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[Field of the Invention The present invention relates to a thergnlUnlt °
yprocessing unit and a thermal processing nmethod which are suitable for a
thermal process to an object to be processed such as a semic r
10 Description of the related art ConventTonally, in a sem cmmmmmmm’mw -
manuf acturing process, there is a step of depositing a thin fil matsean
oxide filmonto a surface of a seni EBRELEIALIM¥ er as an 15 object to be
processed, or a step of conducting a diffusion of inpurities

surface) For these steps, a thermal processing unit such as amwmmmlm“mmu%
oxide-filmforning unit or a diTHERPSNPRACES BRET used. In suchyg
thermal processing unit, a plurality of 20 wafers, which are obj ec%osz*to be
processed, are planed on a holding tool called a wafer boat in a vertical
?Lr?n%embm’ aﬂd t hen | oaded i nFaecldoof the doNeRtheR called a process tube
t ha as been heateg to a high .t at u n I BR& DN PsedsEi

i ntroduced into the&’%a‘%’ﬁ% c&rﬁQ}agP'%!eLrgﬁ églag‘g?h%?aaa thermaln progesgéntgo t he
wafers is congdyit eshd Fi gthdrmstloywrcmeseingpinetivdd vrighe Are HarfaPler §0&ssi ng

unit that has_been conventional Ly used, Jn. .Fi 4 | Dg-

is placed on & ETBt aPEOSESA F§sia§1t aorP(?ee%ﬁeaff%erb% ?gggﬁévéiége%ﬁ%mnaiﬁ iaggiydé
30 surface of sambesidudtod aufeg.| ayer of the heating-furnace body 1. A
reaction container (process tube)is provided in the heating-furnace body 1
The react}®n container is surrounded by the resistance heater 4. The -

reggtei on cont aijngar hias a 35 pyddipticheoStthetnglatefl antouter tube 21
u . . . !
whose upper end i's gl osed, and an Trjer Lubg 42 bhstatled fansestEiaay v to

process, there is a step of depositing a thin film or an

oxide film onto a surface of a semiconductor wafer as an
15 object to be processed, or a step of conducting a diffusion
of impurities onto the surface. For these steps, a thermal
processing unit such as a CVD unit, an oxide-film forming
unit or a diffusion unit has been used.
In such a thermal processing unit, a plurality of
20 wafers, which are objects to be processed, are placed on a
holding tool called a wafer boat in a vertical arrangement,
and then loaded in a reaction container called a process
tube that has been heated to a high temperature. Then, a
reaction gas is introduced into the reaction container, so
25 that a thermal process to the wafers is conducted.
Fig. 4 shows an example of vertical thermal processing
unit that has been conventionally used.
In Fig. 4, a heating-furnace body 1 is placed on a
base plate 3. A resistance heater 4 is provided on an inside
30 surface of a heat-insulating layer of the heating-furnace
body 1.

A reaction container (process tube) is provided in the

heating-furnace body 1. The reaction container is surrounded
by the resistance heater 4. The reaction container has a
35 double-tube structure of an outer tube 21, whose upper end

is closed, and an inner tube 22 installed concentrically to



( a~2'the outer tube 21. The reaction container is adapted to keep its
airtightness, in order to forma processing space for conducting a process
to wafers that are objects to be processed. The outer tube 21 and the inner
tube 22 are made 5 of, for exanple, quartz. Respective |lower ends of the
outer tube 21 and the inner tube 22 are suported by a tubular manifold 5a
made of stainless steel or the like. A reaction-container lower lid 10 is
provided for fbemeutenl tybesl.i nfha tewetrionpeohnginér 1k thapred tel Beds.

t he reaction- t ai.ner wer lid 10 _heing freely opened and cl osed. A

rot at i onal shgg1E %i‘ ri%é g#‘gf’ﬁfﬁbl yoi r?fgfafegx’at %”Ke?’nt PEPCRRFIND nSRAC] hEor

reacti on- cont @ondnctimgr d | grobeysa o MrgHekisC-fHdt daggal clfedty S¥eh Be

manner that the 15 airti g[ht ness of ﬁﬂg ££act fon container_ i's maintained. A
s 2L e

lower end of PRECPEPET! orkl® S cthe) inpexr tybsgt PRgarechrd® sm

of an el evati of, mEohasxanplld,. gbartpper end of the rotational shaft 14 is
fixed to a turntabl oat E]il (obj ect-to- be- Erocessed boat),

13. waf er b
which is a 20 hol di %SPSS 1%% sﬁr’%’ét engy B prhrecutrr Fubap@dt @ndonthere

turntabl e 13 unaez babé-22sadatdupportelnBer a l2ubvidy %ihfb!doéas&)ﬁé&%;
wafers Ware pl aceileon the wafer _boat .11 1n a tier-like manner. The wafer

boat 11 i s mai&3dPiesy,s L theudike. 28 reaptinn-copisinerr baver nkidi pes

9, 3 are hor 1DOMIAIPAAEANGRE HerhebOUBI1POSLADIP S | NGUERLEO theP%e 1
order to iﬁ@trgﬁuce a,Ergcess gas for a wafer process into thelnner tube 22
of the realti SREcHRPALRLA. S%ne thes reactianceoRtaingss Bvwey Lick Thnbeiried t 0

a gas-suppl yi Fgedyr fendtPlandheBsedd via a mass flow controller, not
shown. A gas-di schargljg%FE{)i,pe 20 connected to a vacuum punp, not shown, is

connected to an uppér tianads ehRfFradiéf ol8 Stakablyh insewhesr ahata the
process gas i wefiteshapsreidd &p W&eﬁé%%&ﬁ&i@ﬁé&eﬁ.o&éi’%ﬂtfd‘dvitg"ea
at” a

I nner tube 22 to sgt 3%& ressure in the reaction contal ner
predet er mi ned "PERGELTE” L\b’scgur%‘?al 31Rextin a syl mep pMeobes f dthat the

sem condurs or awatesRthedd1dokhaboves dhiIHTBLoRESGRSS 1Y ga&htgﬁn%?' ained.
The thermal process for sem conductor wafers usi ng&t he above thernal

processi ng untOVEEi B | 9F c e st_tafiionad pshafthi Adr yisheconmeptadptof & he

thermal procegoitBgibdi fecRanssli &F §ﬁ98186aﬁfﬁbvﬁgéﬁﬁ$¥§ﬂ’1é%tIKH. per
processi ng stgggan cooling step. The prelimnary heating step iS a step

of prelinm nar fA a&%g"qwlpﬁéﬂ-ﬁﬁhaﬁ dedsi Faxedi to e ftumntabdelD3si A con
wafers are | osRgdr bt den t iedit-thhBePprssssidd 860 | Mmdiat ely after
the Ioadlgg S %RdgggtggoflL%ngjggégrgé be processed, is mounted on the
’

turntable 13 via a heat-insulating cylinder 12. A plurality

of silicon wafers W are placed on the wafer boat 11 in a

tier-like manner. The wafer boat 11 is made of, for example,

quartz,

25 A or more gas-introducing pipes 9, 9’ are horizontally
arranged at a lower portion of the manifold 5a in order to
introduce a process gas for a wafer process into the inner
tube 22 of the reaction container. The gas-introducing pipes
9, 9’ are connected to a gas-supplying source, not shown,

30 wvia a mass flow controller, not shown.

A gas-discharging pipe 20 connected to a vacuum pump,
not shown, is connected to an upper portion of the manifold
5a in such a manner that the process gas is discharged from
a gap between the outer tube 21 and the inner tube 22 to set

35 a pressure in the reaction container at a predetermined
reduced pressure.



In t'he next |oading step, the wafer boat on which the silicon wafers are
pl.aced is |oaded into the heating furnace. 15 Then, in the thernal
'processing step, a reaction gas is introduced into the reaction contai ner
so that the silicon wafers undergo a therpgal process (a predeterm ned
process is conducted). After the process to the silicon wafers is

conpl eted, 20 the heating and the supply of the reaction gas are stopped,
and the reaction ga¥e%hd ariheFERdr RFeeeshst e RETHCRgIpAteRevaors iufing
contai ner ar eyl SARRID G eBa Y B&cé”sél'ntgf Qanse Qése:‘ﬁé‘iéﬁehhe reaction
container is cooled (cooling step). Herein, recently, 1t has been requested
to enhance 25 throu%uthﬁﬁmad- ee@peeﬁdﬁexosemwﬁuettgn wgfem tUSJa'm:I ther i ous

i nprovenent s ie d E&QME

sem conduct or pr ocess vﬁou}%ﬁg\eﬁﬁl nf}'{neftlf)e?yi mgua Ity of

surface ofs t herekimigwmudiestingf at,ept e gﬂ'@t’elmmpdssnitﬂdeistsyineo ungtyoa

shorten tines I QN n ep a C p en,
84 Hg;e E&% 8F N3 Qﬁ%&: SoAEP LANfhd G ‘S?&.l sik tL

[ ?"l ?e t%e [ % the ary

in order to shor inmes o St eps, i S neces t he
heating tine and a heoaldaid sgepi ne. For t hat pur pose, it is necessary to
reduce thermal capagily e h ng .furnace 35 qrder
to achi eve rapid heﬂ?léng%tangar apl coo é|anr%thgl—bvv%\a?lé , i th% coént?/ nt i e%nal

t hermal proc epsehgunam,ly heating cehe hehemwedt |pmcesatag memi basefide the

doubl e-t SLIYC her pagit her i a Thus, .the
conventi t)iggl % pr ocessa}rr?g un i sgho%gréurgt 3{-'%6# @g% %r%%ea‘{ﬁlﬁ’a and
rapi d cool i ngst'e"pus,nmdmad:ehyemftmal tbet rﬂesamlngprstqssicrfg thet soidn cont
satisfy the recgnt request of enhanci ng the throughput of a sem conductor
manuf act uri ngwﬁ SUMVARY OF THE | NVENTI ON 10 An object of the present
invention is to prothdeha nhdvetr rmrbaqmngcmpr,rgther wafert tloddte drorwhiah dthe

heating and rapid COO|I |n V\/m yneve n obj ect. to be
processed sucﬁﬂ.‘é st |cosn Akar & ?g ﬁ)ro?/a%d Aﬁ’(r){tohék’ BF%E%n%f Hece-
present iX®&ention |§hen, athi ¢he tﬁemnaheprmd:es,ymrgewepg wnnteaa:mion tgaar mal
processing nethod, us rQces uni t, wherein er at e
control is ea% a’h'a vﬁh%l qdﬁ pag?l }eé) ﬁ@?g tfon ¢ ontaﬁnggtl §8I y ‘-?‘eve

This inventi onil.scent wafens mndeegsi Bg thermal() mmygesissi (1): paedetermlned
heat i ng-f ur nace bod ose EE‘P:%er end has an opening; a heating unit

provi ded on aR*PREPHE T ‘heating-furnace body; a reaction
cont ai ner consi sti ngfbérathe ngt-@césd)d:ocdﬂrteﬁisﬂdcbn whfeheal s ngerﬁpﬂréme

port ] on ROt heRonBerend B dRe Sty B2 (48l reBrbEra: e THRCT IRy uni ¢
provi ded aroumedt hhegaeadtsmhagaga ragxq)rapfy cgmreeatedggpmrtmnﬂrcg:mrdrth@ to
e et | or ity | ot R CB-E B BLAERe S350 B, SBEh Hhe
while the reaction container is cooled (cooling step).
Herein, recently, it has been requested to enhance
25 throughput of a semiconductor manufacturing unit, and
various improvements have been achieved.
In order to enhance throughput of a semiconductor
process without having any effect on film quality of a
surface of the semiconductor wafer, the greatest possibility
30 is to shorten times of the preliminary heating step and the
cooling step. Then, in order to shorten the times of the
steps, it is necessary to shorten the heating time and the
cooling time. For that purpose, it is necessary to reduce
thermal capacity of each member in the heating furnace in
35 order to achieve rapid heating and rapid cooling.

However, in the conventional thermal processing unit,



achteved. In addition, since a tenperature at the gasdi schargi ng-pi pe
.connecting portion is controlled by the first tenperature controlling unit,
particle generation at the gas-discharging-pi pe connecting portion can be
35 effectively prevented. Preferably, a gas-discharging pipe for

di schar gi ng | 5 atnosphere in the reactton container is connected to the
gas- di schar gi ng- pi pe connecting portion, and a second tenperature

control ling wﬁhbei$hprG@B@é&oarsgnﬁaim%rg@%%i§b%a¢@ﬂbkf1£q;§ styuckBrease,
preferably, the fipst te - | Mo, Uy d thepmgggsond
tenperature é%ﬁﬁrcﬁqﬁﬁ%%%Jn?%ﬁ%%%Eggaggg%k%%lbgg%on%%% ‘ed indepehdeﬁ??y. In
addi tion, in ddmrenidienapr dhermbly proddssigg iwniftor ked nat asubkrblsor £#Bn of

t he gas-di schargi ng: pi.pe co ct por t i ano f ge.d : at an
end 10 port i GFRF CRE G offdr eBll Uodllhy BOOHNEE | RBD AT ERE
portion of ththagmmeldimchesging- phpe cannecti matiefyi cheamgcehs fregugstat
the end portion of the_gas:di scharging pi . | cal : Vi a
a sealing ne re.nqaﬁ'ctlﬁg %5 e?ﬁﬁ?“é&& a onff)eaozrlg’egr?'gﬁégg{*%ﬁerl‘% &%}@e%%% Fgﬂge at
the end 15 pajditon of the gas-di schargi ng-pi pe connecting portion and the
flange at the end portion of the gas-discharging pipe, a third tenperature

controlling unit for controlling a tenperature at a connecting portion of
the flanges is provided. 20 FOSUEMARYI|GE THEc INNENTUIORNperature controlling

unit has _a liquid-f]ow tunnel forned 1n.the flange. .Altgrnati , .the
third teerature ot ng??iﬁg° nitg‘eha%r%?q’i‘é:at’rr}lvger%ﬁlgp s %%n?%%?ﬁ%%oei ded
in a vicinityceérmidle gdozeseingdSunit asidl tdlle, for trhpidaseatinefarhapidt he
first tenperaturge controlling unit, the second temperature rolli uni t
and the t hi r cCPHWRG aibr & r BREVERPSHA ¢ 18y gr’eaag:&ﬁpeda?oogg'%%%nté%l pgd

i ndependent | yprébdessist iSueh, adr &f eikidan walfergas- dsmdwadgi ng- pi pe 30
connecting portion s hent. .I.n the case, preferabl t.he . .

gas- di schar gi ng- pi p%"‘ég?ﬁfe(ﬁt?:’r?&tp&ft %i’ﬁ 'P?eSSH %‘?\3/ PERYIEE P 4 B8
degrees. 15 agdithiepfial pibeesbiyg thet ganddiss ctiregialy - i queessinge oie thgd
portion is forned in such r_that the gasB% di chargin -

connecting poRfed i Ehent E%?ﬂn%metwwsé?genaga fr SHFERE r e :e'(;rﬁature

cont ai ner. cofitrol is easy and wherein particle generation is

effectively prevented.
This invention is a thermal processing unit
20 comprising: a heating-furnace body whose upper end has an
opening; a heating unit provided on an inside wall of the
heating-furnace body; a reaction container consisting of a
single tube contained in the heating-furnace body; a gas-
discharging-pipe connecting portion formed at an upper
25 portion of the reaction container; and a first temperature
controlling unit provided around the gas-discharging-pipe
connecting portion.
According to the invention, since the reaction
container consists of a single tube and has a smaller
30 thermal capacity, rapid heating and rapid cooling can be
achieved, In addition, since a temperature at the gas-
discharging-pipe connecting portion is controlled by the
first temperature controlling unit, particle generation at
the gas—-discharging-pipe connecting portion can be
35 effectively prevented.
Preferably, a gas-discharging pipe for discharging



In addition, preferably, the gas-di scharging-pi pe connecting portion has a
cervical portion whose dianeter gradually reduces froma dianeter at an
‘upper portion of the reaction container. In the case, preferably, an
assistant 5 heating unit is provided in a_vicinity of the cervical portion
of the gas-di schargi ng-pi pe connecting poF’ti on. Each of the tenperature
controlling units is, for exanple, a heat-insulating nmenber. Alternatively,
each of the tahpesehare tontthsl |Feastdent scontaingr c@nppanegtad tesitdeance

heater. For e £k t C i ng itg h
flexibility. §REfscd |§7?‘ pibf ( PERALALIAG SRBEEOLY) MIatd) 2 ik
been forned i hewperatuyse contekrldicy wnitddist iprovided | aveynd othes gas-

t hermal procegs] t of an object e usi ad. I
processi ng unlaé';g&??]%é't er %ggebr ocer}snsi r‘fg‘gun{:%?hc%%%%ggsgyﬁea [ ng-%ltr}%:gge
body whosé uppemperaturzs awntpehlimg amtidatand uthd meoeondedtemperatiurs de
wal | of the h i i .body; ?@c{i n, co i c I St

single 20 tubggégﬁgaﬁnr%%?’%t&t %ée h%%.%l ng- ft(u%r %ngﬁ‘%%gjgleé) ng‘s?%%’?{éﬁ%’%}iﬁg- pi pe
connecting portion forreeflidionn uppetheordasen gfreflegrabdgct isonfiangai ier; a

first tenpera ontrolljing it vi de r d the gas-4di [ gi.na- pi pe
connecti ng po%#ftﬂg?é a%% a%hobjellélc?:'t -?8(;{ eé-nprgocfgsg:g% bc#z}[% %ggg%§§%%1 he
reacti on cont aoneecting [polrtiiog, armrcihest flharpe priscefcwmed t bé t @er remd

pr ocessi met had. co i sing._a sten of .conductin t.her mal__process.of the
obj ect tohe BroEhERcht pyPRodRE- St HEE EiTeun e NG S0UVE & Jre
controlling aeshdnper&tione off thee gsdischarging-pipe commectiing partionn to
a tenperature_sybstantially equal,to a thermal processing_tenper.atur.e of
the object to2®B %th ceé]ga%?,/e b?/qt rrgg s BF t1?1°é:r$‘|°Pst°ftceﬁ€%r§FﬁF TIRTBAG ng
unit. 35 Alteplipéi a8 Vhernetical 2yt comnectedl viar ankepl repswambgrnetirodhef an
obj ect to be processed_usi a ther r ocessi,n nit, the ther
processi ng uni thcPﬁﬂFﬁ .rhg[’heoﬁi g?if?ﬁ‘%tac&é’eooog Wﬁ?s@ et‘En:en‘iti"en(fg1 n
openi ng; ¥5 hepbrhfonnibf [hevigiad-dischargisg-<eipenl domfedtdiaghaairtighurame
body; a reactign ggnt ai ner .consj st i n% of 2 Fl r}?ﬁ[]e 5 tube contained in_the
heat i ng-furna(F o) §r:1g% %J S es@r‘n’grgf) 5-8Pp% c% au ﬁid‘s B?F?bﬂgf%lrl?%d %t an
upper portionthiréihe tempetature ontentwsllimyg ohjredt - tforhe- ¢oroneddasgboat
arranged in the reaciion cqntainer

for. hol di ng.an object to_be processed;
a gas- di schar §FRgSPPEE R0 c?edc?'anﬂ%'ltrfge §8§-gﬂ?l§cﬁ’aér ging- pfgin‘g?ﬁmé‘&i ng
portion, for grsobéeging atnosphere in the reaction container; and a second
DT U SO o Bl by e AL el AR SRR B e
process of th&aebj ect Liogquobdpflsdasged tynmelansfofmdédie haat ithg unflangend
Alternatively, the third temperature controlling unit has a
heating unit for control provided in a wvicinity of the
flange.

25 In addition, in the case, preferably, the first
temperature controlling |unit, the second temperature
controlling unit and the third temperature controlling unit
are adapted to be controlled independently.

In addition, preferably, the gas-discharging-pipe

30 connecting portion is bent. In the case, preferably, the
gas-discharging-pipe connecting portion is bent at an angle
of about 90 degrees.

In addition, preferably, the gas-discharging-pipe
connecting portion is formed in such a manner that the gas-

35 discharging-pipe connecting portion is integral with and

extended from the reaction container.



a step of controlling a tenperature of the gasdi scharging pipe to a
tenmperature of 150 to 300 C, by neans of the second tenperature controlling
*unit. 20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic sectional
view showi ng a thermal processing unit according to a first enbodi nent of
the present invention; 25 Fig. 2 is an enParged view of a main part of Fig.
1, Fig. 3 is a schematic sectional view showing a thernmal processing unit
according to a secotn eaddidiimnt ofreflecaplysenthenyvegasi-dbschanchiFigrpidei s a

schemati c sect, AVANC! . Ng 3Q ¢ [-onal [ [OCessi unit.
DESCRI PTI ON #%%@F&@%% N%hﬁggé‘r?g‘lsér\laf ?8? ‘,L‘i%’?rbrrg’%‘f’%%nt"?%?%%ﬁe
present invengradualillyl redudescfrirech wiidmateireaénae tppéhepettimmhed the
drawi ngs. 35 {,

First E i_ment) Fl.g. 1 1is a sche | c sectional _view
showi ng a ther?éff’élpornocr:ge)%%angeﬁm t I%cc%%di?%s%’o %rq’%]‘?rrsg?’tlgﬂb@dﬁ AP he
present i Bvenhéatingl heniberiml ppovidsdi 49 uai tviefinibe espodhaedeadali ses:
a furnace body 1:.. a pr ss tube 5 .of 5 a single-tube structure as a
reaction conté?’ﬁ%’rorhﬂfg%g‘gdg?ﬁ" ’rFecWﬂJrggépBB%yc‘i’?n%&dﬁ@- BPEELSR gi ng- pi pe
connect i Ing plort i on ﬁaax;eﬁdedué rQ?nbbﬁaﬁlﬁﬁ@e]?%nﬁﬁbﬂlﬁn%aﬁﬂlﬁ%sgaﬁﬁj S&aar gi ng
pi pe 7 close connected to_an e ortion. of the gas-discharging-pip
connecti ng po%i‘ Y. ioh??ltﬂfés“lqﬁéﬁr?ﬁl meReEssi MY e tavelve @grﬁgdf’%ent,
an upper end thet heefpgramaebodipntrbdsing opeitsg.islhe fyrenidi@ampiegovar ed

with a fyrnace-body lid 2. A central portion of the furnace-body lid 2 is
provi ded M t hTEF- DB §S2ERTt he ot her hand, an upper end of the process

tﬁbe 5 ]E)rotrudes t OFdH émrpl@)eeaaﬁ-dfsehﬁrﬂérmr?ajtfneecaaﬁeﬁé{jmgoafrﬁiten 6.
Thus, after the prqQcess.tupe 5 is arranged.in the furpac 0 1, the
gas- di schar gi @§pif§§x&g’ﬁié€¥i ng %ﬂﬁ’l”@ﬁ%’eﬂ%neﬁaﬁ‘es° hé‘i&pe Tt Re
furnace-body tbftroNdirghahitEends et forthedlihto (OEHpR Wt Adtiitce.
furnace-body lid 2. _Preferably, the 20 furnace-body lid 2 is fornmed by

combi nation of a pl GRaPARtHPR 4 FGaptE/ B i85 A2y ddiaifiadc PIREASSLNG

(heating 1gi t hethod idBt anl edbjastdete Bd | prydeasadof ubheg f W nagRhady 1.
The furnace body 1 is placed on, a gg;%gl ate 3. BX neans of, the 25
resi st ance heRFeFeSingeufiknathen 1 s Preseeding 4Ypdht issdudingio8 C

whose t enper ahgatingyfdraadel f86d@Nt whokaeatppdier Bl PHAE €$$eSopening; a
heating unit provided on an inside wall of the heating-
furnace body; a reaction container consisting of a single

20 tube contained in the heating-furnace body; a gas-
discharging-pipe connecting portion formed at an upper
portion of the reaction container; a first temperature
controlling unit provided around the gas-discharging-pipe
connecting portion; and an object-to-be-processed boat

25 arranged in the reaction container, for holding an object to
be processed;

the thermal processing method comprising:
a step of conducting a thermal process of the object
to be processed by means of the heating unit, and

30 a step of controlling a temperature of the gas-
discharging-pipe connecting portion to a temperature
substantially equal to a thermal processing temperature of
the object to be processed, by means of the first
temperature contreolling unit.

35 Alternatively, the invention is a thermal processing

method of an object to be processed using a thermal



The'process tube 5 is a single-tube type of reaction container, nmade of
.ceram cs such as quartz glass or silicon 30 carbide. A lower end of the
<process tube 5 has an opening. A manifold 5a nmade of stainless steal or the
like is connected to the opening. At |east one reaction-gas introducing
pipes 9, 9" are inserted through a lateral wall of the manifold 5a. A
reaction gas for a wafer process is 35 adapted to be supplied_fromthe
reacti on- gas prreasthioondigitpestioe Qhen?l?¥ eRECFOFSERMt Unhkr IPGWEALPYY 20 i s

9 hernetical |y, f}ge%%q £8 bdyeinsld dlpddic gRal ol A végertihd} 1&g,

not shown. An"0 Be- procéessed boat made of quartz orizontally
hol ding a pl uheatltqg ofJnWaf provided agLRRr 198Fﬁ9erwé|ls ¢f &heeheating-

direction, is.arr aa%p . the rgggﬁ?éﬁ EBH%a?nerT heoRbl §€ind OCoPeaPrAegised
ge

boat 11 is arran heat -1 nsul at | ng cylinder 12 in order to prevent
heat di ssmpattdnefrcnnhai,Mr pmrtltbe othegltdngbfutnace bebgilﬁceséedgé‘éat 11.

The heat-insul,ati,ng cyl i nder bl 1 h

cause the obj drgc l?%’: er?r &Jz‘gese ° ée%@]f% rtgg ?g%g%% %le?atrtrnt abl e 13
i's connected poreismied i thealresiodfibnld¢onTabnent cnhailecgthabtbqumﬁsﬁét es
an openi ng prg%/) ed at aséentra RO 5]} a%;th t&qﬂ{aqqgrl on%&onhgiggﬁgl Qyer

i i Bt atABi 8

lid 10 and is pporte an el ev anism 16 while
ai rtightness bbjeatntai hedpbgcessmgnet |gaa‘-|d;|5d;hseging_5plm1ec@ﬁaﬁaleldng:°

mechani sm 16 i s adapted to support_th ce d o

such a nerther t?‘ﬁagagﬁ‘gl BEe! opbgﬁr ess':%%}ﬁég)ol}%%ﬁé ’r%réga eé{jarlljg;l d
vertical diregtnesphefe Thﬁmga&hdl S (deaicgiiog- plqmatamnaectl agdpomrt | oFe®ndphose
diameter is snualler han a maxi numdi a n f ess
tube 5, is fOttﬁE‘BeF?\ Wifth %°%ﬁg'l;‘n9hagg§'§e g |scha$lg%cppl geéec%lér%(e\hctl ng
portion 6 is dikepapying tgiped ext ended fromthe process tube 5. The

gas-di schargi ng 25 pipe,_connectin ortlon he opening of the
furnace-body lid 2 E:bgp?:'ﬁ??ﬁ%‘e Po‘i#??&é“? &ch&aa%;%e%’%‘&'g%n ' The protruding
part fromsghe furnage-siwegy dfi kchdattihg gaachdmahapgoc@qalcpﬁe o neleiecty
portion 6 is locat ed out si de.an_area t 4 he heating
unit. Thus, a %0 %‘F%ﬁﬁcgbé’t mﬁﬁ‘gsp? m%&l%gggté{'enﬁs o fall. Because
of that, as shown | & Fegep?2,ofi \dehtrohllmr ta f |t|emperemme$ atqfretbentgaﬂ'l i ng

unit 8a is arranged around a verti cal 5: of t s d'ascfoh rRé e
connecting pordisshaggiad PHPhd Z"brﬁer‘ﬂpeﬁﬁ PERi ¢ t ur tTo |ng

unit 8b is 35qH Ft&&QEdc&id)Uﬂiﬁr@rhﬂmr@oubmtngmnthe gas- d| schargl ngpi pe
connecting _portion 6. Thus, the periphery of the gas 10 di schar gi ng- pi pe
connecti ngoporti on 6 can be heated or heatretained in order not to generate

a great difference between ERIEFYDESERIPEICGN @FdHENDRAWENGE schar gi ng- pi pe
connecting portion Q? andl 1tserrpg(r: &HA’&cOfset&?tngi nvzt.)&gysl'gwitnaeap{:ﬂéﬁﬁl

processing unit according to a first embodiment of the
present invention;
25 Fig. 2 is an enlarged view of a main part of Fig. 1;
Fig. 3 is a schematic sectional view showing a thermal
processing unit according to a second embodiment of the

present invention; and
Fig. 4 is a schematic sectional view showing a

30 conventional thermal processing unit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, embodiments of the present invention will

be described with reference to the attached drawings.

35
(First Embodiment)



5 tube 5 as a reaction container. The reason that the tenperature
.controlling units are arranged around the gas-di schargi ng-pi pe connecti ng
-portion 6 is as follows. That is, when an exhaust gas such as a reaction

gas and/or a generated gas reaches the g%s 10 di schar gi ng- pi pe connecting

portion 6 during a process in the thermal® processing furnace, if a

tenperature of the gasdi scharging-pipe connecting portion 6 is relatively

| ow, the exhaust gEEgmey o algshempsidcaseehionpls el BAPYLRG- pi Prermal

connect i ng pgﬁ‘;&ggs:pn S Qnli fat s b AT | Eé f41 minRy DEubUIRRAEISoE N dHee

gas-di schar grng-pri pe Tonnect i ng portion 6. [f the undesired filmgrows, it

gradual | y bepoesentasirsentdent he Them thempeed] srpcesding t aifti | of pddis of f,

the film becanes I C \hi.ch ag%g?t .the siLd n the

obj ect -t 0- be- ie)rgllée,‘llie%l %oglg?rl\g%sér rag%gég% the p?bc%sgﬁ%ﬁ %&%ﬁ/}%& %Foﬁf)

avoi di ng 8 he aalsdwglerbitbenstrudimre Est a ergeartion cobbainet | anangdd sirBa, 8b

are provi ded, arou t he gasdi.schar gi ng- RLRe N ti L. ar der

for the tenp&ﬁ u%grB?‘c?hgéﬁ%%-dféchgr ggéﬁg%uf%%&?ﬁ%ﬁg’%ﬁ% pgg?l?%érzl ot to
fall too muchopitibnr éspezrtended hEérbmenpteat precads t keb@s Sai andody gHs+t he

process tube 5. Thus ener at Lon ,of the un Lred depQsi revent ed.
A heat -i nsul gl"isﬁaaﬁﬁ{"é;i BIPSr acﬂ'ggleg?[ar?gggﬁég?&ér t%a% eénlf{ssgmta‘%o?‘neafi r st
t enper at ure ahat gakldigochargingSpip8bcamnemigody poerthenvécinity of the

gas-di schar gi ng- pi pe cqonnectin ortion 6, | rtg.cul [ 1 1
preferab*@ that a &é’sﬁg}eaﬁ%@%;t glrglcgsﬁ%% 1é‘ttsu€h§§1f H‘ét Eﬁerrpmjérb% %r en
controlling wipdewx eRdobfethé ofwrznec dodge lehhschnobpéreiaig et &hei ogenimg
addition, the tenperature of the gas-dischar.gj ng35,pi n | poftion
6 is preferatlsy SygEed ¥ wat g}"r ?%%g%%&gl q:{e?‘.e;'turp‘e %%F%%gsgﬁg#ép& ot

t enper at ur e) .thEhFEarnace-bddyniidr2i iy pfoviigendttir en apenlingwaf@m sthe

pr oved. |n G FERY T AR HEPSESEn Bk RSB RaPEPSECURT FP ar e
general | ysar regigedeied §ae-dipfatiaigs hgsphge s connéctirg vipbetridroaé. 11Thes, t he
Ui orm OGPl We3egh HIES VBT EL Sy SARP O UARE el by 91O
control ling ufhd gis-alidchieghey-riget alonpectihgrportionpd Feamedrabasrtheing
L0 Ut 80 T RS ile Pobdh GRS 355 2TES BAAY e iR BAAP°E,
addi tion, theideaboeradywheha theexfurrmadechbdy tlist Zan Peefierablys ot t he
Tay be. & 2fcat BIETAARERAY Dath & VAP HCa R BB RS " s Rapd F3UBALFEY ¢ e
with t he shaperdiiiabgassisiedes gi Nng- pi pe connecting portion 6.

A resistance heater (heating unit) 4 is installed
inside a wall surface of the furnace body 1. The furnace
body 1 is placed on a base plate 3. By means of the

25 resistance heater 4, the furnace body 1 is heated to about
300 to 1100 °C, whose temperature may be different between
thermal processes.

The process tube 5 is a single-tube type of reaction
container, made of ceramics such as quartz glass or silicon

30 carbide. A lower end of the process tube 5 has an opening.
A manifold 5a made of stainless steal or the 1like is
connected to the opening. At least one reaction-gas
introducing pipes 9, 9’ are inserted through a lateral wall
of the manifold 5a. A reaction gas for a wafer process is

35 adapted to be supplied from the reaction-gas introducing

pipes 9, 9. A reaction-container lower 1lid 10 is



As the flexible heater, a carbon wire may be used, the carbon wre
Jdncluding: a wire-like heater-nmain-body fornmed 20 by braiding a plurality
-of carbon fibers; and netal termnals attached to both ends of the

heat er - mai n- body. Such a flexible heater nmay be installed by w nding around
t he gas-di schar gi ng- pi pe connecting porti &n 6 of the upper portion of the
process tube 5. 25 Alternatively, as the previously-shaped heater, a seal
heat er may beh%@‘%t,'-l‘ﬁi'é-ysé&nnﬁégﬁért%e? nkeven gl [9f ftheninagifokd dirownda
carbon wire ighopa-HfdelRr ghggg.shape, sandw ching the carbon wre between
two quartz glass plates, and heating the two quartz glass plates to nelt
them and fix 30 t hefitt PRIRctciorba-Rreeessedh pratiet bl nimasld shfipequarfie seal

heater made ofoguasdZy19hAS nLy | passi hid ity of _i_npurit.ies
cont ani nati on, “Whi chgal1 sygu?(t)agi e&f (%r %(ﬁsegaplrlgc en‘?fi r‘f;v&;r?%%onv.? PE aFSFHREe, in
order to d&voi dntepvrlsi dn 38 cvertidalat idimeckions pisef arabhgetio flesitde t he

unit in such r t te at ontrolling unit e si.l

12 arranged i ﬁrgﬁggﬁni % ) Asgé homﬁlén %JSG:CC'T%"F ei_grg?%ﬁ%‘?%gg\éa?'hafft Pregl

gasdi sch?r gi ngrpalpgaeatom:meg_ai ngepmixi.?rltaﬁ:ihg beglimSelanblangﬁﬁ ?ér@émutt&o
egrees towar rection o e process ube a. .

teanr at g re gﬁzié&b’ﬁ:%%ﬁéep & ﬁigl Sgi(;iog I)Q_Eiﬁln of;:rﬁfég]a%‘%ﬁrs ﬁ&&éﬁgﬁ;ﬁ%@: d(r:}_em_l Bgd
portion an esaiiassedr tpoa pe The e sullafi n Izalily boay

of the pr esg)lgggg 3h tah urrg_‘ Lon 1925, d/ or_ the %enﬁéat eg,gas r enai ni ng
in the exhaust gas are Cooled to De sol'i‘l}ﬁ_ i B 1577F t FAT BBATPBRICORE T hat
|brrpur| ]ty HI {Tprqaqsmﬁfboa'esililn ﬁdﬁat_}rqmi:yt i ?asrtaﬂéh.en, Thdae.tum‘ﬁuﬁlb{gy isl s may
e peel o , us e gonnect i ortion.is

| ocated j ust gggsggf'%iee%cg%{ec °9{a§-§88?gr 8%%§Ee%‘{]‘bo§"?’,e Fﬁ%agg?‘g?]trzlﬂ?%e&ér at ed
i B t hte ;:ongecpéngtmtéj. gam tnayemr;]j_aidh Prowdideelc taty aDtncér_h&-al_ portfiotnh of 'tlh'e

obj ect -t 0- be- processec at. i,ch may.cause coptam nafi on .0 e silicon

waf ers. There?S?cé',l?? FATFLBPE, AOWET ﬁ'&? 'tﬁl)e ﬂ?fg-ﬂ‘?sfﬂ §5qu?]1@1 pFyRPported

connect i rigs pobyi orarb isldwatingi N machahibar ee paiile! esiaightaeckal | is

directly on the.objectsto-be-processed at, even it _the rticles 20 are
generated in fnﬁéng% et %Pfg P rr?af%}?scd‘f:_?ﬁglﬁasﬁﬁ haPgi ngTPPpetBMtdds ng

portion 6 andmebbagybsli stéaris ngadepted’. ton atghbiren, the t BBject-to-be-
gas-di schar gi ng-.pi opnecting.portion 6 is bent . radjation heat fromthe
resi st ance heg’?gregge(% ?‘ﬁ%f ?ﬁgatl SN A FBRAST pEhat dh%%n°£:’%??'e'iﬂ'lb$'r each
a flange 17a poooessed oateld psrméovablef inha gestidsl kdr@ictgphpe connecting
portion 6,5a flange ortion of the gas-discharging

pi pe 7, a3 the gasgli]iégﬁfg%lg%gc%t@%.e—%ﬁ s,cctné‘ﬁﬁgwgup@%%bﬂ?r I's ® hei r
30 nmenbers ar diemeyer| st basllewvihar ef efabinum tdiemtdrpeft i20madh ey
O on 1 8 BB gSRUREE LA 061 120 Seas 1 SSC PSR L8 sner
5. As shown i gaBirdis@anding-papge cbractbingdpettide 6nds35%intigicadn waftht he
gas- di schar g'eng;g'egg?%&ggwweorgr'o%%s% 'l ¢ " a DA B Gy | xed
25 pipe connecting portion 6 penetrates the opening of the
furnace-body lid 2 to protrude outside the furnace bedy 1.
The protruding part from the furnace-body lid 2 of the
gas-discharging-pipe connecting portion 6 is located outside
an area that may be heated by the heating unit. ‘Thus, a
30 temperature at the protruding part tends to fall. Because of
that, as shown in Fig. 2, a vertical-part first temperature
controlling unit 8a is arranged around a vertical part of
the gas-discharging-pipe connecting portion 6, and a
horizontal-part first temperature controlling unit 8b is
35 arranged around a horizontal part of the gas-discharging-

pipe connecting portion 6. Thus, the periphery of the gas-



13 t'he gas-discharging pipe 7, via an Oring 18 nade of an el astoner such
.as a fluorine resin. A heat-resistant tenperature of the Oring 18

(el astoner) is usually about 300 C. Thus, if the Oring 18 5 is heated to a
hi gh tenperature, the quality of the Ori 18 may be deteriorated, that
I's, the sealing performance may be deteriorated. In order to prevent the
deterioration of the sealing performance, it is necessary to control a

t enper at ur e oflischemaingnpépeseonrectingonarigongé ranthe heptetho heat- a
fluid way 19 A ratyr.e. c r ' e 4k a
fluid for terr%%#%’tnsérg;q'gotr#%ﬁ Rgéc%a é%%%qgﬁ% \%g:te%? d?'kgév:g&%%%fg gﬁe
fluid way 19.aThiammpanadcurenpareund e the t gasfdisgjarylbgrpindaptetheatibg

controll ed suj J |t o] e Fnfin Zvod sl Yrlelsld
heater (thir ﬁ%%pae{} aéf tr]arngéjg‘{on e?'gﬁrug%‘gﬁ%n%?) {:@% Jln%lrér r ar%e%f atﬁ%’ln? A Side
wal | of tie ftabged B& aofrehbbigascatitedimargi ng pipe 7, the tenperature

di stribution can be,controlle C tel h -di.sc 1,ng _piL.pe 7
connected to the en'ghﬁor%aosr?rf gtnhr% e‘?%e%%@-e%?)ség %—r g?ﬁgf%ﬁpl} gﬁ%et%t F%S
portion 6 i s apramegddcdataural stied | gans-diisichanrghngspipe acommeqitimyg pottishown.
Thus, a vacuum can be created in.the .process tube and the remainin
reaction gas, -t & j'eqnefqi‘t%'@a’sgas%m& e 1V & B’gh%ff%%h%?%eaum?oﬁ?t%e
process tube. r@dctivi heygaanbasidfest , aa gemarxtcddenpgasat veachent ritid | R@asHNI t
8d is arraongeg. around. t he .gas-di sch [ﬁ‘i nga pié:ge 7.. Thus, nore_accurate

t enper at i cGhEFRAT LN PAPEC IFRRSFRE SCEFEEPPe SheRPet"d s pPEPEPERI ¢ used
as t he secondthentieedial roeeissahlyi figrnadd, SE Darapercattee cafttie gafs-t he
el ectric 30 hﬁgte{‘ i s, ea ef erabl.e that .t he rat ure of .t he

sy. It is eppe
Gas- di schar gi HGSENBESSA SHPn EPBRPRE Y CRTTFALY nd8 SPLEBOITH 360 G Mbr e
preferabl e teapraastr gasf e besdepozategdnaatpi pRe’ gas-dd8chardingrgdnpe of
t he above tenperature contral ven if, the exhaust  (di.scharge s 35 from
t he process FEBB“%C FEEHPBuGN Fﬂe%ﬂg-%ﬂ‘ s’tf'f?é’trdit&gfbfc"ﬁe C{%?g%%n e
prevent edi 8 hatinarthd ngag-dischalkgihg-pipd 4cgemestbirgd pertaiprundecedsarthe
deposit in the gas:di schargin | pe.7. The exhaust gas discharged fromthe
gas- di schar gi Hﬁgﬁf‘b’ée‘; Eéi’gOEEBQSbylg tF*: ,uaﬁg}’ ?S\Aﬁﬁéﬁef"s%(%nr'fg‘& ed
to 5 the gas- ¢igmhaegpsgl phfe. 7waed bhs £ilh ipegelld RELFQr thbefilkebeddmes, t he
exhaust gas (remainjng reaction gas eneragte as_ar. the |like) discharged
fromthe proc??g%f'ﬁi)% 5 WadCh IFﬁ'i’%’%’d’ dOLtl%a qﬂﬁ’erw@oé}.l)sl 0 gtq"e
pref erabl e t habjebe-todpeirroresaadebohitt Mtearsahigedg (tivé Sheyess atubehe
ot her 10 d of t gas-dischargin i pe 7 d a vagcuu u not__shown)
connect edfé]o (r%he &§§- FOHAPEi ﬁgepi%ﬁ’gv . pﬁggg?g%fi gﬁﬁ g%%?/gfjt IF%I"H‘"& to
t he thermal preaneeslhingnivnidls t Ba, emMivdiarent prohidéd npadoandr eshef dgase-

respective negg.%rcﬁa%&fn Pg:’!gel V(ca:!a n&8 :Erligo | lp%q:‘tggnneg N5 f order for the

temperature of the gas-discharging-pipe connecting portion 6
not to fall too much with respect to the temperature of the

25 main body of the process tube 5. Thus, generation of the
undesired deposit can be prevented.

A heat-insulating material or a resistance heater may
be used as the first temperature controlling units 8a, 8b
arranged in the vicinity of the gas-discharging-pipe

30 connecting portion 6. In particular, it is preferable that a
resistance heater 1is used as the first temperature
controlling units in order to enhance the effect of heat-
retaining.

In addition, the temperature of the gas-discharging-

35 pipe connecting portion 6 is preferably equal to a wafer

process temperature (processing temperature). Thus,



15 the first tenperature controlling units 8a, 8b for controlling the
tenperature of the gas-di scharging-pi pe connecting portion 6; the
*fluid-flowing tunnel for tenperature control (third tenperature controlling
unit) 19 buried in the flange 17b of the ﬂgs-di scharging pipe 7; the 20
resi stance heater (third tenperature contyolling unit) 8c arranged for the
side-wall portion of the flange 17b of the gas-di scharging pipe 7; and the
second t enperuanrifermidivt r of | itelyperatuges arafangee aladiegst herpsyedi sthamgi ng
pi pe 7. Thus,,.| h Leinities . .Qf t .kt n 25 effectively
prevent ed tha‘flt’éeﬁé i %S\étt?tbg féfmtglse a F%%%ée%gg%%%y ep%%t%l%s ﬁ%ﬁ%@g and
that particl emprevegbner aheddfiibivbheinnpie tgade | nthé nnanbeti @f, dutmyr der

to inprove th r . Qf control,.it i.s preferable to arrange
a 30 tenperat ﬁ?ég%’t ec J'|c(f¥llg a&%ﬂgg@%%#{g% SRS RS UREEFIRFE £Hd8Sssary
portion ofs eaofi kbebeafetoboatdltt fart ehpenal fioLmiont 6H| t&perstifed of
detected tenperaturge. In a sinple _wa t te rature, contr ol he
conducted in gﬁ%o"r’%ﬁ?ﬁ:se' vﬁatmlb%ptr?ﬁﬁgggtur -uc,sdrr:ﬁf‘(?l e&ghEne ﬁ%ﬁ%&?rﬁeen
set in advanceni8mdybdeo redirddi ment ) 15 Next, a second enbodi nent

according to the inyention. is explaingd. In_the second enbodinent, ,
arrangements of the¥ﬁ%aﬁeﬁ§l f'fg?’%} fﬁ?eﬁ%‘f‘?%’ﬁ"%ﬁ FHrAdnghanit

t enper at ure ceat ramd i BBeurhdrs zaxtalppant zad rsini t@fipddatuie t BeiERi11an

pr ocessi t enpe ure wiithin the surface of a substrate such as a wafer is
i mpr ovedﬁ%andggéﬁzl%%ﬁ‘aéfn lﬂg?gf?fd”fl%@aébgfzgﬁfe caused by ununiform
heating is prevent edrefdeabblier e Peetetshsg hehte®lid he Kepy modisnent
is shown in Fig. 3. In Fig..S ‘:[H:Fle S elements . as in Fig. /10 1 are
acconpani ed wPt FRFRED sHIES niRetuding fRaWet dTPurifieRe ok 2GR ¢ fbecof
is omtted. VWhehtéeeimirmee 4 leixgblad, hédeatat Tahabgl Reufd PEr&fi ke NY
portion 6 is forg&q L{_P\I\B.I’.d froman upper, portion of the ﬁrocess tube 5 by
reduci ng the HRERETRT WWgP}Benglalg%tJt POTLIRNG f WL FDh R aepPLirated
arranged ¥8 ash&pdj Cot mayt ben 0fhddteriasad AN - AR GH SsdvaHte
portion 6, that is, a Rortion represented by a nuneral reference 25 in Fig.

3. Ternminals 32B%8f & h&N8BRr 1° hP8t f1echePithi 9 yshaker ¢fe BiR si®é—t he
furnace body &#isdhabgind@ipei Eahndegimy pdrtidnmgy be heated by electric

power supplied froma controll.er, pot,shown. A plurality of spiral heaters

23 are uniformy a%nﬁ%ﬂ é]r%ﬂ%&et Ef&as‘é?vi%acl’aﬁ%"t Wapeomayibe jased, the

gasdi schar gi ngapbpe e@paedhichgdPag! i N wresbikdahehBer phairdlbiddy Forafed

spiral he erEVZS are adapted to heat portions ¢close_to the center of _an
e

obj ect t ocBERLRG | R atRPHH1Ne QfpeFREEPNst SHRSFR/ t RNhafetaloat
11 uniformy (eymRals calthuched htoespsit bAdt heesher hehtbhamMi-Adat. 0 be

processed W. _The uppger surface of the sybstrate 30 .l ocated on the
upper nost sta&é‘cgf atté%ﬂﬂ'%&?_ °F1 MY g’t‘f‘po’s'ﬁ? i Ry ‘_"l“dlng around
gas- di schar gi Rpepigas-d086Rsidit@y-pabei @dnfectdad bOrtOMROEi bE {thed upperf Or
di scharging the gt nos \%eg gas _in tjﬁ%s%zocess tube 5. In addition, the
upper most st a§&*6t°Ph PIRGEES 11 ‘he furthest fromlinear heaters 4a
25 Alternatively, as the previously-shaped heater, a seal
heater may be used, the seal heater being formed by forming
the above carbon wire into a predetermined shape,
sandwiching the carbon wire between two quartz glass plates,
and heating the two quartz glass plates to melt them and fix
30 them to the carbon wire in a predetermined shape. The seal
heater made of quartz glass has only very low possibility of
impurities contamination, which is suitable for the present
invention.
In any |case, in order to avoid impurities
35 contamination, it is preferable to design the unit in such a

manner that a temperature controlling unit may be easily



35 extending in a vertical direction as a heating unit for the reaction
.container, so that the tenperature of the uppernost Is stage tends to
«fall the nost. However, as the spiral heaters 23 are arranged to heat the
portions close to the center of the obje to be processed Wl ocated on the
upper nost stage of the wafer boat 11, unthiformty of tenperature within
the 5 surface of the object to be processed can be solved. For exanple,

each spiral bszapged3indis andtof: a tubul ar nenber nmade of a materi al

having el ectrical | ASUIA0 i OpRy 1 €5 20U R0l dslabl BN ALHAOPG | @~ SUCH

as quartz, and fornmed 1Tnto at ar shape; and a carbon wire 10 heater
arranged i n diechabolrg- pmﬂae:onnﬁhelnqtmﬂalloﬁ ¢ ishéeati atnan apgleRf to

quartz, but g 98" Y, '&@feﬁgﬁttsrqaaa ga\isearsguaxégge{oﬁ uaftmespr&egss

preferable that Tour sprral heaters 23 are arranged around the cervical
portion 25 oftubIeeSQasIIﬁS aditespergtuxe mha connecting pertiamof. tha gawfiti on,

at | east oneﬁﬁ_s Bag e#r%‘l?ir aE:Sﬁﬁ?gélr{ o?btgkgit |y grovghlie. i t h&ag.ase

assenbling a Gresd g operation ermal processing Unit have
no dr awback. dmmddgihgnplpe Fi ds Jowelre thamedthawi raf 4the smairp tboednt dhg

unit for heatlng the o e1f tosbet %ogg;%%\egoW&%%nraga{got%ge BeLQE

process tube B I near’ &r el nthe Caf Bon Wir & 1's prot ect ed
(surrounded) @s tﬂemadmangzmutme éxhamlset bassarentocietbrito deowelidified 1,

t he heat IS, ar ed in, a spir or circul r t uy g ound
t he procggs U tﬁ]e‘ ée&g%\r %ogﬂr@%t "%&hzbsﬁ iﬁ%%?eiegéer 4a
is arranged ttﬂuaﬂj(t;emtlron anTaaenaI tHer émpunittyf filmes prardss pedk &ff The
above heater 4a ha | herrra pacity n [

dynani c terrpe?eéﬁﬁ% ch%?ma% B st clsrhgghat £ th%hdc%etét%ezlrlﬁgagcggﬂcl%h bgs

rapi dly heat exbatdd apudty atawieed then ablmled:t-dm-btehprheaseed 4abocaa'-n btheasi |y
controlled. In the.enbodi nent plurality r

arranged so F2%GLEs ogﬁﬂef?r%e‘%r d&es ?’? u b%&&‘ec%ﬂﬁgd dgg‘?%ﬁéé h o%ﬁll

Fig. 3, Qfge ﬁdg_fwiﬂwmeltgrﬁ pbnécb-ntadweﬁd -@rrscéssedybdmatarwl'amyemayncausepper
portlon of the process.tube n a t1on, ar por;tl o 17
spiral heater$° 'g'@wiﬁ(? Nar? &h}? i AT P e 8?‘?| on g‘sefﬁﬁg%)erbcetsts Fube 5
i ]rr oL der to I‘pﬁéféﬁ&l@b{c&mﬁ:s the tgaqemeehaedlwmmﬁ embnneca:lhqw@prpooni on

of the waver boat If.t e eL-por.tion eaters 2 re La ating
5 uniformty tl?héeﬁﬁpe?np8f ’8 E%‘F 2 Bo ecsls?st Lﬂ?% s ll %&%&tgg

t he | ower - por én othbe altglest2ioabe-mracesged, Huedt, dewsl pafi cthef rantikdes

obj ects 1, be_plocesSed MATLANIGHal NcbARLONES AR Olort NEntAl gasboat
discharging-pipe connecting portion 6 and the gas-
discharging pipe 7.
In addition, as the gas-discharging-pipe connecting
portion 6 is bent, radiation heat from the resistance heater
25 4 that heats the process tube 5 doesn’t directly reach a
flange 17a formed at an end portion of the gas-discharging-
pipe connecting portion 6, a flange 17b formed at an end
portion of the gas-discharging pipe 7, and the gas-
discharging pipe 7. Thus, temperature controls for their
30 members are easy. In that view, preferably, the end portion
of the gas-discharging-pipe connecting portion 6 is extended
nearly to an extension line of the lateral surface of the
main body of the process tube 5.
As shown in Fig. 2, the flange 17a formed at the end
35 portion of the gas-discharging-pipe connecting portion 6 is

closely and hermetically fixed to the flange 17b formed at



10 of "the process tube 5 may be prevented. Preferably, each of the
.upper-portion heaters 28 and the | ower-portion heaters 26 consists of a
‘carbon wire heater contained in a quartz tube, simlarly to the above
spiral heater 23. Each of the upper-portifn heaters 28 and 15 the

| ower -portion heaters 26 may have a circu 3r shape, a elliptical shape or a
conpressed circular shape. The respective shapes of the upper-portion

heat ers 28 an&hehd3soRéscharging kiébeer’s Z6lanant -nivgpdd | medaumiieran of

t he upper-porgiggt%ﬁ?&ggsaﬁdfigﬁ%%\gﬁ&gti on heaters 26 20 may be

sui tably desi gned on a therma ati'on in the reaction container.
Accordi ng to the enBodiheat-reshetanhpeternpesattord r obfi s thasy,Oo-atagt hel s

particl e generat i e ive r nged. .l n _addition, since the

| i near wi rsﬁ 4531‘*:&3%{'%&%{}&315 gg‘%?é"&n#&ﬁpggﬁt 3)”3 tﬁbuél’fbbhi ftOTEINgG, k8l e
for rapi d heatBnyeabedr §pi @ ddghi rgmpenatuhe, etivediuehi tyc asE  etvenr d-adilriy

i nprove the urﬂgn%.gr 1t eéé}il??e ttl g hggtopéecﬁhs t o ke processed such as
silicon wafers. (I)g-%a%l ng q%hggf Feinafter: saeaﬁ'é‘t"%ogea OB TRY a
t hermal procebe deterioratedwafl eIn asdahj tot prévele phecdasesidnatisnnds he
above enbodi S I al | rst.,. the whole heating furnace is
prelim nary g‘gﬂ ea%%aﬁ@ alp%ggg | orrllé?’em:)lg'r at8r e"BreRATNi (¥ ¢ AEPERPL  Phen,
a plurality otemperzturavadfr a \Brtiba tdlesenlty theocesstmy 188 ama phced

on the object-tn-he-proce d.boat 1 he boat 11 i et in_the tem
e HET R gy TPnier SIPeTREsrg SOPEHAF LRSS ¢ he

consi sting of heat -1 risd
rotational beati thelflamge t1#b olindch- Fdubg- PO COagRTAVE BbRYASL NGsuch

mechanism5 1 ile. the system.is un] oaded qutside the fyrnace body 1.
Then, the pr Ogg\é\gb{:ﬁ%@gﬂ?%'ers,eglgy& tbﬁgu%bj %&‘? -#Jd’-‘ﬁ{e&aycggsedﬂﬂb%ﬂ t%e  and
t heI r Sacti on- temparareurd omﬁr thed f1@ngad 1t7bﬁ igr cucaq:ﬁ:A eduh® Sodr @oﬂi\e{]dmtécpallgy
seal ed to eac via the &.ring (not.shown). At this, stage, the gas

di schar gi ng p?BgEgﬁ%s ;Ié’t ! r?l(%'hnét‘ft ghovn f‘%\er%sd?sdjérﬁi Rgsisitanice
connect i nl%ﬁ{oﬁhe?berG(uhlrd;etpmpe_ mmﬁwb@?]r&xyﬂninﬁgejmt\mldce i&a?jwb ter?
opening o rnace.ho i s.open, e wa a covered by the
process tube §1Ic>§g1§ 6§8e§#ﬁt 8fa%§Fegg?‘89ﬁi ﬁlgé Bgsi[tf‘ﬁoﬁaﬁrgfﬁ%h?me
body 1 througkipke7| othe pampérmtwnie tdistiibogténbesy Be EbeProlld more

f ur nace- body Iig Za%es]c#set so as to surround the gasdi schargi ng-pi pe
connecti ng po?le ol *the process tube 5, which protrudes upward fromthe

upper portion of th&héurgaselidthaeding. Piwd erablasnneldeefur 8gcerHwdyend d 2
i s made %oa ggg;:i&[‘lsutaﬁang rra_t_c?.ricl, in order for the heat of the process
tube 5 ndi toPdissPpal ¥ oHdh *Fe%l?ﬁﬁépgp?r??oﬁm?’r‘%‘? | PARAONt fe 18 ange
17a at the endoppetted tf a mctdedSuni s cdadlyiay)-gpivReuannpasdj Nt BHwan 6
and the flang b at Qﬁ end portion_pf .the qas-dischargin ipe 7 are
connect ed Wi tﬁhéééhgo}'%er, a‘:‘dr'l_"(ﬁl e CF 83 %‘?:ﬁ'be'gteer%’é’F&Fﬁrg“'B%nﬁr g euni t s
8a, 8b, 8c, S8demmbnimgaremckiiomr ddw gde darhatgdngRspandorihCiliifg RAKt i on
6 and the gasidi P j I 30 Then, ,a,supplier of a fluid for
t enperat ure C(}S)%tra% %%@%n%é% eczlh?opjf%ceeﬁgl &HP&-’HOW’ ng tunnel 19 of the
flange 1785 Then, a3seriiley @fibddiment,t d Ssecond etemperature controlling
unit 8d is arranged around the gas-discharging pipe 7. Thus,
more accurate temperature control can be achieved. An
electric heater is preferably used as the second temperature
controlling unit 8d, because the control of the electric
30 heater is easy. It is preferable that the temperature of the
gas-discharging pipe 7 is controlled within a range of 150
to 300 °C. More preferable temperature of the gas-
discharging pipe 7 is 200 °C. By means of the above
temperature control, even if the exhaust (discharged) gas
35 from the process tube 5 passes through the gas-discharging

pipe 7, it can be prevented that any impurity film is



Then, - when the heating units 4, 4a heats the furnace body 1, the
tenperatures of the gas-discharging systemfrom 35 the process tube are
‘controlled within suitable ranges by neans of the tenperature controlling
units 8a, 8b, 8c, 8d, 19 while the vacuym punp not shown creates a vacuum
in the furnace. Then, a reaction gas is s]u‘g]pl led forma reaction-gas
introducing port 8 to start a reaction (thermal process). 5 After the
reaction i s copRerRtRd 3¢ anprbpecessaeddererit the Shepogsodischanaiag: i on
gas is stoppeﬂ-pghyan, a nitrogen gas is supplied, and the gas remaining in
the process t JE)e (the reaction gas and any generated gas) is discharged.
The vacuum punp conTheuexhaustr gase discherged fraput théeghsadi schangingt i on

i s stopped ang; t €4+1.S.C cot i V. t eps,
o process 1o PHRST 8 ol B0 eripr IR € ndil WA BA 18 Somdie ! O
t he i nventS onthé hgastdiisohargingapepei d angllasneodingnfons eot the Heke.

processed. Ho r, e | ect S I g.not |im edtqie%:e
silicon waf erifﬁk\ggt Fr%% %’ggéleﬁ%cgta guggﬁgé?tgﬁtﬁ? ergeaé"l%ég’ég gaBst 7512 aﬂ?‘ﬁl e)
20 Herei naft eor ahspetikek dianbarged tfemi rihent poocess expbai rfedmay feocess

tube as shown_in. Ei g. 0 u gl ass.. 100 silicqQn fers.were
mounted on a wa Jécrii%ogﬂl gn%%e%?g qﬂ%eﬁ{e;oﬁgl agr} ilnsla%r%éelr&%%sn}tﬁ‘aan}hg
silicon nitri deapi s bavanged bétwderess Ofange nmotasshdsm)siate dchen athenr f ace
of each sjidicon. wafer_.at a reaction tenperature of . 700 _C by using the
brocess tibe ShA" B UdthoSa S gl Bl BB A o3, varime e o(por
anmoni um gas. shben)asontiextedr gonghei sl schargihg ngigort.i on 6 was heat ed
to 700 C by neans of _a ccflﬁr?bon wi,re heater. As a ol arjson,.a siJl.icon
d y

nitride filmwas fo FErPPe SR S onATTHIE: Ri ndP8 dodti =3 ube
type of procepsotaseims sibwwnof nthe genboditterts, athieestidriperaturbe @farghes of
the invent! ony oLbelbPlc 20nBLAL" S8e QoSRTRLELS LOSeRLERS by’ Wdths of:
15 the first temperature controlling wunits 8a, B8b for
controlling the temperature of the gas-discharging-pipe
connecting ©portion 6; the fluid-flowing tunnel for
temperature control (third temperature controlling unit) 19
buried in the flange 17b of the gas-discharging pipe 7; the
20 resistance heater (third temperature controlling unit) 8c
arranged for the side-wall portion of the flange 17b of the
gas-discharging pipe 7; and the second temperature
controlling unit 8d arranged along the gas-discharging pipe
7. Thus, in the wvicinities of these members, it can be
25 effectively ©prevented that an impurity film as an
unnecessary deposit is generated and that particles are
generated from the impurity film.
In addition, in order to improve the accuracy of
temperature control, it is preferable to arrange a
30 temperature detecting unit such as a temperature sensor at a
necessary portion of each member, to conduct a temperature
control by using a detected temperature. In a simple way,
the temperature control may be conducted in accordance with
a temperature-control sequence that has been set in advance.
35

(Second Embodiment)



20 -heating to taking-out the silicon wafers. On the other hand, according
to the conparison, it took 230 mnutes. In addition, in both cases,

~particle contam nation of silicon wafers was not generated. ~rthernore,
silicon 5 wafers nmounted in an upper portion of the wafer boat,

no phenomenon of ununiformty in heati n915 21 CLAIMS 1. A thermal

processing unit conprising:

in

t here was

a heating-furnace body whose upper end has an

gpgnl ng, a heating Neaitt, @ csecteyl cbadimepitdacmerding the at%W&nFBPﬁace
ody, a reactlon cqn t f Rl £t ube. d 4ien e
heat i ng-f ur nace g tlggggasﬁ?iln?c’: aérégl%r?gl pI pe g%%ﬁectl ng porti ?I‘gl fgr %Q at

an uppfalr por themtimfy tind tr €act ithe ceactiiorr convaiined jangdt theypemperagure
contro |ng unlt vided arpound e isghar [pe. c eGh|

orti on. 2 ARy oRBLBH et (L350 BhP oty ok ClEeRAal
gas- di scharglpng:@ss&nbortdmmﬁza:ugyengnmhmphhee surfehe rafaceai aubsémraiener

i S connect ed

D> s nor afiEniatgiang. |
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is shown in Fig. 3. In Fig. 3, the same elements as in Fig.
1 are accompanied with the same numeral references, and the
explanation thereof is omitted.

With reference to Fig. 3, the gas-discharging-pipe
connecting portion 6 is formed upward from an upper portion
of the process tube 5 by reducing the diameter of the
process tube 5. A spiral heater 23 is arranged at a cervical
portion of the gas-discharging-pipe connecting portion 6,
that is, a portion represented by a numeral reference 25 in
Fig. 3. Terminals 24 of the spiral heater 23 hermetically
protrude outside the furnace body 1. Thus, the spiral heater
23 may be heated Dby electric power supplied from a
controller, not shown.

A plurality of spiral heaters 23 are uniformly
arranged around the cervical portion 25 of the gas-
discharging-pipe connecting portion 6, so that the plurality
of spiral heaters 23 are adapted to heat portions close to
the center of an object to be processed W located on the
uppermost stage of the wafer boat 11 uniformly
(symmetrically with respect to the center of the object to
be processed W). The upper surface of the substrate W
located on the uppermost stage of the wafer boat 11 is
opposite to the gas-discharging-pipe connecting portion 6,
that is, opposite to a way for discharging the atmospheric
gas in the process tube 5. In addition, the uppermost stage
of the wafer boat 11 is the furthest from linear heaters 4a
extending in a vertical direction as a heating unit for the

reaction container, so that the temperature of the uppermost



4. -A-thermal processing unit according to claim2 or 3, wherein a flange is
_formed at an end portion of the gasdi scharging-pi pe connecting portion,
~another flange is formed at an end portion of the gasdi schargi ng pipe, and
the flange at the end portion of the gas-di schargi ngpi pe connecting portion
and the flange at the end portion of theléas-di scharging pipe are
hernetically connected via a 22 sealing nmenber. 5. A thermal processing
unit accordi refage teadm 4o faldr dhe pesht |HowsvesneasfthesHiradgbeaterfe end

portion of t - di I 0g- i L s N ¢an h t
the end port !%énga%% Sﬁ%&ggégd?gcﬁ%?g. ﬁgggﬁ%%%mé‘ﬂflr té:?r’pgrh%t S,refék;agggfa
control | ing ulid dhjrectortor bel prgcassedpdr docateditom Hwnnpemgsosthrgn of

the flanges i i ded. : ' | [ : [
wherein the It‘?"sﬁ B%’Oeyle %%F aga?é %gﬁ{%qlﬁﬁﬁﬁ Bgag&gﬁ?%‘f&r :‘Jg\%\nh tﬁg t% iJ%Inrenl >

f or med i n5t hesudfauge of7thd dbrsamltopbecpsecegsadidanabeosdivgdto claim 5 or
6, wherein the thir

tenperat ure _control.ling | asqa A }t for
control provided i %Fvng?rﬁﬁ?/’ of*the lgﬁge.y%ée t%grn%%%%rsgge;g;'nggunit
accor d: Ing t 0 fubulefr ChemberS madé, wher ai nmhherial sthawimger sdlectrical -
controlling unit,. the second tenperature.contr ' ' t hid
t enper at ur e c’o‘?ﬁq]tﬂqJTanpﬁﬁP?rg}%Ea%% 'ti%aecf‘tt 8'% éggéﬁg%#%%rﬁn%%épgﬁgénth%y. 9.
A thg_r rralh pr ogesstia)g amd tfomear dimg t=0 tubplair chapes 2ntlo ag,cawmbenewhrehe
gas-di schar gi hg- pi pe_connectin rtion i.s_bent. 10. he | C in
unit accadi n]e’gq.t% Iﬁrﬁ?@e%\héaei e tur.lbular member. AI‘lIle haBerPLPCERR NY

those is not limited to cuartz, but may be another material

having equivalent functions.
It is preferable that four spiral heaters 23 are
arranged around the cervical portion 25 of the gas-
15 discharging-pipe connecting portion 6. 1In addition, at least
one of the spiral heaters 23 is preferably movable. In the
case, assembling and disassembling operations of the thermal
processing unit have no drawback.
In addition, in Fig. 3, the linear wire 4a is a
20 heating unit for heating the object to be processed W from
an outside of the process tube 5, and is a linear heater
wherein the carbon wire is protected (surrounded) by the
quartz tube. In the first embodiment shown in Fig. 1, the
heater is arranged in a spiral or circular manner so as to
25 surround the process tube 5. However, in the second
embodiment, the linear heater 4a is arranged to extend in an
axial direction of the process tube 5. The above heater 4a
has a small thermal capacity, and thus is superior in
dynamic temperature characteristics. That is, the heater 4a
30 can be rapidly heated and rapidly cooled. 1In addition, the
heater 4a can be easily controlled. 1In the embodiment, a
plurality of linear heaters 4a are arranged so as to
surround the process tube 5.
In addition, as shown in Fig. 3, one or more upper-
35 portion heaters 28 may be arranged in an upper portion of

the process tube 5. In addition, one or more lower-portion



t he' gas-di schar gi ng- pi pe connecting portion is bent at an angle of about 90
.degrees. 11. A thermal processing unit according to any of clains 1 23
*to 10, wherein the gas-discharging-pi pe connecting portion is formed in
such a manner that the gas-discharging-pige connecting portion is integral
with and extended fromthe reaction cont&’ner. 12. A ther nal processi ng
unit according to any of clainms 1 to 10, wherein the gas-di schargi ng-pi pe
connecti ng p@Enired hesterse?éi BAY berarwmnggtsia @ danedy ngridanl P§ theuces
froma dianme a per ; ROKL. r t/ ' :
t her mal procé@%*%%su%PpaagcégdP%gg?oeéIg?%?l%@&ﬁﬂggggﬁpgﬁJg%éﬁ?%%ﬁféﬁ%ating
unit is proviWidddated incaniaeWenfporitdoneplithe v beatfllhe
gas-di schar gi ng- pi Selply | Lon I [ all
according to any o?ﬁzlalns e?%pgg?ieﬁePééé%ﬁéié4T%é§i?égﬁﬁ§§§?u?%a%gh&
control i Ag umifdrmi&yhedt itheuluppeng poetben. of5tha precems pubeemaynheuni t
according to a&a&g&édplains 1 to 13, wherein the first tenperature
controlling un 'S a resistance heater. 16. A thermal processing unit
according to any ofIfft| ghes lbwer-portidwer eatéhe [Ri6r siré eapeanged £ heat
control!ing Ul 1 et Bnl el Yioshlis b B e a2 Sh driOhbed 88" U1 19
the lower portion of the wafer boat 11 through the lower end

10 of the process tube 5 may be prevented.

Preferably, each of the upper-portion heaters 28 and
the lower-portion heaters 26 consists of a carbon wire
heater contained in a quartz tube, similarly to the above
spiral heater 23. Each of the upper-portion heaters 28 and

15 the lower-portion heaters 26 may have a c¢ircular shape, a
elliptical shape or a compressed c¢ircular shape. The
respective shapes of the upper-portion heaters 28 and the
lower~-portion heaters 26 and the respective numbers of the
upper-portion heaters 28 and the lower-portion heaters 26

20 may be suitably designed based on a thermal calculation in
the reaction container.

According to the embodiment, the temperature control
is easy, and the particle generation can be effectively
prevented. In addition, since the linear wire 4a has a small

25 thermal capacity, the embodiment is suitable for rapid
heating and rapid cooling, and the embodiment can remarkably
improve the ununiformity in heating the objects to be

processed such as silicon wafers.

30 (Heating Method)

Hereinafter, a method of conducting a thermal process
to silicon wafers as objects to be processed by using the
above embodiments is explained.

At first, the whole heating furnace is preliminary

35 heated to a reaction temperature or vicinity thereof. Then,

a plurality of silicon wafers W to be thermally processed



the first tenperature controlling unit has been forned 24 into a shape
.in advance. 18. A thermal processing nethod of an object to be processed
‘using a thermal processing unit, the thermal processing unit including: a
heat i ng-furnace body whose upper end has .gn opening, a heating unit

provi ded on an inside wall of the heating-Turnace body, a reaction

contai ner consisting of a single tube contained in the heating-furnace

body, a gas- RERHRYAfIaHy- jha ahiaat-tg-berereressadndwatt 1dn uFber bpattion
of the reactipp ¢ent@ingh he | SdtdntBSIAILIACPE FAld | RO LN 1 ALY hged
around t he gas-di schar gi ng- pl pe ‘connecti ng portion, and an

obj ect - t 0- be-grBiered 2pofhearebatiendln ahadtr ddct the rtombiomsl Hearihgl di ng

an object to C ed,ig Ahe SESE 1 MheHHAG step
of conducti ngpfai taﬁgr??éﬁ% g?bojtcéelg:sttgf th ra(;%]gect to btﬁo%%ggggg e?/! %&é’ﬁ@ of
the heati g uhf twhidied thessgpten icomnlokbedgoutsimpdihet fuenatetibady 1.

gasdi schar gi ng-pi p n i i er r u dal ly equal
to a thermal procegls‘l‘lgér%{ld %thr?pgrgg?%%ge %‘15})% %eqo%)%e@c%t otgéybgh%rcggcie?ge&% %é/ nmeans
of the first mpeegesssduradoritl,oldnchgthani readt@ionkcohénimér pilowessilig et hod

of an object I Q( d LN ernmal .processi 1 t, the er mal
processi ng un-'itu?d Pﬁ%ﬁolﬁr%%%:ggatﬁ%%t?n%% D?enrg%é: 1%8%%%%‘[‘;%% °ereaecﬁ‘d Cﬁti-rggran
openi ng, a hewta ngheni O-pingi devtonshavnhsi deAtal thicf shegagattheg- i;asﬁace
body, a neaction.conf.ainer.consjsting of a,single tube contained in_the
heat i ng- S’r na%’ég%}ba}iy,l%g g%lsg%i ?chié'?ai b ;?ge(r:lonﬁ%%'ﬁcﬁ: po%?i gﬁ"% oPREd at
an upper portdbscleirdimg-pépet connectitrey neortian @bjofc tthieo precpssceabedsboat
arranged in t§E%.

Then, while the upper opening of the furnace body 1 is
ocpen, the wafer boat 11 covered by the process tube 5 is
15 1loaded into a predetermined position of the furnace body 1
through the lower portion of the furnace body 1. Then, the
furnace-body lid 2 is set so as to surround the gas-
discharging-pipe connecting portion 6 of the process tube 5,
which protrudes upward from the upper portion of the furnace
20 body 1. Preferably, the furnace-body lid 2 is made of a
heat-insulating material, in order for the heat of the
process tube 5 not to dissipate through the upper portion
thereof.
Then, the flange 17a at the end portion of the gas-
25 discharging-pipe connecting portion 6 and the flange 17b at
the end portion of the gas-discharging pipe 7 are connected
with each other, and the respective temperature controlling
units 8a, 8b, 8¢, 8d are arranged for the gas-discharging-
pipe connecting portion 6 and the gas-discharging pipe 7.
30 Then, a supplier of a fluid for temperature control is
connected to the liquid-flowing tunnel 19 of the flange 17b.
Then, assembly of the unit is completed.
Then, when the heating units 4, 4a heats the furnace
body 1, the temperatures of the gas-discharging system from
35 the process tube are controlled within suitable ranges by

means of the temperature controlling units 8a, 8b, 8c, 8d,



25 reaction container, for holding an object to be processed, a

.gas-di schar gi ng pi pe connected to the gasdi schargi ng-pi pe connecting
"portion, for discharging atnosphere in the reaction container, and a second
tenperature controlling unit provided ar o{y‘lgd the gas-discharging pipe, the
t hermal processing nethod conprising: a step of conducting a thernal
process of the object to be processed by neans of the heating unit, and a
step of contr¥htifg ther SRR PR f nPhe%@s"Gl seteatgisnp pvpeutm dn the

t enperature ofytRQ=d0 300 C, by neans of the second tenperature controlling
unit.
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wafer, but may be a LCD substrate or a glass substrate.

(Example)
20 Hereinafter, a specific éxample of the invention is
explained.

A process tube as shown in Fig. 1 was made of quartz
glass.

100 silicon wafers were mounted on a wafer boat made

25 of quartz glass in an alignment, and a silicon nitride film
having a thickness of 70 nm was deposited on a surface of
each silicon wafer at a reaction temperature of 700 °C by
using the process tube and by using a silane-base gas as a
reaction gas and an ammonium gas. The gas-discharging-pipe

30 connecting portion 6 was heated to 700 °C by means of a
carbon wire heater.

As a comparison, a silicon nitride film was formed
under the same conditions, by using a double-tube type of
process tube as shown in Fig. 4.

35 As a result, in the example of the invention, it took

200 minutes to complete the steps of from preliminary
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5 wafers mounted in an upper portion of the wafer boat, there

was no phenomenon of ununiformity in heating.
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heating-furnace body,
a reaction container consisting of a single tube
contained in the heating-furnace body,
a gas-discharging-pipe connecting portion formed at an
upper portion of the reaction container, and
a first temperature controlling unit provided around
the gas-discharging-pipe connecting portion.

2, A thermal processing unit according to claim 1,
wherein

a gas-discharging pipe for discharging atmosphere in
the reaction container is connected to the gas-discharging-
pipe connecting portion, and

a second temperature controlling unit is provided

around the gas-discharging pipe.

3. A thermal processing unit according to claim 2,
wherein

the first temperature controlling unit and the second
temperature controlling unit are adapted to be controlled
independently.

4. A thermal processing unit according to claim 2 or 3,
wherein

a flange is formed at an end portion of the gas-
discharging-pipe connecting portion,

another flange is formed at an end portion of the gas-
discharging pipe, and

the flange at the end portion of the gas-discharging-
pipe connecting portion and the flange at the end portion of

the gas-discharging pipe are hermetically connected via a
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()-210% () Yt%rgp/gf:a(tzureloécgntrolling unit for controlling a temperature

at a connecting portion of the flanges is provided.

6. A thermal processing unit according to claim 5,

wherein

the third temperature controlling unit has a liquid-
flowing tunnel formed in the flange.

7. A thermal processing unit according to claim 5 or 6,

wherein

the third temperature controlling unit has a heating

unit for control provided in a vicinity of the flange.

8. A thermal processing unit according to any of claims §
to 7, wherein

the first temperature controlling unit, the second
temperature controlling unit and the third temperature
controlling unit are adapted to be controlled independently.

S. A thermal processing unit according to any of claims 2
to 8, wherein

the gas-discharging-pipe connecting portion is bent.

10. A thermal processing unit according to c¢laim 9,

wherein

the gas-discharging-pipe connecting portion is bent at
an angle of about 90 degrees.

11. A thermal processing unit according to any of claims 1
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diameter at an upper portion of the reaction container.

13. A thermal processing unit according to claim 12,
wherein

an assistant heating unit is provided in a vicinity of
the cervical portion of the gas-discharging-pipe connecting

portion.

14. A thermal processing unit according to any of claims 1
to 13, wherein
the first temperature controlling unit is a heat-

insulating member.

15. A thermal processing unit according to any of claims 1
to 13, wherein
the first temperature controlling unit is a resistance

heater.

16. A thermal processing unit according to any of claims 1
to 15, wherein

the first temperature controlling wunit has a
flexibility.

17. A thermal processing unit according to any of claims 1
to 15, wherein

the first temperature controlling unit has been formed
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processing unit including:
a heating-furnace body whose upper end has an opening,
a heating unit provided on an inside wall of the
heating-furnace body,
a reaction container consisting of a single tube
contained in the heating-furnace body,
a gas-discharging-pipe connecting portion formed at an
upper portion of the reaction container,
a first temperature controlling unit provided around
the gas-discharging-pipe connecting portion, and
an object-to~be-processed boat arranged in the
reaction container, for holding an object to be processed,
the thermal processing method comprising:
a step of conducting a thermal process of the object
to be processed by means of the heating unit, and
a step of controlling a temperature of the gas-
discharging-pipe connecting portion to a  temperature
substantially equal to a thermal processing temperature of
the object to be processed, by means of the first
temperature controlling unit.

19, A thermal processing method of an object to be
processed using a thermal processing unit, the thermal
processing unit including:

a heating-furnace body whose upper end has an opening,

a heating unit provided on an inside wall of the
heating-furnace body,

a reaction container consisting of a single tube
contained in the heating-furnace beody,

a gas-discharging-pipe connecting portion formed at an
upper portion of the reaction container,

an object-to-be-processed boat arranged in the
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the thermal processing method comprising:

a step of conducting a thermal process of the object

to be processed by means of the heating unit, and
a step of controlling a temperature of the gas-

discharging pipe to a temperature of 150 to 300 °C, by means
of the second temperature controlling unit.



