaarerthe amanioéne pf oocbjechijveondfersns are

determ ned egpiy i Gald Y pre@ranle Ohj Lve \af P n.2Q be substantially
uni f or y pr oqessed by rtehgrfel | %‘ pljl.lﬁggi‘ O\ﬁa %ﬁ% !(ai%cteg relerence
. distribution pattern, which is smaller than the former

15 difference.

Since objective wafers and dummy wafers can be
distributed so as to conform to the selected reference
distribution pattern, and the processing conditions are
determined empirically, all the objective wafers PW can

20 be substantially wuniformly processed by the film
depositidn process in high in-surface uniformity. Since
the temperatures in the heating =zones are controlled
individually, the objective wafers PW held at different
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 L1L25 or LS50
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



deposition process in high in-surface uniformty. Since the tenp?rqtﬁﬁ§zﬁw5
In the heating zones are controlled individually, the objective wafers '
held at different positions in the wafer boat 17 can be processed by the
25 fil mdeposition process, i.e., the thermal process, in high inter-wafer
uniformty. In the reference distributi patterns L25 or L50 having the
reference nunber snaller than half the holding capacity of the wafer boat

17, obj ectivebdatelve3taPbiar cowli gin i Byt peodaiskanmiv, alight chesubhigs tines
or twice the pitches at which agbjective wafers PWare distributed in the
reference di 8PHi BOEREAYBAETePRIESSBL Y Therefore, all the objective wafers

PWcan be processethuspdehet ttesrhst frdcaldsf nghenatdBi REOCESS PP £QREI ti ONS
35 including, for exanple, processing tenEerature and process gas

concent r at i onPVEBHiBHuenfl yS2RRP1ENeOS 1sMARL¥OOBroGe8B}REt | PbIRaEEVE PW
can be proceqagdrkn P By 14-8851268 ranfl WRLSsIALES _Méé%!sg} tds'nT%Ué, the
0

thermal processing nethod of the present invention i's capable tably

processi ng off@dt| pambsrygfe dumpy jraferrsi réendequanieidsi thenrpnoiegs,
using a smal koBENMEAn Ofhed UFBAWMRILT Sna CORSE dURILlNag leglgn%ggsiggﬁycan

be reduced and the desired fil mdeposition process can I'Cl en
carri ed out.PYRESPopRR Pef efEhcéentiyr rburied puttern in which

10
obj ective wafers P¥argrbhpeahe sl Jggi- QQ@; 17 is.sel ected
on the basis of the nur%t]):ergeof the obj e%s\%hwa el\régQc %ﬁt an pir%cée@léléﬁg
condi ti ot ebipespy¥adivafans tHE sskedicedee efibstnibutiedt cnbuthenwafatt ern

Mafers PN Che ol o0 Boat oty ot ReSsSPEAR off oftpnoERa o Lhe
iconditions €EkRASBEiVery #adiang acHiWoved andl t heredsssongi ngeorfli ttoracy can
be inmproved. -gkRe8pbHAifg e thef LENCEHLatEPULLeR BRELET Bi kB ribution
pattern are selected automatically. Thus, the
15 distribution of the objective wafers PW in the wafer
boat 17 and the selection of the processing conditions
can be very easily achieved and thereby working
efficiency can be improved.

Since the same reference distribution pattern is

20 used for distributing objective wafers in numbers in the
same batch size range, objective wafers PW can be
subjected to a desired thermal process without changing
the processing conditions even if the number of the
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 Fforegoing
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



20 used for distributing objective wafers in nunbers in the sarre;)%ig?p g
si ze range, objective wafers PWcan be subjected to a desired th IAR 2005
process wi thout changing the processing conditions even if the nunber of
the objective wafers PWis changed mﬁt?%@ the batch size 25 range. In this
case, only the nunber of dummy wafers ds to be changed. The vertical
thermal processing apparatus of the present invention capable of carrying
out the foregoefigrreder embopimeassi,ng thet hetdeisentapabhendfi oat akky 38t
processing all_the .ohj,ective wafers PWhy a desired film deposition

process in hhéﬁgﬂ:ﬁg saj‘r earceetoan?in‘flnttzlﬁ- VIHG SRR YS wWReRLtASaRLABEr of

t he objectivereapessiB®e.s snaller than the hol ding capacity of the wafer
boat 17, and of GQELCiﬁthé carrying out .a desired film _35 deposition
process. Although thé i AVEREI of®ha8bedhMdéscFPbedifn PrEber; pAR #hess 24

pref erreds enrefierence, @LStPIBGENbni MLHdMls | AnBOtmali Hd edpkhghal oyand
t he fo[lomﬁna ¥arious nodi fications are possible. (1) There'is no limt to
the number oF®FRE™ESHat erence distribution patterns and may be optional Iy

determined. (2) Obj(egtiots)awriph eGRYkHA R sPT 0663380688 08eaP @ dpLN any
hol di ng parts SE%éltled b gg reference distribution pattern in
processi ng aPharEer &t BBYe M R ki Eeesifier| &y tHeae rrfereneeence

nunber of thaistefiduenes @atiteuti®dpbRtdSdihg (3)ndiEeP’ SFEBLLRYEYEI ON IS
not lim @d %ﬁﬁkhe vertical _.thermal processing apparatus in ITs practica
n,

appl i cat PLECaSp| FRALLETt othdRi Zbie alrafrienge 1T ysmes sifngthe
appar at uses ra€biénde dikeripoRidh pad¢kran vessel for hol di ng workpi eces

in a vertical position in a vertical arrangenent. (4) The holding capacity
‘of the wafer boat, (P_e.'l,'heol present invention is not limited to the

vertical thermal processing apparatus in its practical
application, and is applicable to horizontal thermal
15 processing apparatuses including a horizontal reaction
vessel for holding workpieces in a vertical position in
a vertical arrangement.
(4) The'holding capacity of the wafer boat, i.e., a
workpiece holder, is not limited to 100 workpieces.
20 Reference Experiments
A wafer boat (17) having a loading capacity of 100
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 (17) was carried into a
reaction tube (1l1) 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 (PHW)
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 +2.0%. The inter-wafer thickness
35 uniformity between the semiconductor wafer held in the

8th holding part from the bottom, i.e., the lowermost



wor kpi ece holder, is not limted to 100 workpi eces. 20 Reference 1 MAR 2005
Experinents A wafer boat (17) having a | oading capacity of 100 ob% ecr’i‘\ﬁe
wafers was | oaded with 100 objective wafers (PW in the reference

di stribution pattern L100 shown in Fig.,s3; that is, the wafer boat (17)

was fully | oaded. 25 The thus fully | oaded wafer boat (17) was carried into
a reaction tube (11) to subject the objective wafers (PW to a film
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desired thic S ny I ssing cenditions .far, the reference
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a desired telther abpeempstomenditoy wafper MWIr #asoft0. 860C. The thickness
uniformty of the SIN fil mfo&med on each objective wafers (PW, i.e., the

i n-surface unifor mxpf?,rlm §t2. 0% The inter-wafer thickness 35 uniformty

bet ween tShe senm cofdeatyr obfestingd dwiaferige (B)h helrdi NUopded firds t he
bottom i.e. @%he l.ower g.hl MAR 20%% 5 _noni tor .wafer I\%'n Fi,g. 3, and
the sem condi&FSF \ﬁﬁva\gzr [l‘ﬁ‘e)l PHe9ed1 POAGIRS) (ﬂar?@cﬂfryt %% o éh‘é‘aggFFom
i.e., the uppertstrapaidnte VaistrNities Bab¥erbxpes EHdwnl DnTregly
obj ective wa ers\ﬁéTPgSg\ere | oaded into. a. wafer boat (17% havbngda hol di ng
capacity of T00 Waf&r <V tH2 ?’éfe?’@ﬁ@gp&iaﬁeldi Bt i p‘é‘f‘.%’i‘ﬁ 25%4R8wn in
Fig. 3. Fiveatt@miniaies SobvbsEt pracestén abﬁtﬂﬁﬁaﬁ%oﬂgkggﬂg? aag t §'hé?lt7 ;le
objective wafer distrjbution region R, _The 10 thus | oaded wafer boat
was car r]re%d itﬁ"ﬂl(? a}ci‘aéiféfi‘ﬁfe’f %alzlﬁ7?o_w§l§bjc?d"'_tr"_(e}¢e Jd'bi}%cfi ve2Gaters (pPw
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film in a desired, thickness o 50 pm The, rocessi ng conditions _for the
reference di gFPPE‘thil(?ﬁ‘ BF9saSSer {ger??\%’r’iﬂcfé% %eﬁﬁhﬁg‘? heibbidet f¥éM™af ers
(PW at 'a deqsinedsiemper Bhure (dEO0RSS NhildxmeayAat vre) 190 HROC. The
t hickness uniformty of the SIN filmforme . . _
processing conditions for the reference distribution
15 pattern L25 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 +1.0%. The inter-wafer thickness
20 uniformity between the semiconductor wafer held in the
17th holding part from the bottom, i.e., the lowermost
monitor wafer MW in Fig. 3, and the semiconductor wafer
held in the 104th holding part from the bottom, i.e.,
the uppermost monitor wafer MW) was +0.5%.
25 The objective wafers (PW) were distributed in the
wafer boat (l7) in the reference distribution pattern
L25 selected 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
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15 processed basically in high in-surface uniformity, and
the workpieces disposed at different positions can be
processed in high inter-workpiece uniformity.
The thermal processing apparatus 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 unit 121, a carrier carrying

mechanism 122, a carrier storage wunit 123, and a




processed in high inter-workpiece uniformty. The thermal processi A4 MAR 200F
apparatus of the present invention is capable of carrying out the 1R 2008
foregoing 20 thermal processing nmethod with reliability. Thus, the thernal
processing apparatus of the present |nv%n,t|on i's capable of processing

wor kpi eces in high in-surface wuniformy and in inter-workpiece uniformty
even if the nunber of workpieces is smaller than the holding 25 capacity
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(hereinaftercatreigfr ettoragel M ag23Waberthe Wrahsfer WRLKRI @C8S, not
shown in Fig. E% delivered to the recejving/delivering unit 121 is carried

by the carri %Y c ST hePRSAREAFT22L03 e tapkakiedt dinge wafen 23

for tenporaryosdiDh@yehakBRrCaris e GhieS i dp eéaifgﬂh&h%lecﬁ%r sl £dPrage
unit 123 to the transfer stage 124, A wafer carrying nmechanism 103 is

i nstal | e i nt3%Gar 8Pt t88di%RF s@fatbeframsthaheagaier Saplpass msthre sm 103

10 takes outtihRsPafersald r apat heagar rﬁﬁnscféa:lsac%ﬁeo%éf@rst'wngaer stage
124, and transfers t he vvafers Wto a wafer boat 127, i.e., oI der,

‘havi ng hol di %t Shaft@t 232 'andt riunt & Bafarpdialdary ahavings hatdingf er
boat 127 is papyal ed78yahbembAte! 842h0hodR0LBYALEr 1261 UrPRL &ed Al

boat 127 is elevated by the boat elevator 126 into a
15 furnace 104.
The furnace 104 and the associated components will
be described with reference to Fig. 6. Referring to Fig.
6, the furnace 104 comprises a double-wall reaction tube
141 including a inner tube 14la formed of, for example,
20 gquartz and having open opposite end, and an outer tube
141b formed 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 105¢,
25 such as resistive heaters, respectively corresponding to
vertically arranged heating zZones of a thermal
processing space in the reaction tube 141. The heaters
105a, 105b and 105¢ 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 14la. An exhaust pipe 144 has
35 one end opening into a space between the inner tube 141la

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



The furnace 104 and the associ ated conponents will be describedtwﬁgg 2005
reference to Fig. 6. Referring to Fig. 6, the furnace 104 conpﬁ%se g
doubl e-wal | reaction tube 141 including a inner tube 14l1a fornmed of, for
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vessel . A lid 145 Tabkachedompohsrtyppestencdhy thachaal el gyabatsigg 5
cl oses tﬂﬁ | ower. _end openiﬁg of the manjfold 142. The wafer boat 127 is

nount ed afPPREGCEE gt uHie fagonduppbrodmenh andirht e@rkErakesyrspdsed on

the lid 145 sdlladel ddserdbes it reFcdlane B &idfi ve URAI bonkeb1$ROWN.
"Those conponent.s of the theggg%p rocessin 10 apparatus in the second

embodi ment  and®a ESRFOLSsy wi FPnfEoddess bddlwi t Rareldr enbeatsrri g.
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51¢c respecti vel for controlling the heaters
igg;rOhgggsaﬁg’%%ggli%g?ﬂghé lgleate s 105a}/ 105b and 105cg of the

15  heating unit 105, to control the temperatures of the
heating zones of the thermal processing space in the
reaction tube 141. The controller 106 controls a
transfer controller 131 to contrcl 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¢c 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 151a,
151 and 151¢) 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



15 heating unit 105, to control the tenperatures of the heating z nzs“,_p% fnS:
the thermal processing space in the reaction tube 141. The contr okl rM4etied
controls a transfer controller 131 to control the operation of a drive

unit 132 for driving the wafer carrying chani sm 20 103. For exanpl e,

hj ective wafers or dummy wafers contaified in a carrier C placed on the
transfer stage 124 are transferred to and distributed in the wafer boat

127 in accor teneebuist 168 .pr Gtiet anputediniaf e162 diStepdrdiad oat&ees8y and the
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input unit lé2caited WBPUMHY 163ckinshydadiietRfqC |17 1
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The court®r #BSUEORREILIPRE MhRBEr CorTditactd \Areawdierke cotoredetni hha
carrier C reaerved tdhRd ee®ivi Aghdeldyer | igedNih 21100 Efé'?ec 4s of a
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si gnal provideg b% a mappi ng, sensor, not shown, such as a refféc
optical sensYPISFRf GIEEGIFAOIMbERE Fodiniianss Whare ¢ar rber sulsjactedo be

stored in theo carritblersbd’ agedddds 123e a%&éﬁ%%#%ﬁf“@“ﬁ(&

waf ers containegi the carriers Care to be subject:t _ t her ma
process are GP% ﬁogﬂ.@yi &Qél'y Thugpe the number of objective wafers to

15 be subjected to the batch thermal process can be known
by counting 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 wvertiecal
thermal processing apparatus. Therefore r 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 wunit 165, a batch size table
storage unit 166, and a distribution pattern storage

35 unit 16€7. Indicated at 168 is a dummy quantity
calculation program. '
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the heating li‘g.lttes Fl and F2 at which a first 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 vacant 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.



respectively, a desired processing pressure P1, and flow rates Fl and F2
at which a first gas and a second gas 15 are to be suppl i ed. Thé hiiiRe?0ek
objective wafers to be |loaded into the wafer boat 127 does not necessarily
coincides with the | oading capacity of e wafer boat 127. In sone cases,
objective wafers | oaded into the wafer boat 127, 20 in which vacant
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a ther o Pragcess in_a flexible- batch _node, the processing tenperature
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L25 is sel ed:ée@berummorrwtlaﬁawa bé addRd t edrleeheker ege8cdlsin
processi ng 5\%@% yre Ti 0 determ a_desired processing terrpera?ure
TF, not sho élrfaul b&FCH“aY e determ:l.ned 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 loading 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 Rl specifies a thermal processing mode
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together with the CPU 161 and the input unit 162. The | oadi ng node storage
unit 165 stores node sel ection 20 reci pes specifying | oadi ng nodes of

| oadi ng t he Wheze boanunﬂ@?r sift hokgeamtiiviel - vapacst ysrhabibmng tizade @hea

artial - capagiy d|n nerso | oadi ng_t he fer

I227 Wien Itohg' fL’l)éll=h cap Ioaaall i 2% %%? et €ob 88?%%&/\8?@5 are
| oaded 25 i nﬂ-@awhegvvatae:rarﬂnaholldﬂngnpantappmuhm_tt Ii‘ﬁa‘rﬂiy\gldimmg thb?re
the objectiv er e ced ffomthe t in spa waf er
boat 127 dow?’wa\é;% Ec’?ii):we?-ba}part %oadﬁ?g %e &FEFn 681 &i’f“géqhaf ers
are pl acd btadtmeh:hns tmmaum naBdi I‘IQSCBpaﬁﬂ ap st hﬁcha? einb@ab 3?);“12; ?[awar?,h
or a mddle- nt -hog ner where ective ers are ace romthe
n ddl e hol di % r:"s;&)3 cE ?"ci%ég wctﬁeecf‘l%o%ﬂ Il27 Ehevipde aﬁﬁiﬁﬁ&/ﬁ r §e3RESa
manner wher eBaumde\m:e,rs ttiee phéeed bdsvauaqaa‘vt IilQ| dEdply S pasRfed eilitaf ter

| oadi ng al | t %ectlve waf ers. For a fl exi bl e-batch mde

specified in© J& ¥3F86F|f0n°Fec‘r”th Si % cﬂt?:'é'é:t%%‘ﬁ’uel’”ﬁgler&r o2B9si ng

node 2 1 I\/ARd&?i&ﬁ& Sartere awbthbet onefabule@tl\éﬁayvaaeaé%ﬁﬁal hRhkkbhaket hte
| oadi n pa of t he wafe at 127 are processed an | eavi ng_ vacan
hol di ng %@rt 1Pﬁoﬁpﬁ‘%ﬁ?yi‘f>3§&r‘ﬁg R3S whPerthfoatation bead 1121 hés

ref erence di mllllyut |1®|ad5dpatﬁegra&‘&illek&0 o|f75,th|e50n&ﬂﬂeh‘25o$h0%gb&t|fbg- 10.
I'n fuII-batch C|f|ed |nthe node sel ection recipes 2 and B3,
‘the wafer bodf ff? ? ?’Lﬁ &Fwith objective wafers, or with both

obj ective wafers amte dbaﬁ‘gthwaéfié WadIIt steauipey anytvacsst amf kphece 10

hol di ng Spac%szl.s}?:(%li%iu%q_o%ar'iogtltgrgnhes Lae.&ebogtgi%2716|7$ 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 si'ze 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 An, 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



fullly | oaded regardl ess of the nunber of objective wafers to be proc egg%
The batch size table storage unit 166 and the distribution pattern storage
unit 167 store data to 15 which reference is nmade when, for exanple, the
nmode sel ection recipe Bl specifying the 44 exi bl e-batch rmde i s sel ected.
The batch size table storage unit 166 stores a batch size table show ng
. batch sizes, and the ranges of the nunbers of objective wafers included in
20 the batchC’l‘x’il,5_365‘7--"-V|5-’:es‘ﬁégﬂf%eIP)VJ Th&alght cdf sithe | soldengr hlwexks r bast he

batch size t abkg+QQf € bpective wafers to be
processed. Asgheﬁ?ao%g% nnect | o&%hgl%%cesgx% %nié‘t fgﬁngf tfqﬁggy

t enper ature féyer @J@t@pﬂecw&fedm BWt. he Dumowe seafecs pBWAra,ra li?élqbl anal ity
of batch siz f i p five.,are set_for

ref erence di g\lt%rllagﬁéj #Qg?%rgrltﬁ's Jﬁ%é %to \I,_\%%%,%rgmfﬁ%téorné? et®nék wdfer

di stribut$ onhpétillegngd_n% ttco suphie o rrhes phinfif eugerice t hwsehdas£hest ase
stored in thg | pu tt stora uni.t 167 FLg. .1 hows t he
ref erence di St ralf)&%rl%irjl %at?){&eer%%s k?{g%e%% E%@ﬁc&gﬁed@‘??lf%ebgi ﬂ?%icﬁuf'f‘on

. pattern stor&agd hnants 167. tﬁeg wajﬁérshwsdnm egbhye watierthdsadeshd nihhe
upper-part | | r the |str uti.o atterns excl uding the

di stributi on%%%t '?'glr&ﬂljéi"S%ar% é] ?hé'r Sh\at z9pe.i g the| QgT“B‘Xded.
In Fig. 10, vhfees amaanmdlecamfdsm dlcaglbldoCekﬁdeDf dbaheiesg gar estleal di ng
2 1 MAR £005 4 ect rs P of the hol di ng_bl ocks has

t went y- flfél)e Wor pfgjgce ?dl H‘aggﬁai?gv tgﬁrgﬁfﬁn i W9 ?’v"\EnPV feoryEhgpPBREFVe
waf ers PW Dennlysxmftam QW aire hleédrangehalfdung;osma,c&&-ld NEH D1 @@gl bakt om
sections in endh0| dltg% zone to suppress the fference in the effect

of a therma pr 0cessT bétEerT obf &ctiVe eFRPERY R dli i ehd -par PReof the
waf er hol di ngordter amaféhosies htdedd nint ke Roddhiagpasdre©f Heterataf egnbol di ng

zone. The du%acv&fte%%l J_nign Illé%%sv.vafers call ed side dummies or extra
15 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 +wvacant 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 T1, T2 and T3 which

set individually for the heating zones to be heated by



10 dunmi es. The nunber of the dummy wafers DWfor the upper end gegtjyom 3@5
in the range of 1 to 4, and that for the lower end section is in the rangé
of 1 to 11. One nonitor wafer is held in a holding part between the

‘adj acent hol di ng bl ocks. 15 Although the_hol ding bl ocks are represented by
the shaded areas in Fig. 10 for conveni & ce, objective wafers PWare not
hel d necessarily in all the workpiece holding spaces of each hol di ng

bl ock. Each hiledinsptEeklobas tosbt yuntl u@swl sk nghdanéstidhengier eoswhen
objective 20 wafers PWare. not_placed in all the workpi ece holding spaces
of each hol diffg BIBEk Hhd Rrant 3@9?$i%cgheﬁﬁ? i ROSpEEed saPETEREFern t he
“hol di ng bl ockn duttry Fbéeiisl @isa PhiRCetiodd, t hen¥ac 2BEpeRkkRbecenlehding
spaces. Du wafer distribution rules of distribution of dunmmy 25 wafers

DW t oget her WXHEH) e®T vt 12 880% n L3R BBl dlA§chl 8&R ap€iuséedd, for

exanpl e, $ogeidirdiiridh tde tWéerddsetibhdiban patt ghfactivdunmp rueier
distribution__rule specifies, for exanple, placing objective wafers PW

from the top TSGR pdtee | Rurher hofdithe piepReRWNRr 6OrBechheny| 46i ng

dummy waf ers dalydin towehavacant the! dhuter PasEsSindthieod ehattapnbet wegn the
waf er distribution patterns and the process recipes (processing

condi tions) SHAPLse eRpiarhive Wi eFsocdsstrienbedi 4@l ublee medezsnce

reference premeasiingdiempopatuess Ihs Ihapd 13 Wigh 1ochdndiyidughly for
the heating zones to be heated by 2 1 MAR 2005 34 the heaters 105a, 105b
and 105c18f tHhe neaferg krat 189 i’ dhewnuprRerrgary. Wading t hennelr.

process is pardueivmd i8iibe fkay bhgylat ¢hyode oL e, & espsghiye thgmal
outputs of the heaters 10%a to 105c are adjusted 5 according to'the
(di stri buti on™AYG R elRafdrg. mapReRf Gnsd the rieHsI-RALt hdoadiperat ure

corrections inanrRatakaho M?E?Q&ifbéd‘!‘@ft‘?{ré@ 5&%&;@&&9&@%@%&1'@%
exanpl e, objective wafers distributed in the reference
Ta, namely, temperature corrections ATal, ATa2 and ATa3,

15 are determined for the reference distribution pattern
125, More specifically, each of the temperature
corrections includes three parameters specifying the
heaters 105a, 105b and 105¢ of the heating unit 105, and
hence each process recipe includes forty-five parameters

20 (= 5 (the number of batch sizes) x 3 (the number of the
loading manners) x 3 (the number of the heaters)}.

The CPU 161 executes the dummy quantity calculating
program 168 including the steps of calculating the
difference between the number of objective wafers to be

25 processed in a batch, and the batch size selected
according to the number of objective wafers, and
calculating the number of dummy wafers corresponding to
the calculated difference.

The operation of the thermal processing apparatus

30 in the second embodiment will be described with
reference to a flow chart shéwn in Fig. 11. A process
recipe specifying processing conditions for a thermal
process to which objective wafers are to be subjected is
selected in step 81. Then, a distribution recipe is

35 selected in step 82. The distribution recipes are

classified roughly into those for a full-batch



distribution pattern L25 shown in Fig. 10 are held in 10 the wafe? 3@% %5&
I n the upper-part |oading manner. However, since the upper-part g J
manner, the mddle-part |oading manner and the |ower-part |oading manner
can be specified, three tenperature corrections ATa, nanely, tenperature
corrections ATal, ATa2 and ATa3, 15 are Fetermined for the reference
distribution pattern L25. Mire specifically, each of the tenperature

-corrections dnstudbatibhee mlaNehalS SHESid Vi et hey heabeis 40B3+ci05b
and 105c of the heati ngeunlt 105, _and. hence each process recipe Includes

forty-five pdtShEiBRELSR Mods. ( hEE nﬁﬁﬁerf"@fl'ﬁ@ttﬁh Gieyikuigiqn heodamber

of the |oadipy S8IEEELEN, X €hét erdywlie’ fed hehegieps) gz, The tEPUE1
execut es the dugng;fsuant ] ty calculating_ program 168 I ncludi ng the sfeps of

cal cul ating £hexi FPF‘@FFBe Peided® t Beleghes, othebjrragxsam wagbess to be 25
processeds i ng@eBagah, and the batch size selected according to the nunber
of objective waters, and cal culating the nunber of dummy wafers
correspondi ng to h@ncéihéulfaﬂédhi’iticg'er@rﬂﬁ@lmi@%@m¢ohsoiseitheteﬁer mal

processi ng appar ser 3%h+R 448 aseﬁaﬂlsﬂb%'aﬁ%aﬂ | S PELBSET I, ?8 with

reference to a flow chart shown 1n Fig. . A process ecl pe specl y| ng
processi ng cBhdi QUiHY fwrfers héf’lrréilhatprm intohitble otifest ibeataldis are

Lo be subleckgd te splenlfdl pActkehsd  oT080c;@adil T AU ol feEhpai o 95

selected in s The di'stribution reclpes are assified roug nt o
those fo¥0a %FI‘*EHP@P}OE PoRiER s20e% ted dirststidmtslon smcke asndthdaoﬁeller a

f1exi bl e-bat ghfli %ﬁrs't@itﬂu@ldifp%dé fBé h$h5ﬁ“ Path_ d|8st r%(puﬂ)g nge i's
sel ected, the program goes to step | exibl e- ch™ hode
'sel ected, th¥2fpsgra@@§oe??oing §t eﬁu@y Wesdade sttaitle- bat dfhegi, st thbut i on

mode is sel ech§dotilBe Wodsks Cahnyi ik ”EE%QJ S AG | 9848901 §&{d Veppafers
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 84. The operation in step 84 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 L25 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 cbjective 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 patterh

35 130 is selected in step 85, and the number of necessary

dummy wafers 1is calculated in step 86. The number of



and dummy wafers in that order into the wafer boat 127 by the | o@diingaR 72505
procedure specified in the full-batch 10 distribution node selected in step
Si, such as the full- batch distribution node B2 showmn in Fig. 8, to |oad
the wafer boat 127 in a fully | oaded stgée. Then, the objective wafers

and the dummy wafers |oaded into the warer boat 127 are subjected to the
thermal process. 15 Although the full-batch distribution node is used, for

exanpl e, for necssHm®nandempf 0cesterd heisanBqiaY beousede f o firflecaciual
t hermal pr ocg)'rs?ﬁm VWhen _t he process _recipe selected in steg S1 _specifies the
f I exi bl e- bat &% i Ui SrSY3edsly peruntedonumbere if ehenabigatd viene

nunber of objeddre Maf ahdl ithsehemes b P Rhrdik ﬁﬂ@{—_ét rRnli Felf €p S4
makes reference.to the batch size table to find a batch size i'ncluding

the nunber of¥% HESHHRFRTSRCINH T IdBtkY BRLteHE Ifint &0 183.5f GRSene of
the refersncendi shurbdus idn mEAdRF Mmkip ¥PrdeldS0 s SUPROSKH thafg L hey

counted nunber of the objective wafers i's forty. Then, the reference
di stribution SFR e LoFHs d@fan edpEng: mechanissr 168 t inwerhitest | ve

wafers is i ngdedadiiidy acakc | f OL 4 t t Y-Sl d
fifty. 30 The foll C;I'vl\}bng exgl ra:bno;%?nl Wéf?ﬂggb%%gga%\&fﬁgl Sgggu)r{r:prt%‘lﬁc%ﬁ%{}hat
the counted FgffdeldeY hb3bbfecdivbrifyter the forty, obidcthvebardersi ze is

for nunbers Metwge ntéﬂ\ediﬁﬁﬁﬁﬁdysi %af‘@fls f bt ¥n %hwaf rfe%{)eégei t&itslt%g:éigﬂto ern

specified by the reference distribution pattern 35 I's sel éec in step
S5, and tfe ma@ErOf LicedFagy d0Mmyinafthe ikokdinwl gaxts nist exh®6. The

nunber of 2 1 YRR PPN 3k NQHESIRY Yo RUPY, Is;1s equal to the difference
bet ween the previ (;.?udsjly count ed nunber of t%%é gbzﬁe'ctive waf ers PWand the

nurmber of the hol difRF§FANCE riRuPpdd toy the dehmy emefedi stisitiibudriopat t ern
LS0. In thisGase, stdidl NWBGREnAE NGEEASALYs AU A S di%t¥purdda™ 10
p S7, the wafer_carrying nechani sm oper at es
pattern L350 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 LS50 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 88, 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 baéis 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



according to a control signal provided by the transfer control . %ﬁt %}85
distribute the forty objective wafers PWand ten dumy wafers

reference distribution 10 pattern L50 (Fig. 10) in the hol ding parts in the
hol di ng bl ocks of the wafer boat 127. Reference is made to the dummy wafer
distribution rule stored together with 3he reference distribution pattern
L50 in distributing the dummy wafers DWtogether 15 with the objective

waf ers PWi ntemsBbrhel¢kag i o t r t waf ers
PW and t he dumn% vvglue%s D\/\/ag‘goracﬁlglﬁf odﬁ& Jégg aggl%%rg gigisn?‘rg%%}éﬁ fBR rul e,
noni t or waf ef$ rMAF8r e3pFac@d i arehe thol benQCparEStédr byontempevaters MV

As shown in rengg »20 tri at n L50_i ncl udes
three mnltorgb%gségloh%v\/ /'?ﬁf u%g"er dg}l<§ Ali ersgﬁgv L]%Fe ERHETRAFE 5)
and el even PéREriBUMAPRnIRELSTDWLE0 €. Thewo, ljpfpmrhwt:rrag dnity vabers and
nine |owes s duragy r t t fer boat 127 with
the sixty-ei Ejﬁ?b% waf ‘é‘L’r@éE ?—heﬁ%og%leelt’%\g/% cirﬂ%qg 53%%% NP ERF%r 2hoat
127 into thePregessdngt ubenipkraturest epTSSATILI;Ie m2t-@Am20r Hid t hesfgagti on

tube 141 1is red ratures specified in_the
previ ousl y sglggggs 13’%% ess%tfﬁg{:?pgag nggt"ngerﬁ? gu?%’%”%???ﬁ%’c‘?%% in

the process thei pdeartd ngor nuvittesd al:@badl nYyo5Sbo el batosy S|li’£vé1ndbéale

di stri but t f PW det d the b f
pat ch o ze. - SaAPERZSRLEE, ehE GRS SP RO TV ABK: cB2 B2

correct eP t eapdr afliFég3 Supqmq:mdﬂiatelime higted | r@ré@@@érr@ﬁzé@rrﬁﬁgeagé ng to

t he heating the h at 105 are to be heated
at desired ZB%E%/%R%%%O§§; tenperatﬁrgge s ?é’ Lot iR sihed
't enper at ur esreFetidp areEsEl arand othe Cgﬁ‘s’ﬁltQﬂebﬁlts&ﬁﬁQ@%HUrﬂ-orﬁotﬁQCt i ons

AL1, AL2 d feren di st.r,i bution pattern L50. Then, the
heat i ng u(ralllntsé%ggg'g{.l eﬁan%glééauﬁlcgattrlf%gp’lé%??‘g’é%oﬁﬁ‘l A% e5eRAEL9Bnes at

vaessel to a predetermined processing pressure. The

15 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

20 are processed under processing conditions determined for
the batch size of the objective wafers. Therefore, the
frequency of using dummy wafers and time hecessary for
loading the wafer boat 127 with wafers can be reduced.
The series of automatic operations for the selection of

25 the reference distribution pattern acecording 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

30 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

35 regardless of distribution patterns ; the objective

wafers PW can be processed uniformly and products of a



processi ng tenperatures T1+AT1l, T2+AT2 and T3+AT3, respectiverQ @Q3Ef 4B§
heating zones corresponding to the heating units 105a, 105b and*l ¢Ainaif
been stabilized at the processing tenperatures T1+AT1l, T2+AT2 10 and
T3+AT3, respectively, the predeterm ned ocess: gases are supplied at
predetermned flow rates into the reaction vessel, and the gases are

di scharged fromthe reaction vessel to adjust the pressure in the reaction

vessel to a phedersr Mgned iRFOCess NBePr esodited NErdh ORKhEct p¥8cwakeans thus
heated are processed by a film deposition process, i.e., a thernal

r
process. As Rgﬁ?f"&’ré"& IBREs it nregrr ¢t faPfpibeetateh sifmuraf ukhen the
second enbodppgelteae WaFe@w! piy .t hermal process in the flexible-batch
nmode, the objective wafers 20 are processed under processing conditions
determned for thébBatidpEible oPPeRatépnef vEhgaftdiermatcPEperEsinge

frequencys of aggiaia tdeMs YRS i1 hd 4B CCLHRAF YA QT Ful P3AL RGN Rquaf er
boat 127 with wafers can be reduced. The series of automatic operations

for the sel ettigh ofudbyt neoads ertdirce vaifsrr i BertFonl at it asbdeeriyeto the
batch size of;¢lect byre juaf ﬁf_Eh PWottl'heoﬁﬁ{%olsgi%' o lrs t BR Weégfrﬂjfngdumw

waf ers DWneeded to fill up the vacant I ng spaces in the wa oat
127, the | ca#PAgTst PHe Wdihetti vbeansieg s apW ayricante dodm}ngafRsstDWANt 0
30 the vl er theakuakeh Wodi o MR! RloLAll 4 %o FPEhaNhaRbA 308 ABp, ElUEG,! Oad

on operators and I ncreases throughput. I nce optimum process recipes are
prepar edl @ or vEers FRr sacdali BTe¢oss¢dn pat thrensflexprbedsatad| motdeve

vafers PWdi ghfjidput eﬁoé?lsﬂléhg:@@f &fa POAL Eﬂmwﬁ m Y35 4 eg@rrogilileﬁgc f

distribution patterns, ective wafers PWecan be processed unitornly
;and product s G tFiputigar I8 oprrespendbngt focdmeheoaradusire f obm t he
processed oOljLeldMe VA S L Wif egas d t chi sl f_t

obj ective m}{?ﬂ(}ﬁ s PW The f%exi\%vf'eg%%e%%%%gé%fggﬁg@%th%Fgggo%eggi‘:ﬁa

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 objective 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




5 apparatus is possible because either the full-batch node, ngl 2005
| oads the wafer boat 127 with objective wafers PWor with both je ﬁﬁ b
waf ers PWand dumy wafers DWwi thout |eaving any vacant holding parts in
the wafer boat 127 regardl ess of the nuggﬁr of objective 10 wafers PWto be
processed, or the flexible-batch node, ich | oads the wafer boat 127 in a
wor kpi ece distribution pattern corresponding to the batch size of

obj ective Waéﬁidaﬁ’il\bnyditheﬁbﬁdfbﬁﬁﬂéésStarti ng a batch thermal process.

For exanple, the full-batch node which 15 is often ysed for a mai ntenance
operation or the I$Re, 2RRAFSHi t SEAB st nELFEFOBPG hedeFe&iBHRDat ch

mode and caﬁc&baﬁing therha pReeef¥s itichitibn AWdraigh @ Yod hﬁ%ﬂ%ectl on
of the desired eratures has been described in connection wit

process reC|Bﬁlgﬂﬂm ¥e rRYRFeHZRAdi Kt¥i b i oR25EN: er KREEM2bat JPERESES, the

pressure § n thgar8aekkororessRl andcht Ngitdow Ll e HirdiR Pr 0684S GRses,
or heating rate may be chang for exanple, the reference

ed accordin
di stributi on°BSF?EPF|SoPaBaP@h rgd?gedzgn%é:hdnggb( Pty @ dee HAPERYEDnal
reference distribution pattern is a significant feature of the therm
processi ng apparatus in the second enbodi nent. The positions of the dummy
wafers are not limted only to those over and under the objective wafer
distributing 30 range. The dummy wafers may be placed also in the holding
spaces in the objective wafer distributing range. The nonitor wafers may
be omtted. The present invention is applicable not only to the thernal
processing apparatus for a filmdeposition process but also thermal 35
processi ng apparatuses for oxidation processes and inpurity diffusion
.processes, such as 2 1 MAR 20H 39 oxi dation/diffusion furnaces. As apparent
fromthe foregoing description, according to the present invention, wafers
can be highly




uni formy processed by a batch thermal process 5 regardl ess of the batch
size, and therefore |oad on operators can be reduced and througﬁZﬂuﬁﬁBaﬁmS
be inmproved. 2 1 MAR 2005 40 1. A thernmal processing apparatus conprising:
a wor kpi ece hol der havi ng hol ding spaces in which workpieces are held; a
reaction vessel for containing the wogkpi ece 5 holder therein; a heating
means surroundi ng the reaction vessel; a |oading neans for | oading

wor kpi eces int9 they wakkpi-ace holdes;ng la%tpfaf}a%@@ tahbeistiorage unit
storing a batch 10 size tablé including thé relation between™a plurality
of batch sizesaanertdra angrblesdetr werkipieceslincbudedcedn bat whesh a

di stributj ttern stor unit storing workpiece distribution patterns
on the bagﬁgkﬁﬁﬁﬁﬁgl%%gbgggﬁ’sizes i n which workpi eces are to be
distributed ia theawoikpi eceshelldefora cbstéalhtihigonthat tesnksekeet i ng unit
determ nin a batch sjze including the nunber of workpieces to be
proceé%edhgﬁdﬁrb&MﬂFqﬁmhaking reference to the batch 20 size table storage

unit, and sel egtipg+l i e i i uti LR C nding to
the determ ned bat ghlb% \gﬁe)egé&gé d%ﬁm%g\ll/%ﬁ(lﬁc%ﬁﬁug%%itzﬁigéla%%ﬁ%?hg means

that conparesat Headinber tefangr Kprecksad bnge wrogessedsi nint2s ahlgat ch and
t he nunbe&oo& @p&k H§qﬁ§especified by a sel ected workpi ece distribution
pattern, and“Pcaicul'ates t he nunber of durmy wor kpi eces to be placed in

t he vacant workpitece-thokdizeg SPBTES JHbBagdOikRirecer Bekidionas r e@icem on the
basis of the result 30 of the conparison; and controller controlling the
| oadi Hy nBaRE &tite 1Bgdisisra theewsEdEitec@ dPsErER® P paEBAT Yand t he

of batch sizes and the numbers of workpieces included
in batches;
a distribution pattern storage unit storing
workpiece distribution patterns on the basis of the
15 batch sizes in which workpieces are to be distributed
in the workpiece holder;
a distribution pattern selecting unit determining
a batch size including the number of workpieces to be
processed in a batch by making reference to the batch
200 size table storage unit, and selecting the workpiece
distribution pattern corresponding to the determined
batch sgize;
a dummy workpiece quantity calculating means that
compares the number of workpieces to be processed in
25 a batch and the number of workpieces specified by a
selected workpiece distribution pattern, and
calculates the number of dummy workpieces to be
placed in the wvacant workpiece holding spaces in a
workpiece holding region on the basis of the result
30 of the comparison; and
controller controlling the loading means on the
basis of the workpiece distribution pattern and the

number of dummy workpieces.




nunmber of dunmy wor kpieces. 2 1 MAR 2005 41 2. The thernmal processing
apparatus according to claim1, further conprising a process recPp¢ MaR 2005
storage unit storing processing conditions including values of paraneters
of thermal processes and 5 processing procedures, and a processing
condition selecting nmeans for sel ectang processing conditions fromthe
process recipe storage unit; wherein the value of at |east one of the

parameters of gach ehet henthanmal pRREASSESG | Sapd&r-detier nhredrandhe basis
of a batch size. 3. The thermal processing apparatus according to claim 2,

wherein tRe pracdss rkci péustdeage WMPTicones & IReRtes35 Femp@catures in
the react E?Br‘é‘é%sebn%d 985t hgw %ég{:gés&%gt hc?o{?ﬁﬁ‘ér{%kegr Sy nf1 16,4 her mal
r g~ to clarm er -conp g a

processi ng appar atus accordin - fuar risirn
di stri butvenugattepfi 20paeainpe esad ecbifng trammatlhat psbaees=dal | abat ch

distribution pattern reciges speci fyin fullé | oadi ng the workpi ece hol der
for a thePhBCSHUCEEs, PRRASE % xi e baf c h PHOSISS HIRT onCSBEELE NPT eci pe

speci fyi nge1lkeadi bl VOT kRjrece el dernd n B-WoLkpi gge 2sndiistid-uti on
pattern corresponding to the number of workpieces of "a batch, and selects
ei t her th&rpm [theppepcepst Fekbddicors para@enunéti;pe or the flexible- batch

distribution p rn.recipe; and . the contrqller selecting th rkpi ece 30
di stribution p§§%gﬁﬁjby %ﬁe dﬁggfﬁ%ut?gn 5% te#%asgelé%F?ngoﬁegﬁgmﬁhen t he
di stri but perapaiticarsn re€i peactel ecfi ngHeanshaehadt s ghecttexsibl e-dat ch

distribution patterp recipe. 2 (. MAR 2005 42 5. A thermal processing nethod
of prg%esg?ﬁ&rmlne on the basis of a batch size.

3. The thermal processing apparatus according

to claim 2, wherein
the process recipe storage unit stores at least
15 temperatures in the reaction vessel and gés flow

rates as the parameters.

4., The thermal processing apparatus according

to claim 1, further comprising a distribution pattern

20 recipe selecting means that gstores full-batch

distribution pattern recipes specifying fully loading

the workpiece holder for a thermal process, and a

flexible-batch distribution pattern recipe specifying

loading the workpiece holder in a workpiece

25 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 gselecting the workpiece

30 distribution pattern by the distribution pattern

| selecting means when the distribution pattern recipe

selecting means selects the flexible-batch

distribution pattern recipe.




wor kpi eces by a thermal process in a reaction vessel by placing the

wor kpi eces in workpiece holding spaces in a workpiece hol der by & | fEdi A5
nmeans, and 5 carrying the workpi ece holder |oaded with the workpieces into
the reaction vessel, said thermal processing nmethod conprising: a

di stribution pattern selecting step of2 preparing a plurality of batch
sizes, each relating 10 to the nunbers of workpieces included in batches,

and sel ecting the warkpheeaadi styiRud ompather Aokn ¥hi Chrokbhe Weikpi eces
are- distributed in the workpiece holder,; froma plurality of workpiece
di st ri but Ferkpiaaes nSystaor eermad dbseeeBet iloh patieerdt Seor AGESES unit on

t he basi s, of e including_the nupber of th pi s. to be

processedb'né?%éﬁ%ﬁ,%géﬂﬁﬁ%%é%?E%Fe&&iﬂ%ﬁgp%§C§MQé}%§$§gS?%%ﬁ%ﬁ

conpar i nginhe snunberkpl ewer kpiet@srspési fied byatieg seheshed warkpi ece

distribution pattern and the 20 nunber of workpieces to b§H§£°CESSEd in a
pl&te

bat ch, > an§3TEAAH at iTHG t h¥ORFRISICDf AR Tor K ated t ¢ din

vacant wopkpikefie 104 di NgrSpaggs opchhe i psiiHieihe pasul t cokAhe
conpari sons, and a | oading step of l'oading the workpi eces to be 25

pr ocessedrand asel nml vt htdd crmpbers bfigdummy  wor kpi eces i nto the workpi ece
hol der in the gele%g% réﬁgé{&gutiogt attern b thg.loadin% nean%ﬁEG. The

t hermal procesSi ng netho accordina t0°%3b cI™ %?% t iPt hef g%hprising a

bat ch si zerdelarindi By S1epadfi tget eENMBH Hgha Hated, siezeronrhetiasi s of the
nunber of workpieces to be processed in a batch by 2 1 MAR 2005 43_ nmaki ng

r ef er éhce "o W cRUEPE st ébflpeWPﬁEP&&icﬁ@ a-nplufsr thr opabaher size and

e pu PG il pe el et ety LS Wiy
batch si zéh@efemcm'ﬂnphgcgtseppare‘ ?iistributed in the Workpiecg
hoider, from a plurality of workpiece distribution
patterns stored in a distribution pattern storage
15 wunit on the basis o©of a batch size including the
number of the workpieces to be processed in a batch,

a dummy workpiece gquantity calculating step of
comparing the number of workpieces specified by the
selected workpiece distribution pattern and the

20 number of workpieces to be processed in a batch, and
calculating the number of dummy workpieces to be
placed in vacant workpiece holding spaces on the
basis of the result of the comparisons, and

a loading step of loading the workpieces to be

25  procesgsed and the calculated number of dummy
workpieces into the workpiece holder in the selected

distribution pattern by the loading means.

6. The thermal processing method according to
30 claim 5 further comprising a batch size determining
step of determining a batch size on the basis of the

number of workpieces to be processed in a batch by




n

and wor kpi ece distribution patterns stored in the distribution patte
MAR 2005

'
storage unit. M

43

making reference to batch sgize table including a
plurality of batch size, and

wherein the distribution pattern selecting step.

selects the work distribution pattern corresponding to a

5 batch size determined by the batch gize determining step

and workpiece distribution patterns stored in the

distribution pattern storage unit.




