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Field of the Invention The present invention relates to a thernal
processing unit and a thermal processing nmethod which are suitable for a
thermal process to an object to be processed such as a sem conductor wafer.
10 Description of the related artConventjonally, in a sem conductor

manuf act uri ngprocess, there is a step oﬂ-depositing a thin filmor anoxide
filmonto a surface of a sem conduspéedisiafstioas anl5object to be processed,
or a step of conducting a diffusionof inpurities onto the surface. For
these steps, a thermal processing unit such as a CVD unit, an oxide-film
formngunit or a diffusion untekasL bEeEssaticl onygdch a thermal processi ng
unit, a plurality of 20wafers, which are objects to be processed, are placed
on aholding tool called a wafer boat in a vertical arrangenent,and then

| oaded i® a reaction containerricald ¢ anhlr peRssiie that has been heated to
a high tenperature, Then, areaction gas is introduced into the reaction

cont ai ner, so025t hdt*€aPERERREAI IRYRREQD kplatesnwdpe s therpahdpeoeassing 4

shows an exafmlte 2ol %erchieahl t PSSR s P TRIHAO R bnt BAL B §t£$f@ £
conventional |y used.In Fig. 4,Ba heé%iég-furnace body 10l ?s pl ane “on

abase pl at e 2 0Fe3le HXAETE oA obDECt stor bei drgcensen36hnbi @s surface
of a heat - i ngdliabhagctay afaf@dr t he heating-furnace body 101. A reaction
contai ner (process tube) is provided in theheating-furnace body 101. The
reacti oh®cont ai ner i ssurrounded by the resistance heater 104. The
reaction3scontai ner has a gosblhigstidhe ot ENET Rl gReouter tube 121, whose
upper end is closed, and an fnmer tupe 122 fnstarted ~3~e ~ @4 la
concentrical |y toConyegtronably, . 2ipheapytsgmiagpducior ThenuSactiwing
contai ner i pradarked tharkeaR id Sgédg t bghhagééitiﬁb 0L deh; hO£h9MA an
processi ng space for. conducting a process to wafers that are objects to be
processed. TREMutldim wito2a grafaee PAnér Iemicongpcler Wafete asf ,arf or
exanpl e15quadiactRespset breckove, ends, Oétéﬂ‘%i‘)tgo%ﬁug'ﬂ.@ﬁ? 12 1&@&&1% I nner
e o

tube 122 are supported by a tubular manifol'd 105a ma stail nl ess st eel
or the |ike A YONriias cOREQI Fee $eRkace.i d Foro thsser steped 4 othermal

herneti cal | yporeeebkkifgauh®®eisu@ReRisN® 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 101 is placed on a
base plate 103. A resistance heater 104 is provided on an

30 inside surface of a heat-insulating layer of the heating-
-furnace body 101,

A reaction container (process tube) is provided in the
heating-furnace body 101. The reaction container is
surrounded by the resistance heater 104, The reaction

35 container has a double-tube structure of an ocuter tube 121 ‘
whose upper end is. closed, and an inner tube 122 installed




" 10 of the manifold 105a, the reaction-container lower lid 110 be|n F? %
opened and closed. A rotational shaft 114 is rotatably inserted dt iy
central portion of the reaction-container lower lid 110 via a
magnetic-fluid seal 115 in such a manner that the 15 airtightness of the
reaction container is maintained. Alo end of the rotational shaft 114
is connected to a rotating nmechani smof an el evati ng mechani sm 116. An
upper end oPOPﬁ%B¢R#Q§¥1EngP shaft 114 is fixed to a turntable 113. A wafer
boat 111 (object-to-be-processed boat), which is a 20 hol di ng tool of
objects to be processed, is nmounted on the turntable 113 via a

heat -i nsul ati ng cylinder 112. A plurality of silicon wafers Ware placed on
the wafer boat 111 in a tier-like manner. The wafer boat 111 is nmade of,
for exanple, quartz. 25 A or nore gas-introducing pipes 109, 109 are

hori zontally arranged at a | ower portion of the manifold 105a in order to

i ntroduce a process gas for a wafer process into the inner tube 122 of the
reaction container. The gasintroducing pipes 109, 109' are connected to a
gas-suppl ying 30 source, not shown, via a mass flow controller, not shown.
A gas-di schargi ng pi pe 120 connected to a vacuum punp, not shown, is
connected to an upper portion of the manifold 105a in such a manner that
the process gas is discharged froma gap between the outer tube 121 and the
inner tube 122 35 to set a pressure in the reaction container at a
predet erm ned reduced pressure. 1 3 S~ 2~tlk 3 Next, a thermal process
for sem conductor wafers using the above thermal processing unit is
expl ai ned. The thermal process for sem conductor wafers using the above

“ thermal processing unit primarily consists of a 5 prelinmnary heating step
of the thermal processing unit, a |oading step of the wafer boat, a thernmal
processing step and a cooling step. The prelimnary heating step is a step
of prelimnarily heating the thermal processing unit before the 10 silicon
wafers are | oaded, in order to start the processing step |nned|ately after
t he | oadi ng step of the silicon wafers.




"In the next |oading step, the wafer boat on which the silicon waférd k8 2004
pl aced is | oaded,into the heating furnace. 15 Then, in the thernal
processing step, a reaction gas is introduced into the reaction container

so that the silicon wafers undergo a thermal process (a predeternned
process is conducted). After the processyto the silicon wafers is

conpleted, 20 the heating and the supply of the reaction gas are stopped,
and the readiiforPEer aibanl2henecfhe etegatiornapptaindm theadantad oo

contai ner ang.esl %Gékafa%&ﬂ}%tﬂéégg i‘nnbgrﬁgge%og%%rﬁp' ! %rlor&%sgflgzgt%[g ce

container is_cooled (cooling step). Herein, recentl requested
to enhance &1 megystdndgor @m&séoﬁmjdﬁﬁemmﬁaaz:tue nobietts, tandoevari ous
| nprovenent s,;havgshgen apli eved, e (1%1 Cf r} W%Zé)faﬁa

sem conduct or process w t hout havi ng any ef ect on ualmty of

surface 8f tnsles @fi,caduexamrleaf e]uarthe gr eat est possi bi I ity 30 is to
shorten tines of t n t he._cool jhg Then,
MG L 80 NBRLL "Lt R, AR CR0 A0 SiFPepdnen.

in order to shorten e St eps, 1S Hecessary
heati ng ti nelrayet tth!becé@l?l ‘ﬂgetwma.orﬁ@d birat pmbpbs:e manificdldneobasmade t 0

reduce therngl | C nth ng furnace in,35 order

to achi eve raplsg%}glgtegﬁg%g:ﬁgir gﬁi coo i|cﬁg ‘Ig—lowe%%# &"r?%llé‘%ﬁv%‘ﬁ‘f?%nal

t hermal prodedishili® dsi provided KRN herme;tléasilyrcaeﬂmg A diciwedt opehmmer has

t he doublye-t ube r t th acit er eof sla T t he
Eb c%) tl?é t:t{grtl:ﬂfoe.l. ﬂf’i IS n :Logxaéprau :H:'EE

conventional  t her processi ng un Jen?%r g and
rapi d cool i ri@lnmlfseeilheommﬁouabsédt her mal processi ng un| t can not

satisfy the recentyr the thr t of I conduct or
“manuf acturing unit: E%W}FW%F IE]% %I\I@EI‘\IITIJCT\I f@ ggig e&PSSFE?%]eaSr Sent
i nvention i scerd:qarlopoct@lant hé€r rthe peac’emn-rtg:nﬂauhesuﬂ.babkeli@r1I(aipdr:da
heating and fa P94 V%Ea(ih yngvenness L heatl n ect lﬁ\gch‘]téo be

processed such a a SI 1 con water i8] rrprovea. not héP®

pr esent lﬁnvmrmlntaese adhi the IBaatidmer mhtpineess_lsngnanmttam@d a taernal

processing r@‘ggc_)lpl 4 NG et t cessi |t .wherein rature

control is eac;sy an?MgFelr}%epa%{?% gg'ne%é éll:gnﬂl:% é]sf ecﬁqn\?é’l pr é’ve%t ed.
rotating mechanism of an elevating mechanism 116. An upper

end of the rotational shaft 114 is fixed to a turntable 113,
A wafer boat 111 (object-to-be-processed boat), which is a

20 holding tool of objects to be processed, is mounted on the
turntable 113 wvia a heat-insulating cylinder 112. A
plurality of silicon wafers W are placed on the wafer boat
111 in a tier-like manner. The wafer boat 111 is made of,
for example, quartz.

25 A or more gas-introducing pipes 109, 109’ are
horizontally arranged at a lower portion of the manifold
105a in order to introduce a process gas for a wafer process
into the inner tube 122 of the reaction container. The gas-
introducing pipes 109, 109’ are connected to a gas-supplying

30 source, not shown, via a mass flow controller, not shown.

A gas-discharging pipe 120 connected to a vacuum pump,
not shown, is connected to an upper portion of the manifold
1052 in such a manner that the process gas is discharged
from a gap between the outer tube 121 and the inner tube 122

35 to set a pressure in the reaction container at a

predetermined reduced pressure.



This invention is a thernal processing unit 20 conprising: a 13 SEP 2004
heat | ng- f urnace body whose upper end has an opening; a heating unit
provided on an inside wall of the heating-furnace body; a reaction

cont ai ner consisting of a single tube contained in the heating-furnace
body; a gasdi schar gi ng- pi pe connecting pdrtion fornmed at an upper 25
portion of the reaction container; and a first tenperature controlling unit
provi ded around t hexdgsaditbhehaalyi pupqrgie foanseni caghpetidr afeAsCasihdg t 0
the inventi on, since %Ee reflcti on contai neg consi j[ts of a single tube and
has a snal | ef es(flbfﬁ r AP &S5 A BheatS RFPARE™Fpi d cool i ng can be
achi eved. | n addi tThen theirnad précsge i sambohlecEns diFeiar gsgg PHRe
connecting pgrtion, s controlled hy the first tenperature controlling unit,
particle gerf8rat o St the GRS r §PA G- ppﬁé‘“%ecﬁoﬁﬁlﬁﬁti% @&n be
35 ef f ecBi vebnelingvanryetieabing eealpy of a thas thesRRAr Brofefbfify f@it, a

di schar gi ng 1.3 SAP 264%?1 t N0S Fere in the reaction container is

connect ed t o FHFEgaStfiRs ¢ rgﬁ’?‘lg!‘% ok PBAhecti fgepBrli Brocaseing sekfhd

t enper at ur e fahta @obilhggustdp. S provi ded around the gasdi scharging pipe. In
the case, preferahly, the first 5 tepperature controlling unit and the
second terrperatureTl{eont PERHAY Y t BPetabddpt &tF¥0 béScorfroster of

i ndependent | prelimiadei L OReating Nthet asRrmAl ehBbERLYinA Urlidngerbse f @idred at
an end E rtion .of thgﬂ#%as-di schar gi ng- pi pe connecting portion, another
flange 9 foFmEfR “RISERd2r8 beredn B PFREY L ditschatgengrerpesingd t he
flange at thetegndipRediSteldf tlecgastkl sIBARGhGI-JHPe 6ONNALL | BYI PG | ON
and the flange_at the end portion of the gas-discharging pipe are

her et i call;fg%'?ﬁﬁ?ect ed via a sealing nenber. In the case, preferably, on at

| east one of the fiange alexithecafind5sBas) | O laddic Haas- ShShakgi figs pi pe
connecting port.on %gg&t he flan]%fa al the end portion of the gas-discharging

pi pe, a thi riEPFe F& 26RthAgshdsuticadedr inkmit t 1headindt EWperRure at

a conneasi ng portiTHerdf ifrherHd angasmalls gcdssdety 050" aexanptfon thes third
tenperature controlli ng?#ni t has liquid-flow ng tunnel fornmed in the
flange. Al tethatiVEr§uCede 1S d thenpesattiar csRPEBLI®Rg Sthi thRks Bheheat i ng

unit for congiXilcdi ovafilats | thderdi A thethal hprbbagge (a2%ddicrdehisg@h, i
t he case, preferabl )|i the fi r%h tenperature controlling unit, the second
t enper at ur e &GS EEnGOUeteHd the third tenperature controlling unit are

adapted to be contaxfidredhengepesgentbythénsatiidr G fddsehiar ablygietde,
gas- di S%I&ar%%- i pe 30- conpectin Jev);;orti on is bent. In the case,
pr ef er ably, lg%.?@:-l(ﬁ’igs@ﬁ‘ figs 8 cohnkR® i FRAGIFON GRSi §rBeftoBPedn angl e

of about 90 sleyriges.reaction gas and any generated gas remaining in the

reaction container are discharged by using a nitrogen gas
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 semiconductbr 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,




In addition, preferably, the gas-discharging-pipe connecting porti®rEH5s 2004
formed in such a manner that the gas35 di schargi ng-pi pe connecting porti-on
is integral with and extended fromthe reaction container. 13 S~ ~ 2006
In addition, preferably, the gas-di schargi ng-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 badd NghdiNkdadtidy QUrH8dnbP Baki ¢hai B¥ud] e 1t &ethEal-gor ti on
of the gas-dijschargi ng-pi pe connecting portion. Each of the tenperatlre

;

control ling Eﬂ?tstg§Fm? r ERBRPHEY athergof nsis at Laggeenber Thsi er hbei vel v,

each of the s&iRaidioied Caidill | Bloddlldinhg Suni O7 18X MY Could0d Cpbat ance
S

heater. For exanple, each of the tenperature controlling uni as
flexibility.*2%dr ReeFigy andadiariid t geckiogper afbve, caher otdrivegtionsd has
been foried tHEGR $HAR2nBINAIES ca AL ibey! Rl TURAKON. oL Gody

t hermal processing 15 nethod of an 5%ject to bep ocessed using Fher mal
processi ng uff tenhancingethel throvghpiheis tsemicbudintor andredimctyring nace
body whose uppeg. end has an opening; a heating unit provided on an inside
wal | of the heatingfurnace body; a reaction container consisting of a
single 20 tube contained in the heating-furnace body; a gasdi schargi ng-pi pe

connecting portion forned at gﬂMMﬂRFQ”Pq%§§99VEﬁT£§§ reaction container; a
first tenperature controlling ; he gas-di schar gi ng- pi pe

connect il¥y porti orAn apliaat obfedihet pirsemtocassadtiboati s25car paogetk i a t he
reacti on conggd , - d) 86t t e_processed; the ther
processi ng n%?%%%ﬁbg%%%fggkgén%?%?éﬁg% &gh S%tfﬁ M%ek éﬁﬁ%ﬁ aﬁpogggggof t he
obj ect to becppbsséd b@hé‘anﬁn%‘ienmmeani Ageadmiing, andoBfeatsttep bé
control 1ing griemeiniues ok 4Na aasdl sapardlnoplag.gonnect ing portion to
a tenperature substantially equal to a thérnmal processing tenperature of
the object to be pheRidwredblegtnednshef praselt ristvandriper dsute aechievd! i ng

e e N A
using the thermal processing unit vwherein temperature
control is easy and vwherein 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 ceoling 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 conhecting portion can be
35 effectively prevented.

Preferably, a gas-discharging pipe for discharging




i 3 CEP 2~~4 processing unit, the thermal processing unit includfrggEa® 208
heati ng-furnace body whose upper end has an opening; a heating unit
provided on an inside wall of the heatingfurnace body; a reaction container
consisting of a single 5 tube contained in the heating-furnace body; a
gasdi schar gi ng- pi pe connecting portion fornmed at an upper portion of the
reaction container; an object-to-be-processed boat arranged in the reaction
cont ai ner, faamosphdiagian (i eedaditidic povELaRad;ia gofndtB&Marg nghepi pe
connected to 10 the gas-di schargi ng-pi pe connecting portion, for

di schar gi ng %Fﬁﬂ%ﬁﬁlég’ég’i’}?'ﬁ?er ef@?ﬁ“&ﬁ%ﬂ:ﬁﬂt aPREM 3 ng 3°decnd IR at ur e
control |i ng tihipbratarée dedngtoUIThd hangasdiss Chas@ @i PaB&und henkheyaml

processi ng [%tsggd conprising: 15 a step of conducting_ a thernal £rocess of

g )
t he obj ect AnPLREs PPy neHhs € t RESReat PIRFFFOLY  anbP) dtidistof

control | 5ng tRrerFaenaé Urdritrol hengasshie handl Nendi RRdoRae tanpeFatufe of
150 to 300 C, by peans of the second tenperature controlling unit. 20 BRI EF
DESCRI PTI ON O SFRELERAW™NGS 2Frgadarted £ e prpteckird ilskisPepdentthow ng a

thermal processi ngnunidaideel, di {19 thed dddsSt grbRdizIAR of thengeesent
invention; 25 Fig. 2 is an enlarged view of a main part of Fig. 1, Fig. 3
is a schemath t PGnafhvi 8RFshBRFRECP™ t9fer nire prastscsdsrb2uai I RIGS di ng

to a second RpeditiRGt rthibf, Prassiled N¥ERLEON i ANdoFIdl 4t SaR SEhematic
sectional view showi ng a 30 conventional thernmal processing unit.
DESCRI P¥P ONRFHHAR  PREFERRIDSENBEEI MERNN &M idtehafangt , thentfddingentad dihe he

present inveidd QRoMiildn ReF daser bhedimidathelpiss Lonbdie-ild ashed on

dramnngs. and the flange at the end portion of the gas-discharging

pipe are hermetically connected via a sealing member. In the
case, preferably, on at least one of the flange at the end

15 portion of the gas-discharging-pipe connecting portion and
the flange at the end portion of the gas—discharging pipe, a
third temperature controlling unit for controlling a
temperature at a connecting portion of the flanges is
provided, -

20 For example, the third temperature controlling unit
has a liquid-flowing tunnel formed in the flange.
Alternatively, the third temperature controlling unit has a
heating unit for control provided in a vicinity of the
flange.

25 In addition, in the case, preferably, the first
temperature contreolling 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.




35 (First Enbodinent) 1 3 ~~P 2304 a Fig. 1 is a schematic sectilohavtRi 28
showi ng a thermal processing unit according to a first enbodi nent of the
present invention. The thernmal processing unit of the enbodi ment conprises:
a furnace body 1; a process tube 5 of 5 a single-tube structure as a
reaction container arranged in the furnaée body 1; a gas-di schargi ng-pi pe
‘connecting portion 6 extended fromthe process tube 5; and a gasdi schargi ng
pipe 7 closely connects&ditici) enskhdFeirhboy, of thie gas-4isahardin9pppre
connecting portion 6. 10 In the thermal processing unit of the _engodi ment ,
an upper endSSRPEFEIURAEE Pod)>e RasCaRvigdni RETELIPRE wheaenglismetever ed
with a furnageadesyly irdddced £88H R diRMHRN@f ahNgpbdl @&%i%?ﬁléf‘ kfle2 1S
provi ded with an opening. On the other hand, an upper end of the process
tube 5 protr GERSEIP 180G he Jas-tdisscrrity mepgfigrebdynnest iasgisdanton 6.
Thus, af (21 ABSCPHPCERSEL! URE Bréviddd aRacd, | il by RACeLNgleliLlF
gas-di schar gi ng- pi pe connecting portion 6 penetrates the opening of the
fur nace- bodyPPFEien &F thet IpFedisphrgednoonyre ¢ennasténgdeektion he
furnace-body |1 d 2radli cber ably/, ceRBeOulil NasREROMYIAd duRiks T0f ogopY
conmbi nation of a plurality of dividable nenbers. A Tresistance héeater
(heating uni e¥amPigy | fshapteinsystdaga meablersur Pddervativel ¥ uraacte body 1.
The furnace bREY dedSerdtaged I me of . L] 5
resi stance heater 4, tﬂr%le fur ngggeﬁgggﬁi&i ?ﬁrﬁet’a%t e?ét’o ?b%%ut S %.S%_%, 1190 C,
whose t difper e ELIRGe beabeFferent between thermal processes. The process
tube 5 is a single dmae O i qg@%g' ramn such
as quartz gl ass ongfF%%pn %b %géﬁﬁgg.fﬁél() rigﬁﬁrgfaﬁﬁgggﬁ§§-Sghﬁﬁge 5
~has an openi hgS Algxabibiey 5a Addersptivalvnl esacht exfi thet Henigberetiise
connected to r ' i n t4.00- gas,Lntroducin | pes 9, 9~
are insertedc%ﬁsocﬁlgﬁ%gnﬁg%g%aﬂlﬁmﬁﬁe%o?o%ﬁ%&n%%% %hégé g«gr%%\(':%‘%ﬁ gas for
a waf er process isiB5agdapien, t hpe invspitied fironat Hbhermalt ippwcgasing

i ntrodugisg RbEESE 909~ an” bBJELE ONe SOl DGl LQUESE lﬁ&n]go 'S thermal

processing unit, the thermal processing unit including: a

heating-furnace body whoge 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
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 cbject
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 controlling unit.
35 Alternatively, the invention is a thermal processing

method of an object to be processed using a thermal




1s s~~~ z~~~ 9 hernetically connected to a | ower end of the mani fiod biga abla
an Oring, not shown. An object-to-be-processed boat 11 nade of quartz,
horizontally holding a plurality of wafers Wat regular 5 intervals in a
vertical direction, i.s arranged in the process tube 5. The
obj ect-to-be-processed boat 11 is arranded on a heat-insulating cylinder 12
in order to prevent heat dissipation froma |ower portion of the
obj ect t 0- be-mrarasing hedt, 1lkheThend@ail | pscbadditg Cxditdehcihaing:1Q pl aced
on a turntahle 13 that can cause the object-to-beprocessed boat 11 to
freely rotat®>5RE-THFARGDI OB | €hesndbrey t1end hesat RBNAPSSRAGY Bl The
rotational shaftingd genret pAbeRIRD BREHNJiRERYL dgdi at & Cﬂ%r§12a g on of
the reaction-container lower lid 10 and is rotatably supported 15 by an
el evating nedHIRCEMPRSINiNi3 et RSNt AR inemegonsdistanghyofa amgheale-f | ui d
seal 15. sThep@levatddigimRananins M {s | ShadelEdrdDPPYdat "€ 2 gas-
obj ect-to-beprocessed boat 11 in such a nmanner that the
obj ect -t o- béﬁ‘r%géﬁgﬁa’a&e 1°Reehiagl eppationy erfidymgd diatecehonupp®r The
gas- di schar ghd¥a-iRnP 8 rC @ARELEL BEE P ddrd 1 B r VN Q5 € M4 tel .S than a
maxi mum di anmeter of a main_body of cjtédﬁgﬁﬁ'?lggésgﬁt 8@%&%? tﬁsﬂﬁopgeggé%%%uch a
manner that R gastHgRhai i idiepi peaebiveccontabest i oficd imolidibggrat wit h
and ext endethdyip the Hay e 5. edggc_q}- [ (-0 '

connect i ng por:{i on 6_peng??§§gég?he§og%%i ng o%%ggﬁgghgcégggé\?% dtcé to
pr ot r udé Cout Hii FasvdirghasgiagrRipel conheching r peif tigmparforf dascharging
f ur nace- bodys#dirRe®l t gasifdi s i20- pi G ecti porti { S
| ocat ed outside g%ea%eaq?lhaﬁﬁlr?g i f)e %&t‘glgd %‘%ﬂ;{a%gl%%éat ia[r?{'g}l unélt ) 8%%03151 a 30
t enper at ur e ¥MRSFBLPESL r pERREP t adg t prioyiidedBesaosrd of thédatgasms shown
in Fig: 2, agiMeitirg@hgPgigefirst tenperature controlling unit 8a is
arranged around a verfical part of the gas-discharging-pipe connecting
portion 6, and a H&Y IbetEsl perqcdssing mefied sramprisangrol [ing unit 8b is
35 arranged around, ag | O 21O - di 0L Pgpi pe cting
portion 6. Thus, the %thﬁdﬁ?hg faag&%r%gg g-1"':&?5&?’% égogjngodg?g&a

to be process

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.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic sectional view showing a thermal
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.

DESCRIPTICN OF THE PREFERRED EMBODIMENT

Hereinafter, embodiments of the present invention will

be described with reference to the attached drawings.
35

{First Embodiment)




di schar gi ng- pi pe connecting portion 6 can be heated cr heatretai nqd3|cn:p zgggr
order not to generate a great difference between a tenperature around t

gas-di schar gi ng- pi pe connecting portion 6 and a tenperature of the main
body of the process 5 tube 5 as a reaction container. The reason that the
tenperature controlling units are arranggd around the gas-di schargi ng-pi pe
connecting portion 6 is as follows. That is, when an exhaust gas such as a
reaction gas and/ ofiq. geney gt Eéh&ﬁétiga&élﬁ%o%?ﬁ gas 10hdhaghar ghagli e
connecting portion during a process in er processing Flifnace, if
a tenper at urkregessiaggavel & clamogirdingi peo cannﬁ:tsmg epbbdunents kﬁ rehati vel y

| ow, the ext‘igﬂég epo L th as- di schargi ng-p

connecting portion 61%&1?% '? ans‘lfﬁnpur mf-"f ]Fr%cfsﬁemf'}o%%%% le ntPfe

gas- di schar W@Hmtcmn@cuag rmrfmrmacﬁe Hddayt He wngesicesd tuban Hrofs, it
gradual | g beg éal%urfsrt e mtog%.off VWen the filmpeels off,
the film becorres artic FRRC Ry QoRTanThaR CYHAILRE A5RaREFEr s on t he
obj ect - t 0- betlpe oc@wateboéctod&l dryr argedydstdiBehprginsfipdhe cdbndetHag
avoiding th

ohl the.firs erat ur ontrolling units 8a, 8b
are provided ar ound %he gangegcﬁfPﬂ} fjh n2°88ﬁﬁe§i g %’orf“f’ n% $&%or der
for the tenpdrsthamgiofy tdipegds- dlaeodiar g:t:cﬁtgaepit;w anr@ct e peFtisin égnot to
fall too muc i tothete erature of the 25 main body of the
process tubeg?sgwg%L dg'%gg’ne atd ISt cgﬁgeﬁ H2Z  PAFI§8p8si t can be prevent ed.
A heat -il@sul ati ng Imt'eheathémnaﬁl rm:mmg heatebfMhebmbsadmast | henfirst
t enperature troII g 8 g]nq@d in the vicin::&y of the
gas- di schar gimng-pi pe BFP%@E' 359454 PR FRPPIRAN arlhe) PPRRINg
- preferabl e timtceversi stzaﬁnce IrahatetBodgelids2 I hey fddntirall e Hpet 8bnIr 6F
controlling unit norder t nhance_t he ect,.of heatretaining. In
addi ti on, th%h?efr%%ra ur gf’ﬁ 2 gas- H’F@fﬁ‘%‘é} s 3 ﬂ’e@&ﬁﬁect?‘%gﬂb%rti on
6is preferad:)ltl)eleq'waid,t (araup@éer eﬁdOGESShéeﬁde@ésJHﬁﬂ:(epGOQﬁ&tkﬁ@es to

zr.~4 11 unlformt of te eratures of the

t enper at, r e)
waf er s tallr‘*)r ange%pl ﬁ an uﬁp%ll’s%qlé’ﬁ—gfp‘?hé’oﬁf’ﬁg t Bt J51"'ba beThe%ar kabl y
i mproved. | ragier ttilen proveiske tahses ibeaﬁwﬂi)@esd aifn ohﬁermynwaéeb@d whj ch are

general ly ar t ermpst sta 5 of t at 11 r the

uni fornity o #ﬁ%‘q%se?%t ﬁ‘?’gg&g TR Eﬁ B@r{l’e?fhme’fe § ?h&h‘hel ght

of the heatiopenind qfay:hhefneﬂalced:odihe.mezt k6akhaarthd Iﬁi.ﬁiqab&”ﬁ@d&ﬁtllre

controlling i A] i zont al rt flrs enp ontrolllng
#4 %oggr wtiltﬁwh:?nh 1:0 q?lgpdy dt é S the

10 unit 8b nay be ntegra each
20 furnace-body lid 2 is formed by combination of a plurality

of dividable members.

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 1id 10 is




Pref-erably, the resistance heater is a heater made of a carbon wift§ Sk 204
including fewer inpurities. In addition, the heater nay be a flexible
heéat er that can be wound around the gas-di schargi ng-pi pe connecting portion
-6 with a conplicated 15 shape, or may be_a heater that has been formed in
advance into a shape to be fitted with t Re shape of the gasdi schargi ng-pi pe
connecti ng \p,)\ﬁrt_i Oﬂ. 6. the flexible heater, a carbon wire nay be used,
the carbon w'FETF bﬁH‘Yng?onaeﬁF?fé- P k@ }retareengaof- bheyminifuld 3o bia

brai ding a phirerting ometachennfi bers; and netal termnals attached to both
ends of the heater-main-body. Such a flexible heater may be installed by

wi ndi ng around t he®BaseRiisstivirgbagPrrersssshnbeatndpomeden &F ofquakezypper
portion of therpresEessv URS1&ingdsA i vel eyj ousl y- shaped
heater, Zsseal heat er r}fftay be usggdf11 t%%%gglty[he%ft erﬁrgg%?%g% o‘-?"lr-‘redT 185 ni ng
the above carBEREY#YS® il o2a Yeekkaadr nidhsdcthampe, isandwiahiead) tihe easbon

W re betweenpik¥Bediardybedl 8Ss p es. ?zz Q%" aling the t uartz _gl ass
plates to meFt t hem and fis 30 !trﬁ%m%fb t elaggé%(r}%mvé.'ersge:gﬁ O%fe &t et fi ned
shape. The sBEFaRERd eCTnmde fatrimaudaglings dwlkiralalry Y21 yih Owrgessi bbl ity
of inpuritiegr&aatam i Pl i it for the present (nvention.

I n any case,lgi n origzé%dé\%g%gg}:%r%%? g'%uggnggjﬁ%ﬁ%rfi%tﬁ,&ﬁ Ject=
preferabl e t BodeRIRfiPasssednbratnliuciThe heateinshbdting enlehadbur 82 is

control liiong gnbded®¥nba 3sh Vyx' 4=-=~Y_12 arranded in th nit. As
shown in Fi gg 1, it ?s pref er%ﬁ% tlﬁat taﬁ'e c&&sﬁaygﬁa%\%g?%ﬂﬁé%%%éti ng
portion 6 isPEefRssad decathglt &b dimelyoCratedgeces Mavwatdrecdidicerial is
direction of cbfead¥RLa$S 25 YRS f erature of .a connecting, portion
of the gasdi schar gi ng- pi Se con%%tl?jhgs%or iqgri 6 %f?%tlﬁﬁgi §§ﬁ51:g]r g pi pe
7 is |over tPERFEETRfiesofan pavding Iodyidedt At pr aeessal uperbioh heF re@et i on

gas and/ or tRAS.GeN-J8¢a9ASr " $8BLPI I Bt exhaust, _gas.are cool ed to be
solidified 10 in that portion, ggé‘?hg 9 ?rgu%fiyéﬁ 1S @g’lgesPBPﬁ’éEleqln t hat

portionI°ThefY tRB | M3eVRrtingi | mechayise ptél ehiléo gereightndsy tifd es.
Thus, if thapgRRasid orti i C j a et )

obj ect -t o-be-processed boat, thé particles generated in

portion may Fefhanismy d&ct if omdebtedh bet - Supbertpr otes sedb jeett-tovibech nay

cause cont anpRstdsedOinddie w1 {,£08 fer heretfore,.it is preferable that

t he gas-di schar gi ng- pi pe connecti ng&gorgt ?“gr?;l;ggi sp ntt,hel b@r’%&r— PPt he

particl es n(ft’r‘?ci?qsﬁcﬂ baptetl |35 mevebdeobh e tvdrt-ilral pdbeesisiash .boat , even i f

the partiocl es 20 afige 0§R&LHRGBik negting .portion.of the

gasdi schar gi ng- pi pe connect i ngapgrlt ?gpr’lﬁg&aﬁ%ﬁé%%l% soﬁ’%%%é’rngi 9 FroRe 7,
diameter is smaller than a maximum diameter of a main body

of the process tube 5, is formed in such a manner that the

gas-discharging-pipe connecting portion 6 is integral with

and extended from the process tube 5. The gas-discharging-

25 pipe connecting portion 6 penetrates the opening of the
furnace-body lid 2 to protrude outside the furnace body 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 wunit. 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 fj_.rst temperature contrelling unit 8b is

35 arranged around a horizontal part of the gas-discharging-

Pipe connecting portion 6. Thus, the periphery of the gas-—




In addition, as the gas-discharging-pipe connecting portion 6 is bent,k

radi ati on heat fromthe resistance heater 25 9 that heats the prpdeSsit ol
5 doesn~t directly reach a flange 17a fornmed at an end portion of the
gas-di schar gi ngpi pe connecting portion 6, a flange 17b forned at an end
portion of the gas-discharging pipe 7, ajiyl the gasdi scharging pipe 7, Thus,
tenperature controls for their 30 nenbers are easy. In that view,

pref erabl vy, 1o on - di rgi ng- pyd conngect i ortion
6is extendegdmﬁ%arl %¥§$e§%g%€%%i%ﬁ g?’ A BeSPnr P SRR S5 M7t he

mai n body of FehRringdddsPrderenst e ghmewrien sFigrea?, di ifefdittg®etwachor med

at the end 33 | falh digschar gi ng- pi.pe _connecting portion 6 is
cl osely and her et cat?lyefi%é%i?% ttfii% fﬁgﬁg(gl%)%ﬁgépﬁealg? CCEI)"I"?C§LI~‘9204 13
t he gas-di scRerEiony pipel 2 tempeamtQrei of tBenmalen dfodn & aHeOMRbcEYSEh as a
fluorine gest A - esl t erature of the Oring 18 (el astoner)
is usually aS%‘ta 35%51(% r%%ﬁg?gl?fcérﬁ:e@lﬂeﬁ'ng 18 5 is heated to a high
tenperature, the qUaéireasin ttietOthengehPerayube &6t €fdldiaigednithatrés, the

sealin erf teriorat.ed, In.order to prevent the

det eri gr gti o%£o§ tﬁeﬁaer%%%"ﬁ‘%ng&beerqaoﬁ_%fgﬁrﬁ“??%e WHIc HRELSPD 3
tenperature 6f i per tiddilceisose Thatt hes,Owtierg at8. ediddie ddk egmglgganga a
fluid way 19 tur trol is formed at the flange 17b, and a
f1uid fo?/ teﬁ%%?% og{rne)edé-%nt raéfl,?&guc?‘l 2ensgFatefy %Fer?e?q’}éﬁﬁg tREougRST he
fluid we0 19digthergirigepipepercahaceing pbetibange dutings 20ppbeskd oihe
controll ed Sgﬁ%a@aé(rmaln %%%Etsi on ?S shown.ifn Fig. 2, if a resistance 15
heater (third Tenperature controd | tHfanntifse iy off $hg g2t de
\é\@llt 'OL t_he ﬂa@wgﬁm?ﬁpfreomﬁi@mr@galg pi ?ﬁ feléﬂggél%gn%@t HhE ,
istribution ntro re acgura . e gas-di schargl ng pipe
connect ed toetﬁﬁgeh%ﬁdggﬁ Pt ?%%ngﬁp?ﬁégﬁ%s- 'g‘&l?%r gﬁggdﬁ'i}'@%ﬁ%éegﬁ’ggp
portion 6 i scoumeetited portacBué] i e it a516RpaASi By VALK MM He. FBSheghOWN.

Thus, a macu created in the process tube 5, and the remaini ng
react i onl\%as?qu Etgng St 5‘? %ﬁﬁﬁﬁ%l%&ul‘%e FIRECIRIp #F L4 CRa%ged ¥ ofie he

process tubeundssired héilewbochwent it ageedaalliy e aid!r Sasidyt redd i gga uni t
8d is arrang r h s-gi schar gi pi pe. 7. us,. nNore accurate
t enper at ur e gglnl?rg#%ér% %ﬁgch%%%ﬁ%ﬁgf“eéﬂﬁ ﬂggt eths Sidmeperahes used
as t he secondartipersat whdahomiayolddamtgmilnate 8tthebegdesnt herepnt 69! 1ol t he
electric 30 _d . S.ea i referabl e that, the tenperature of the
gas- di schar 9%8&% pﬂéo Ji’%l §¥88%%Sre()cfl ed_’&/\ﬁt%iarf"rz?ntg&ﬁlgénof EoHFTEEFIH0TER Mor e
pref erald® t BrpeFarusvobdindg ethym saboch apgibigni, peché i raR0 tempByafteads of
t he above te alur:e Cco , £ven i f the exhayst (discharged) gas 35 from
t he process tyge Liﬁgl segl %’%roug tﬁé gAES diRFWAFGAn 2 FP e 7, 3% be
prevent ed t hdischardimgupipe fednndcting portion 6 in 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 is 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,




1 3-S~~ 2~~4 14 generated as an unnecessary deposit in the gas-dii;%har_gi nf%}
pi pe 7. The exhaust gas di scharged fromthe gas-di scharging pipe i gtr 24
céol ed by a trap, not shown, which is connected to 5 the gas-discharging
pi pe 7 and has cooling fins or the like. Thus, the exhaust gas (renaining
reaction gas, generated gas or the Iike)ljdi scharged fromthe process tube 5
may be solidified and trapped thereby. It is preferable that the trap is
arranged bet Hﬁéﬁogmf Bngé (FREPeTREWESS aoft hthet Wefetd endrapbetihein an

gas- di schar gupgepi prtidnd & Vaglaum,p gn hown) _..connect ed t e
gas- di schar g%ﬁrrllg ‘gl&f 7. As descri bg%‘a ove, %gg%orgd\?r?&%to heretrﬁggﬁglﬂy
processi ng ulferof"the ERbEdHERED, t ha ttdwperasai eshaf niriser esPediznve
nenbers are paets VoA GHOROLLAM . e first tenperature
control | ir#;g units 8a, Bb for gont]r:%%ﬁfy: ng thng‘retdeége%g?u?%p%?“qsﬁe&ages
gas- di schar gPhgepeatsrnkeat ngl pberi the 6uni fermiiltyi bff | evigegatupae! of or

tenperat ure eRatwdferd Nidsh LM e rolling unit) bugied. in the
flange 17b of the g%s-di schargi %ga%‘?%'e %ﬂttsheltbﬁ ﬁ%’s@%’i é?%z:hﬁe%@g”@?hi rd
t enper at ur e ¥ohE AY ity redresd8c arranged for the side-wall portion of the

flange 17b of the g]Qs- dbsehQi pi , ahd the second.tenperature
controlling unit 8d arranged al%%é: tﬁg%‘as&é&?gﬁgpﬁﬁn§°&tﬁ@ NGRPRIE |y t he

vicinities of2t sk Kerbdiorizentabrpdrt 25iest ectampelrytpreV ehedol Dakg an

impurityud il ghds @) diRNECess e Lt 1S generated and that particles are
generated fromthe i "@’Eri ty ?ﬁlrrﬁﬂ Ilgﬁsc%dﬁ?g}l'o?elt?’%rﬁ order to inprove the

accuracy of tenperB¥ a3y r 6he resistpied drslter tie ar hangeramdde of
borEi on of - ean et ok muTeRs T A G0N i 9 kieho Ge
detected tenfRARUMEY be a Slepilblawhsatere thetpeantibs arcimd hebuRAYLRE
o e S B R s SR0La s I LD, o

15 shape, or may be a heater that has been formed in advance
into a shape to be fitted with the shape of the gas-
discharging-pipe connecting portion 6.

As the flexible heater, a carbon wire may be used, the
carbon wire including: a wire-like heater-main-body formed

20 by braiding a plurality of carbon fibers; and metal
terminals attached to both ends of the heater-main-body.
Such a flexible heater may be installed by winding around
the gas-discharging-pipe connecting portion 6 of the upper
portion of the process tube 5. '

25 Alternatively, as the previously-shaped heater, a seal
heater may be used, the seal heater being formed by forming
the above <carbon wire inte 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




~ 3 ~E~ ~OX4 15 Next, a second enbodi ment according to the inventiop.i,s
explained. In the second enbodi ment, arrangenents of the heating NPET T OR0H
the reaction container and the tenperature controlling units are optim zed,
uniformty of thermal 5 processing tenperature within the surface of a
substrate such as a wafer is inproved, afg generation of defect of the
substrate caused by ununi form heating is prevented. The thermal processing

unit of the s060Rde8M™QOiHERILikS shown in Fig. 3. In Fig. 3, the sane
elements as in Fig. 10 1 are acconpanied with the sanme nuneral references,

and the expl anati ofSt Hhos®f i Bigttd. 1W tis mefeferabbet @hhkg.thd dde
Bortion of Lhe oRerdLiS I AnBEhObortiRe & ARePEREoRL T SIS Gocs
tube 5. A Sp!a,bgpthggt éiegggesstawaadag_edlatesa]:edij/@-e‘c&ﬂidﬁprdﬂ Othdfpt@ss
By 2 numer el oRor ence. 2o bRl AR Fa abnEheliy porREoR0F fhehameer 23
herneti cal | y Peshregtnannisiede ¢omndatrimace poslich ThUs ardie sRér algaheat er
shown. A plurat ey S p i T oafotBhes BRan Chnab TRE] BRr mrged barbLRE  he
cervi cal porﬁh@nFE@C§$StﬁUbga§diSﬂhangﬁﬁ@ﬂbhpgﬁﬁﬂﬂﬂﬁﬁQﬁﬂgﬂﬂpr%'ﬂH}d@edso
that the plugakit g S E%L Q ggeré 23 are adapted to heat portions
close to the centé?gg? ah gtject %0 Be" p16t &6 FoR PAc B dee ofPliis fdpder nost
stage ofl@helfaftdatbamrtionuniscortiat (mywamityi olims Widy HESBEEhed Oihhe
70T och SRR P HAET AP P15 108 UL RS oy et TG
_gas- di schar gPRBeFRER tomtéclemg poltuson S MR &6nncReR t Sobidh WaY fOr
Upper moat | St See er ¢ et 8P90S o e PESERE FartaEseorreRt ihratr, nabeor s 4a
35 ext endi ngPRRtEClRY t igeakrdtedction the achemddtihgUNpbrEoén t Ky €25 i on
contai nefs sg;F8atif s t@@%ﬁa%ggEgtgibé-%%o%%ggre géat, 1wh3ic?1~?nay04éause
contamination of the silicon wafers. Therefore, it ig
preferable that the gas-discharging-pipe connecting portion
6 is bent, in order for the particles not to fall directly
on the object-to-be-processed boat, ewen if the particles
20 are generated in the connecting portion of the gas-
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 § 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 porticn 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




16 stage tends to fall the nost. However, as the spiral heaters 2B 3agep 2004
arranged to heat the portions close to the center of the object to bé"
processed Wl ocated on the uppernost stage of the wafer boat |

gnuni formty of tenperature within the 5 surface of the object to be
processed can be solved. For exanple, egagh spiral heater 23 consists of: a
tubul ar nenber made of a material having el ectricalinsulating properties

and heat -resjstipgs _p&l%{atfjgeﬁgatspli%% a.f qgclrartz d forzfg i nt,0 %Iftubul ar

shape; and a carbon wre arrange it
mat eri al f oreldsdwmerssauch dtsratﬂahotrmnqumskm but may be anot her mat eri al

havi ng equi val ent preferab e that fo spiral, heat s 23
are arranged arour{% ?ﬁeéigemfevsl ca n%’ortlegﬁ’ef% g¥e thé’fgas é - pi pe

connecting psltdsyomér) | hs adduallon, akiud sa@st °one Miud, thSFtlhEaab Bﬁﬁé e1rs$ 23 is

preferably noy t he gase, asse | i ng d dis ssenblln erations of
the t her fal prg}eeag:sel‘dngq:oun L HEh ack%ﬂ?nqaa 1ty ot Fﬁnggr“? t he

| i near Wi re % ni=y beZ&eheaior@tem,l ttHadr 1t§eathégséﬁtar.x@bjﬁi§fo&ﬁraﬁ@e phBeessed
Wfroman o sr%e of, th rocess tgﬁ}_ g? and is a linear heater wherein the

carbon wire elcﬁrr? sur rBuf®: BFEVEREr ther geberiarahien okt

enbodi ment stiewn sealkhg. Pderfidienaheaterits iaf r arGedshhy a &Pi Idhteblcig cul ar
manner so as, to 25.surrouynd the J’OCGSf tube 5..  However, in the second

enbodi ment, TRESRATERR RFatrPARI oF ebot ShexCamkdnin 18n axim th
directi ao ofertheiimentesa fBbﬁiEdajrhﬂ? &BQVth\pét:ﬁtufha dbrtrad1Shel 'fohl%@:[ mal

capacity, and t S_sup am c tenperature characteristics. That
is, the heat® %‘f ;& aggR E?’ra?)'?cg ﬂé’d‘fjecfoa epERrrdre Gandgoly nsuehii ti on,
-t he heat er 4@5m]liergeaatéy,cemws)lﬁrﬁ%ughnthéeftﬁb@dbﬁemg aTRLY! athd y of

| i near heate {S 4a aqre arr Q%‘ed as to surround the process tube 5. In
addi ti on, §a o’%‘ea R pperiasted £ oF?eh@&’PEFQMZ%i may be

arranged i n amttah:rlgr pmﬁt adal’eioﬁh%td)rsm-ﬁﬁxs ihulegh. 2l nigddi tle@R stHiEs Or
nore | o pl(j)rtéon iﬁ.{.‘?? % |raI heaters 26 may be arranged in
a Iomer\ﬁ%ortl Th-ot {%rﬁr rAiHEes CPH B?I:l]e’r“q oWk ?‘helﬁbf‘é’t‘f?%g?‘b be
processed Wabeas el sidien waMierofdottie Ofltigel heyprayer theoafaslli sbhat§eng
upper-portlon hea; ert_gg are arrang d, h at i n% 5 un| forcrgngoﬂeéhrﬁoggper
portion of th rdc t[fﬁ%’eﬁ&ff
accurately.

The gas-discharging pipe 7 connected to the end

20 portion of the gas-discharging-pipe connecting portion 6 is
connected to a suction unit such as a vacuum pump, not shown.
Thus, a vacuum can be created in the process tube 5, and the
remaining reaction gas, the generated gas and the like can
be discharged from the process tube.

25 In the embodiment, a second temperature 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




If the Iower-portion heaters 26 are arranged, heat dissipation friomghe 2004
objects to be processed Warranged in the | ower portion of the wafer boat
11 through the | ower end 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 heajgr contained in a quartz tube,
simlarly to the above spiral heatex 23. Each of the,upper-portion heaters

. 28 and 15 th a@OLLi ave a circul ar shape, a
1 ptical opsperaredoat oh MBLELRs2hy TRURENE TnnchPogRasti Ve idess of
t he upper - poFiPen7heaters 28 and the | ower-portion heaters 26 and the

respective nunbers t RRer-Rortion heaters 28 d the | .ower-partion
hea’ltoers 26 20 myagggs%ggl% ogeagsl g‘?i]'es(’]‘ﬂ.bad: of cﬁ“ﬁgﬂﬁfc@r% 1(2119 in

i ipat di hercodlosbrgi Rg trept heot niostitie Mhichhest esmesidd &o
thet;g?citlogmﬁﬁ Id ar.ﬁyc:ag eperation can _he effectively prevented.
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[ §B Ly iJmprove the ununiform I n heatin
tegbggl g'rsgf:egggdrsucﬁggegi :Cilr{(%gﬁaﬁ%‘?%rﬁ% Y‘T%aPF%ﬁe%t k88§ Ber®#habeer, a
met hod of cosdltdifiged amdr trehpyesd Ceiserdiyy .Si Ijt-,clcmg_ vg{lﬁeza@?eo%ggz ?fhbahgfe
' ' ' ai ned. first, e
eating fur nisab! Lo SErARST ERGRAR Braee, Pl taitimoe ge e athor
vi ci ni t y1@ heeadf ofThighwe @aﬁdﬂ@hbfqgiﬁg qdibieﬁom %\@d etas sﬂé%@nb?gf?gggggltlbgat
~~7.1 re ace n e object-tqg-be-p
Erloc'?'ﬁ:egoat gf%w?gocée?nefcﬂ: et%ngos{}lg‘?e?ﬁ%'ﬁﬁci'ﬁ?’%“‘éfp%% Yheat -i nsul ati ng
C'yi i nder 12, the rabatidesaribhdft aldbvel, he a@tgcaid'j(a.@,illes Q\Aﬁalr itﬂtghlazmt eatflnhiGS
' - [ e sys

il oaded out ELIEERE HREC cShobg® 1 SRHErma o ey ceupPRmabEres| sFadhoover
t he obj ect - t gebpproies sadmbaed aite @&dith@elﬁﬁ@bh@ﬁolﬁ&h ?ﬂﬁyeﬁegﬁgvteﬁglggirilgg
and t he oc t are _herngeticall ealed to each other via
(not sho%w) . Pt%% tlr’::ii?%_s_gt agtee,rrp_faﬁgg‘é’_éﬁ 163481?%% : ng“‘b’_r‘b“e.YB%as _ﬁ’ét §é’€n
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tube 5 Yel. connecting portion 6; the Ffluid-flowing tunnel for

temperature control (third temperature controlling unit) 19
buried in the flange 17b of the gas—diséharging 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
contrelling unit 8d arranged along the gas-discharging pipe
7. Thus, in the vicinities 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. 1In a simble way,
the temperature control may be conducted in accordance with
a temperature-~control sequence that has been set in advance.
35
{Second Embodiment)




Then, whil e the upper opening of the furnacebody 1 isopen, the vvafe:{)ﬁ Qat 11
covered by theprocesstube 5 isl5 | oaded i ntoa predeterm ned posi fiweor LBl
furnace body 1t hrough thel ower portion of the furnacebody 1. Then,

t hef urnace-bodylid 2 is set so as tosurroundthe aas- dischargi ng-pipe
connecting portion 6 of the process tubggb5, which protrudes upward fromthe
upper portion of the furnace 20 body 1. Preferably, the furnace-body lid 2
i s made of a heat -\ | af i er] . ln.order t t . £ _process
tube 5 not to di s-sbikéggﬂtj’eaét h%%ég%‘t e %ﬁdggtpgr%?%n {'%eggofh'ng g&?}’gh%rpflange
17a at the el gymlEiogdeof Iethyascatids embodingnip) permogesehtagopotihé on 6
and the fla . -t.h n ortiLon. e gas-dis L di Il pe, 7 are
connect ed V\n'r‘ﬁa%la habtgt1 tﬁe%,o ?:a%&et ﬁteegggégéc%%%g{neeﬁpeap gﬁ:rh %%H@?E?F‘r“ﬁ% units
Sa, 8b, Sc, @htmcdlinganysiit$orardie quesmdizedhar ghifppingicycomifecthagngorti on

6 and the gas:di rgi i 7. 3 hen,..a su ler of. a flujd, fo

t enper at §r eaﬁc%%e}o%:ﬁ?’s co r%%[%gget o‘%tt_;]geml i Hee d-sgg%?\f%gogun?nelsukﬁﬁﬁé? he
flange 17b. Siwn asssenfey DE improanid, andcgapéeieibn Dfederebenct hehdieat i ng
units 4, 4a peat e rnace hody .1, t tenperatures of the

gas- di schar gi ng %ftsttge?ngﬂ?%én%% "F’f%‘%%’é‘e %a'fltr}%e L5 BreUne i ed within

sui t abl e ranges byTheeartsemdalt herdoenpengt unttcolt thkl ise@ondi ib8adim&kt 8c,
8d, 1 3 Wxg hi | et he. vagcuum_pu not shawn creates.a vacuumin
the fur nace.lsrﬁseq}lo}#laa?legggro%'g:? iaﬁg'gw Bl {ggﬁ PP S FERESi B7- §RsFII-

i ntrodudiong ponte tacaimgeniedr @dthi @he (saes bng0C asFerehcdé | eand hehe
reaction is t i d f a edeternined tine, the supply of the reaction
gas is stoppge’gélaﬂ%ﬁ'?na%ne{?c%el ﬁgr{}tﬁgwppl ied, and the gas remaining in
~the process tube (Wit r eafétrancegatoarfigny3gentiat ¢ds-gligchargihgepasged.

The vacuum p continues,.to create_a vacuu Octbut t he heating operation
i s stopped agn%%cgzlhgaPPﬁﬁl?ﬁr atd ang%:glﬁar ¢P8i ARG BPERePIb st eps,
a process t oof hechei | poaressaf eulsei S chgplwidedkingn tie abemersrbed mamg s of
the invertia e ihigcnégwafe i s expl.ained as an object to be
processgg V\?e‘]\';/eregrs, %P %bj tSPIISa%eh?)?'b?g§§e&Si §rﬁ%rfgefc?r%tt 8d eEvifRl
silicon waf eporiign nef bbea dzEDddskhbraivy-@ire otaafecdibgt fdion 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

20 23 may be heated by 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

25 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

30 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

'35 extending in a vertical direction as a heating unit for the

reaction container, so that the temperature of the uppermost




(Exanple) 20 Hereinafter, a specific exanple of the invention is explained.
A process tube as shown in Fig. 1 was made of quartz glass. 100 $iJ iGEPN 2004
wafers were nounted on a wafer boat made 25 of quartz glass in an
aiignrrent, and a silicon nitride filmhaving a thickness of 70 nm was
deposited on a surface of each silicon weder at a reaction tenperature of
700 C by using the process tube and by using a sil ane-base gas as a

eacti on gasseage uRIETRY L §3ene MWASaghaslAr Ananll BE; 30 GReeLi ng
portion 6 was_heated to 700 C by neans of a carbon wire ater. As

conpari son, A>sPFecehraiged de fidat \kél@'l%emrnedzandbqsset Eta: stzhf agamtért gﬁns, by
usi ng a doub t QGRS U | g 4.

resulgt, in tgeeggﬁ%%%p% t ICelgl nvente}ipn, l%?a?og\ﬁgﬁogh% '%E’Reelg“%sgz é%ﬁﬂ?ete
the steps of ofr B¢ prafiemibeaty 11, 3uguni formi Weﬂfthemparaugrreis Ogtntaﬁ:ntng?ggf( tzgg
silicon fe t het. - cordin e .Ccomp:

m nut es. Vyjlan ggﬁf%%r#?itﬁgbg%ﬂgggg%os,qgép%rr%fzsggégoﬁ%m%gig' of silicon

waf ers was not genEent @danmplei heyanbr espimalsi hesosr 528af@irsigwentsd i 8 an

upper portiogyghidhe yahel boake tQﬁreawa%e%%rggfnoﬁggggb(ﬁefgéI}ELgagity 'n
heating. insulating properties and heat-resisting properties, such as
quartz, and formed into a tubular shape; and a carbon wire
10 heater arranged in the tubular member. The material for
those is not limited to quartz, 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 dischérging—pipe connecting portion 6. In addition, at least
one of the spiral heaters 23 is pPreferably 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




‘f ~~"L- ~ ~~JOr 21 cz~s 1. A thermal processing unit conprisjng,..a .,
heati ng-furnace body whose upper end has an opening, a furnace- b#)gﬁslt?dléﬂm
provi ded at an opening of the heating-furnace body, a heating unit provided
on an inside wall of the heati ng-furnace body, a reaction container
consisting of a single tube contained inyyhe heating-furnace body, a

gas- di schar gi ng- pi pe connecting portion formed at an yp_per port:cpn of the
reaction conkpifgl Rekkdaneld alhngd q_.rfaggggc?-ﬂbgdyo‘lq%g, argc)l_@?hé)lfr ﬁﬁ@
tenperature controlling unit praovided arodn he “gas- |s%‘?1r_ a pi
connecting pBFPFRRE BUOeA } Higt mitdear dedwiang thei thaects dtagod @nﬁdc@s@e&li o
wherein a gar- dbsghad ginnQ @bQ&rfﬁér’Eﬂétﬁ%%r %ggwg@ggﬁ%ﬁﬂl n the reac 1 a
contai ner is connected to the gas-dischargingprpe c hg portion, an _
second t enper at ur eI€oRR® oFPPeRTRAYIt ons head ersleﬁaa?ﬁgndzi%@ﬁs_-}?a?—%gg; ?lr gtg
- pi pe. 3. t H81 FEImIRP CAS SY ' qr.ding . claim2, erei _
ltoeﬁperat l?rb\e Jgont rol |1 nﬁnﬁya%ﬁég%e&gﬁd eﬂﬁ"@r HGCESE o TP ¥ gPani t
are adapted #BPEVebntrol | ed i ndependently. 4. A thermal processing unit
according to clal mg %93’1mg‘%g‘tion heaters 26 are arranged, heat

dissipation from the objects to be brocessed W arranged in -
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

i5 the lower-portion heatéi‘s 26 may have a circular shape, a
elliptical shape or a compressed circular 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 coocling, 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




a flange is forned at an end portion of the gasdi schargi ng-pi pe connecting
portion, another flange is formed at an end portion of the gasdi $Gh&F§i ngfi
pi pe, and 1 3 ~AE~' 2~~~a 22 the flange at the end portion of the

gas-di schar gi ng pi pe connecting portion and the flange at the end portion
of the gas-discharging pipe are hernetigg |y connected via a sealing
menber-. 5. A thermal processing unit according to claim4, wherein on at

| east one ofztdie, ﬂ@éweorattﬁ&eobﬂy&tn%tb%@gcé&%dg%a sqhar ¢4,09g,pL pe

connecting portion and the flange at the ortron of thé gas-discharging
pi pe, a thir#lté&spéeat dine %tﬁ?}r_ﬁﬂ@mgxumltstﬂog oént tred Ihe@:-artsa&’pmagure at

a connecti ng-pofidnn 18f g \M%JD@QQ_@& Sq{? gd +Be fb 1 O%:?rsuél ng

unit according to claims, erelnt rd -t énperat ur e con r FTT Nge uni t
has a |i qui dt?omhdg tﬂ@nmjefcm“rmdbenprmsd@h@eat? elavehéngrimephanessi ng

uni t accey di ig f1f 16 R g%Q’EerQ a%l%%lae&hguésu{e the ﬁ%ﬁég%fix{cﬁ(g rolling

unit has a heating unit provided I'na Vic | ange.
8. A thermal proceBuimg thei pracess diulge %o ianyetf cvéai tise Sohject-~tehbeei n t he

and the thi T temseen R a0t M 1 GRS PR et Lo omtd o ed
i ndependent | 3nd ocheA pricsesa| tpbecesara haumeatiaat by déerl dd taneach 6tﬁefrs 2to
8, wherein via the O-ring (not shown). At this stage, the gas-
10 discharging pipe 7 has not been connected to the gas-
discharging-pipe connecting portion 6 of the process tube 5
vet.
Then, while the upper opening of the furnace body 1 is
open, the wafer boat 11 covered by the process tube 5 is
15 loaded into a predetermined position of the furnace body 1
through the lower portion of the furnace body 1. 'Then, the
furnace-body 1lid 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
pProcess 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, B8c, 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, 8¢, 8d,




. the gas-di schargi ng-pi pe connecting portion is bent. 10. A thernal
processing unit according to claim9, wherein the gas- dlscharglng1ﬁ @@P 2004
connecting portion is bent at 1 3 SEI' 2004 23 an angle of about 90
degrees. 11. A thermal processing unit according to any of clains 1 tc 10,
wherei n the gas-di schargi ng-pi pe connecting portion is fornmed in such a
manner that the gas-di schargi ng-pi pe cdithecti ng portion is integral with

and ext endegh1OM40e JRAGH! WnEONAL NEhowt 2 crlalhe” IRl ALAGESH] NgnYn

according to any of clains 1 wherern gas chargi ng- pi pe
connecti ng Peornaam has a cervical portlon whose dlaneter gradual | y reduces

froma dianeter af, an ugpggagg 0(%1)50 éhg é@@lc\tsn%r%org AL i o 3ﬁ?éheat| ng

thermal processing unit accordi erein an assis
unit is proumtmmﬁualng ppctnt¢ystﬂruIaereantnoal(thﬂnmaanpﬂbce$ma
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controllingtimef thkeashpplynefll éhengemwethen. gas is stopped. Then, a
nitrogen gas is supplied, and the gas remaining in the
process tube (the reaction gas and any generated gas) is
discharged. The vacuum pump continues to create a vacuum,
10 but the heating operation is stopped and the heating furnace
is cooled.
) According to the above steps, a process to the silicon
-’ wafers is completed.
In the above embodiments of the invention, the silicon
15 wafer is explained as an object to be processed. However,
the object to be processed is not limited to the silicon
wafer, but may be a ICD substrate or a glass substrate.

(Example)
20 Hereinafter, a specific example 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




15. A thermal processing unit according to any of clains 1 to 13, wherein
the first tenperature controlling unit is a resistance heater. 16] oacct 2004
t hermal processing unit according to any of clains 1 to 15, wherein the
first tenperature controlling unit has a flexibility. 1 3 SP .?2.~04 24
17. A thermal processing unit accordingsgo any of clains 1 to 15, wherein
the first tenperature controlling unit has been forrred into a shape in
advance. 18 ndldifg' B! cREARRINNGICLIPAG kOl e bOBERCRERE! usi N0
a thermal processing unit, t hermal processing uni t |ncI

heat i ng- f ur rraSESSHY i okhe Wreﬁdnhastatpdp@ﬁong;natéwr nace- body lid
provi ded at an op e a Y 1.8a tin n|t ovi ded
on an inside wall eﬂ(yf %{:Qir?(eiftﬁégfl ﬂg-%?ﬁa{%& P&delact(%%g% coﬁ%ﬂlfl .;E)f
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gas-di schar i ecti .. on f.armed an_upper ti nof t he
reacti ongco%%éai%r%r p‘%‘ﬁ‘ %gngérga&tgl n%%ﬂﬁr¥1ﬁ5c5 ot&'ﬁ‘]:" " bgl-" ther

t enper at ur e wseEhtcophengnenitt off owmudefoambdndint heagangdi schargl ng pi pe
connecting portion, and an object-to-be-processed boat arranged in the
reaction container, for holding an object to be processed, the thernal
processi ng nmet hod conpri sing:




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 tenperatuf%BoﬁtfhémM
gasdi schar gi ng- pi pe connecting portion to a tenperature substantially equal
to a thermal processing tenperature of the object to be processed, by neans
of the first tenperature controlling unit. 1f. A thermal processing nethod
of an object to be processed using a thgymal processing unit, the thernal
processing unit including: a heating-furnace body whose upper end has an
openi ng, a furnace-body |id provided &28¥Sopening of the 1 3 SF.' ?2~p~
25 heating-furnace body, a heating unit provided on an inside wall of the
heat i ng- f urnace bod a reaction container consisting of a single tube
contai ned i #-the ﬁeébﬁﬁ@@#LHWQQQ?SBBQyPnhtgayﬁﬂﬁs@hsﬁging-pipe connecti ng
portion formed at ja _ 2N t i N aL ne .
penetrating the fgfﬁggg?%%dﬁﬁﬁ%ﬁg 2§&¥b?§2§§1 - gPS%%C%%%e b a%lggfanged
in the reaction cént&rmacethedyhol i ngpravwidpflecit t eanbecpemwicessell, the -

gas-dLschargkﬁ&iggp§u£&£g§§£gg to the gasdi schar gi ng- pi pe connecti ng

portion, for discharging atnmoSphere in the reaction container, and a second

tenperature contr@ | herting t uprovicdetridedunsh t b dassidiesciaklgi o pikee, the
thermal proggssi _g&&%ﬂ% %Qg&rising: a step of conducting a thernal
process of ?he oﬁ?ect to be prdécessed by neans of the heating unit, and a
step of controllimrg zeaehien atwnsabhetr heegesditsobar gf nga pispegle atube
tenperature &Bt%?geﬁoiﬁoﬁqechegléiﬂﬁ%rﬁgcet @%dg,econd tenperature controlling

unit.
a gas-discharging-pipe connecting portion formed at an

upper portion of the reaction container and penetrating the
furnace-body lid, 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
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9. A thermal processing unit according to any of claims 2
to 8, wherein

the gas-discharging-pipe connecting portion is bent.

i0. A thermal processing unit according to c¢laim 9,
wherein

the gas-discharging-pipe connecting portion is bent at
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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 portioh of the reaction container and penetrating the
furnace-body 1lid,

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 egual 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 furnace-body 1lid provided at an opening of the
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heating-furnace body,

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 and penetrating the
furnace-body 1lid,

an  object-to-be-processed boat arranged in the
reaction container, for holding an object to be processed,

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

a second temperature controlling unit provided around
the gas-discharging pipe,

the thermal processing method comprising:

a step of conducting a thermal process of the cbject
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.




