€3eT 6T$ - 1 TITLE OF THE | NVENTI ON HEAT- TREATI NG APPARAT
FOR SEM CONDUCTOR PROCESS BACKGROUND OF THE | NVENTI ON 5 Theﬂj@rmmmwmwj
invention relates to a heat-treating apparatus and net hod f

semi conduct or process which heat-treat a target substrate such #¥1%"

sem conductor wafer. The sem conductor process refers to various types of
processes perforned to forma sem conductor, 10 | ayer, insul ating |ayer,
conductive layer, and the like on a target LSubstrate such as a

sem conductor wafer or LCD substrate with a predeterm ned pattern. This
aims at manufacturing a sem conductor device or_a structure including an

i nterconnection, electrode, and tHeME K& T5HE JNYENIdHHect ed to the

sem conduct or deyj t r trat t sem rocess,
S Vertical heat RSk A R ot Yt e R OBl g
apparatus. The gﬁ%%%F%ype processi ng 20 apparatus heat-treats a | arge
nunber of semc r wafers at once by, e.g., oxidation, diffusion,

annealing, and CVD. In the vegﬁgﬁﬁéR '6ﬁe@ﬁﬁnﬂN@ﬁﬁ@f us, a large nunber

of wafers are arrayed and hel predeterm ned gaps 1n the vertical

di rection s n 25 a Noldig,aaln oablches gohal boas - I ook diAged 0oy i s

| oaded into a vertical process chanber wafers are heat-treat ile

bei ng heat ed by Zpaatthitd and metidd RGN SR HSRARE Arg ddhapracess
chanber. As a process which forns a silicon oxide film(Si02 film by

oxi di zing a sil imet-wafeit, aa tinyaaxiddadd iy eness @ Wadmidrdiid s
process are known. 5 In the dry oxidation process, oxygen (02) gas and

hydr ogen chl ori deafleldCl) Tgees samel cuphidied trorddees procsss clanteriods t he wet
oxi dation process, water vapor and oxygen gas are supplied to the process
chanber. The dryypdasdatfi gy oerescsess ranf amte b xiadidan g raeissp et tidy

sel ected in accordance with the target filmquality. In the dry oxidation
process, 1& sili d@ystaf dmsadd bigeerl agres oXgadicst e thayversy g dde Mikie e
surface inmpurities are renoved by the Bettering effect of chloride. Mre
specifical ly, f&" &&AAEt SULHFEU S s & RGP T HelMpigkeer

shel ves by a waf boat, and ar.e.loaded in a vertjcal process _chanber. A
processi ng atnoggﬁ%F%ﬁ%ﬁﬁq#h§ t%e it GEHPE tRﬁQﬁ%E?T(N?ﬁ%Fi?FW?NB

process ChanberaiS%%%%%g%ydﬁ@ndngugahiconductor device or a structure

including an interconnection, electrode, and the like
15 to be connected to the semiconductor device on the
target substrate.

In the semiconductor process, a vertical
heat-treating apparatus is known as a batch type
processing apparatus. The batch type processing

20 apparatus heat-treats a large number of semiconductor
wafers at once by, e.g., oxidation, diffusion,
annealing, and CVD. In the vertical heat-treating
apparatus, a large number of wafers are arrayed and
held at predetermined gaps in the vertical direction in

25 a holding toocl called a wafer boat. This holding tool
is loaded into a vertical process chamber. The wafers

are heat—-treated while being heated by a heating

LT
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.gas and hydrogen chloride gas are supplied at room 20 tenperature into the
process chanber fromits ceiling, and are exhausted fromthe | ower side.
The wet oxidation process requires an external conbustor outside the
process chanber. Part of the oxygen gas and the hydrogen (H2) gas are
burned by the 25 conmbustor to generate water vapor. The remai ni ng oxygen
and water vapor are supplied into the process chanber. C - 3 As another
heat treatment, an oxinitriding process is known. According to the
oxinitriding process, dinitrogen nonoxide gas (N20 gas) is introduced at

roomtenperature into the process, chanber. The introduced 5 gas reacts with
the silicon I ayé‘iecg"faqllﬁin \iﬁfséjroscecﬁj fAFHRE k1§ RIP I YR si i con

oxinitride fil cont.ai ni ng_ni trogen. BRLEF SUNNARY.CF THE NVENTION It is
an obj ect of tg)e pr es}i‘%tai%e%?ﬁ%%”%%c}iﬁ%?%%i%esja hedR - e¥ e | gﬂrr&ppar at us

d thod f {71 t 0C.es. i th which when a target substrate
?2 tgebeohea?rt?ggﬁg%qgaggﬁkgifgégﬁgﬁﬁ%%g%é%%l%éoqrﬂ?f%ﬁﬁzat progess

temperat ure can die JaGRASat AR N 0uf Jd¢:8In 35R8Cs oo Lbe i givent | on,

15 there is provi reati ng apparatus sem conduct or process,

conprising a process 1 dMH G Watd%&/iger% ﬁg(%);g's%’sg?r{@te: a

support nenber which is disposed in the process supports the

target substrateiydrdueat @hldice herlls thes targelusdibsdd ale aeeypmdatied in

t he process chanber; an exhaust systemto evacuate an interior of the
process chanber ;chantbedh a Isupley wasts e dat P Pno de ¥ 0GRS Yasapd¥ Garidhe

process chanber, wherein the supply system conpri ses f i - 4 a conbustor
whi ch is di sposekyagnsigde tehe puppdsied Hantigre qnobdesss actemimist | athechanber,
t he conbustor serving to generate water vapor by reaction of hydrogen
dry oxidation process and wet oxidation process are
10 selected in accordance with the target film quality.

In the dry oxidation process, a silicon wafer and
layer are oxidized by the oxygen gas, while surface
impurities are removed by the gettering effect of
chloride. More specifically, for example, a large

15 number of wafers are held like shelves by a wafer boat,
and are loaded in a vertical process chamber. A
processing atmosphere with a predetermined temperature
is formed in the process chamber. Subsequently, oxygen
gas and hydrogen chloride gas are supplied at room

20 temperature into the process chamber from its ceiling,
and are exhausted from the lower side.

The wet oxidation process requires an external
combustor outside the process chamber. Part of the
oxygen gas and the hydrogen (Hy) gas are burned by the

25 combustor to generate water vapor. The remaining

oxygen and water vapor are supplied into the process

chamber.



gas and oxygen gas in the conbustion chanber and supply 5 the water vapor
to the process chanber, a heating unit which is disposed outside the
process chanber and has a heating chanmber, the heating unit serving to

sel ectively heat a gas not passing through the conbustion chanber to a
tenperature not 10 | ower than an activating tenperature of the gas and
supply the gas to the process chanber, and g gas distributor which

sel ectively supplies hydrogen gas and oxygeh gas to the conbusti on chanber
and selectively supplies a reactive gas and inactive 15 gas to the heating

chanber. According to,a second aspect, of the invention, there is provided a
heat-treating apparati® ?%?tgeggﬁgﬁBnHE%?B?eBFocégs?beﬁBFFgﬁﬁg:pé°6?§§ess

chanber which acco dat es target 20 substrate:;, a. support nmenber which is
di sposed in the Pr g%rlle)%"%n'chajﬁ%%?r Jrfbgstu%p%l?? sOEerféi*f]éJr%JeIF skbStFate; a heater

whi ch heats th : ted in th h . 25
exhaust - ayst em (S oot MR B IO Sod D S LA RERRER SRR ool y
system to suppl Vi &, 00685 9a5:d H%tg¥%%&§srcﬁa£bepfocfﬁé f@@g@gﬁ?%%hereln

t he supply system conprises a conbustor Ich 1s disposed outSi

process chanber gyl hases GAMEUSEHON CHATDET 1ajde SOMDUSHRL £ or SBE VESE, L O
generate water vapor by reaction of hydrogen gas and oxygen gas In the
conbustion chanmhersanictcupad hei Mat g1 Ve d:0id her focessy chanber,
containing nitrogen.
BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to
10 provide a heat-treating apparatus and method for a
semiconductor process, with which when a target
substrate is to be heat-treated by an oxidation process
or the like, the process temperature can be decreased.
According to a first aspect of the invention,
15 there is provided a heat-treating apparatus for a
semiconductor process, comprising:
a process chamber which accommodates a target
substrate;
a support member which is disposed in the process
20 chamber and supports the target substrate;
a heater which heats the target substrate
accommodated in the process chamber;
an exhaust system to evacuate an interior of the
process chamber; and
25 a supply system to supply a process gas into the
process chamber,

wherein the supply system comprises



.a heating unit which is disposed outside the process chanber and has a
heating chanber, the heating 10 unit serving to selectively heat in the
heati ng chanber a gas not passing through the conbustion chanber and supply
the gas to the process chanber, a gas distributor which selectively
suppl i es hydrogen gas and oxygen gas to the conbustion chanber 15 and

sel ectively supplies an oxidizing gas, an q&initriding gas, a conpound gas
cont ai ni ng hydrogen and chloride, and an inactive gas to the heating
chanmber, and a controller which controls the conbustor, the 20 heating

it, dth di stri byt . 1,0 . th t t he heati
ni ' sel ectively. Accbii 1 m ThAh g1t H T AR 1, DTRGE | o

provi ded a heat-ftreatin t hod f sem _conductor. pr.Qces onprising the
steps of: 25 acgglr%%%&é:t i%rrllgrgagl1 Saragg{o SUbsta ecq}la%‘baerﬁr otgleessédé??an%rge)c%ﬂ; heat i ng

the target substsreaﬁtvaélgtcct%mzj%%&%%é Qs afiagorﬁ byprr%%%&p:é%q{ydrogen

performng a wet oxi i on “process of oxi ng tthe target substrate to

forman oxide fidJg %é%@wg&@rﬁqgﬁwtﬁr PP ot 41 P GRS D &y} ©

maki ng 5 hydrogen gas react” wi t'h oxygen gas by a conbustor which is

di sposed gut si deHeheafifelCespoihaaheaapd dtas A RSt i on chanber, and

subjecting the target substrate to a first process other than a wet
oxi dation process by & Hyd MY wnilD wigiash | ve diasodsed heuty e sshe hanber
while heating the reactive gas to a tenperature not |ess than an activating

tenperature of tdweaesacidhaembgas dnd ddrweat ihegtumd odundden,s thes posedi rapt si de
the process chanber and has a heating chanber
unit serving to selectively heat a gas not passing
through the combustion chamber to a temperature not
10 lower than an activating temperature of the gas and
supply the gas to the process chamber, and
a gas distributor which selectively supplies
hydrogen gas and oxygen gas to the combustion chamber
and selectively supplies a reactive gas and inactive
15 gas to the heating chamber.
According to a second aspect of the invention,
there is provided a heat-treating apparatus for a
semiconductor process, comprising:
a process chamber which accommodates a target
20 substrate;
a support member which is disposed in the process
chamber and supports the target substrate;
a heater which heats the target substrate
accommodated in the process chamber;
25 an exhaust system to evacuate an interior of the
process chamber; and

a supply system to supply a process gas into the



15 BRI EF DESCRI PTION OF THE SEVERAL VIEWsS OF THE DRAWNG FIG 1 is a
vertically sectional side view show ng a vertical heat-treating apparatus
according to an enbodi ment of the present invention; FIG 2 is an expl oded
perspective view showing a 20 process unit used in the heat-treating
apparatus shown in FIG 1; FIG 3 is a sectional view show ng a conbustor
used in the heat-treating apparatus shown iﬁ FIG 1, FIG 4 is a sectional
vi ew showi ng a heating unit 25 used in the heat-treating apparatus shown in
FIG 1, FIGS. 5A to 5C are diagrans showi ng the gas supply states of the
conmbustor and heating unit for different processes; FIGS. 6A and 6B are
di agrams showi ngfmtOrFeegsgidscréaﬁﬁﬁ%/ states of the combustor and heating unit
for other different processes, 7B are. graphs respectively

u

5 FI 7A d
showi ng an i nter-pl anXt<Umt? o?l?ﬁti/u%epﬁjdyﬁ%%g?m HPFRYHTYY as experi ment al
| t bt ai ned wh I I I i
hoat- treati ng appar atie AT et f6h HE S (EER S R 0 G IRe Pe LI YL
showi ng_exper i e aly 4,54 Sy abtal st hen oKl | A 0% BHgRess: | S

performed by using the heat-treating apparatus sho in FIG 1 and by
turning onf of f tha-head it dedratd Gathd Syfodl aph SOV h adr SXREFd @t al
result 15 obtai ned when a diluted wet oxidation process is perforned by

usi ng the heat - tgpatdmy GppAsratdiss SiTOWhé nednéas tio@nthddsy: A 41 podDE are
graphs for explaining problenms of a conventional dry oxidation process. 20
DETAI LED DESCRI FEH&ON #BFe rT REad SNVENT | O Theo g ses esttamiarent or s st udi ed
probl enms of a dry oxidation process, wet oxidation process, oxinitriding
a heating unit which is disposed outside the
process chamber and has a heating chamber, the heating
10 unit serving to selectively heat in the heating chamber
a gas not passing through the combustion chamber and
supply the gas to the process chamber,
a gas distributor which selectively supplies
hydrogen gas and oxygen gas to the combustion chamber
15 and selectively supplies an oxidizing gas, an
oxinitriding gas, a compound gas containing hydrogen
and chloride, and an inactive gas to the heating
chamber, and
a controller which controls the combustor, the
20 heating unit, and the gas distributor so as to use the
combustor and the heating unit selectively.
According to a third aspect of the invention,
there is provided a heat-treating method for a
semiconductor process, comprising the steps of:
25 accommodating a target substrate in a process

chamber;

heating the target substrate accommodated in the



process, and the like of a vertical heat-treating apparatus in devel opnment
of the present invention. The 25 present inventors eventually obtained the
following findings. In the heat treatnent of a sem conductor wafer, g
_ the higher the process tenperature, the nore likely a defect called slip
tends to occur in the wafer, and the larger the thermal influence on a film
on the wafer. Hence, to decrease the procesg tenperature is currently 5
under study. Wen, however, the process tenperature is decreased, the
process uniformty (planar uniformty) on one target substrate (e.g.,

bet ween the center and peﬁi hery of the wafer) decreases. The decrease in

pl anar unifornit%r%%%%%e% ?ﬁ%ﬁ?hent as the dianeter of 10 the wafer

i . Wen th i d, th .

ni form 1y (1t er-pl BRT L QR B rEt 7 AhaeaL B (P AP E9® of £t AFGGLZb0Bst r at es
. 9., b I [ | .

ocr oates. 15 11 TS Huatned PPAr 21 (he VErcFRa haa: S TRaY e RRbiaf us,

oxygen gas and hyglogeqs it ofd d&@%r@é@séu&ﬁ’élj&tggrt@hif‘@ M@ﬁ%ﬁbon the

waf er boat fromthe upper side of a reaction t (process c er), thus

perform ng a dr yh@xiskpdn O Pre€Lss . wi th tdk $g&RSGas ¢ 20-Hhighef ot Nhich
position of the wafer on the wafer boat, the worse the planar uniformty of

t he thickness ofid h#iSpddedrnowxs e fthdn pddhee ¢ asamber dhd Shamya be as
follows. FIGS. 10A to 10C are graphs for explaining 25 problens of a
conventional drycoxbwstion graodess, &#d5S. 10A, 10B, and 10C schematically
show a gas flow on a wafer W the tenperature of the wafer W and the _
g _ filmthickness ofsibteqairy Wereaspgeti sebytrdkyggen gatinsd pbydcegen
chloride gas flow fromthe periphery to the center of the wafer W(see FIG
10A), and silicAtRAT tHEWE eretwokidad iy RraseIhd xRl yazy & As heat
of the fer Wis dissipated fromthe periphery, the wafer tenperature

i ncreases % ovar & $3fed cnt®ds (e @rcgqus dgthanRengislle Mrabdad@athon

reaction is thus nore at the center of t wafer W Hence, the

silicon oxide T 40 e B THIRACER TS R gg%ﬁ%rtft%_rﬁf_at the
Rycir bgen” chi or i G-I gaIe A AR e (64 ooy oh e ¥ GenaPats heRme
{he gases are not sur T airen y EREH AR R SFER SR e
periphery towar thdhe eiemPlcdgvafer W the generation anmount
15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a vertically sectional side view showing
a vertical heat-treating apparatus according to an
embodiment of the present invention;
FIG. 2 is an exploded perspective view showing a
20 process unit used in the heat-treating apparatus shown
in FIG. 1;
FIG. 3 is a sectional view showing a combustor
used in the heat-treating apparatus shown in FIG. 1
FIG. 4 is a sectional view showing a heating unit
25 used in the heat-treating apparatus shown in FIG. 1;
FIGS. 3A to 5C are diagrams showing the gas supply

states of the combustor and heating unit for different



of water vapor increases. The water vapor has an effect of grow ng the
oxide film A difference in 20 generation anmount of water vapor |argely

i nfluences the filmthickness. As a result, in a wafer Won the upper side,
the filmthickness is larger at the center, resulting in a so-called
hill-like filmthickness distribution (poor planar uniformty). 25 The
process gases are heated nore as they flow t,oward the | ower side of the
reaction tube. On the | ower side of the wafer boat, the water vapor - 10
generating reaction reaches a substantial equilibriumstate. Mre
specifically, before the gases flow along the wafer W they have already
gener at ed wat er ¥apor 3 hbst completely. In a wafer Won the | ower side, 5

when th t i ph t dth t f th
uhen the Broeess gasesrflonhromtls Rerl pheriLaverd the BRnl sr.of Ihe
posi tion of the yalel, Wis sialt. kENCGuAOLE T SLence, Lt higkpess, caused

by a difference er vapor generali on anoun

Therefore, the |owet, therpositi on-of wafer, the better the planar
uniformty of the thliﬁckness of I?EFFe s?%?%%’n oxide filmon the wafer W In

the oxinitgiding processsof 7A0sRE NGB Az PEt §PYEHECH b RA} il X
film(silicon 15 oxinitride film by using d?n?trgggﬁeﬁgggiydéﬁggésémﬁgn

the process tenpgttedtHel disa et easai t § hend apEak £A0ERCToFBi oPsgsved. In
this case, when the dinitrogen nonoxi de gas deconposes, oxygen and silicon

react to form a sipeérxcimeroxd derdshits Sl 1w outsdly , a tdey askiyet 20n speci es
of nitrogen generated by deconposition enter the silicon oxide film Thus,
the silicon oxirmtedes fid rpagriomsued roy hisimpy ocdesshest vetdatithe tenperature
of the wafer Wis higher toward the center of the wafer W as 25 descri bed
above. |f the praestumpediurier iBI¢ow/ t he dinitrogen nonoxide gas is
not sufficiently deconposed at the upper side of the wafer boat. - 11
Hence, in%he wafer VggﬁstH@AUﬁH%rs%iﬂ%? P52phe povinggerPebHasn el gas
flows toward the ce its deconposition js pronpted. As a result, in the

ter,
waf er Won the I%‘?/ﬁaurritsﬁ FPLIHET IR RIS F i ¢ iRgdrreteshel S center,
resulting in a so- e il1-1ike thickness distribution (poor planar
unifornity). Th}edtlc% H}eg%gbry mrdid dd'y eq%—%e(ﬁw%oar%pad%at? Sfff}g‘?/%ntjo"\’/vard
the lover side afrdne LERELIPN dUbG g HDASR: ¥hd NS dOMeY Blde, of the waf er
boat, gas 10 deconposition ﬁ?ogressé% sufticiently, or‘%el%erﬁ even if not

sufficient, than on tfg; UpPefs Si der 246 COE G yanié‘:fﬁé"lei €11 Wg%uipe

| ower side, when the dinitrogen nonoxide gas Tlows tromthe periphery
tovard the cent esbtafiddie wirera Wi aithd hsense d4t G5 P aaeonposi tion

depending on the position of the wafer W
performed by using the heat-treating apparatus shown in
FIG. 1; and
FIGS. 10A to 10C are graphs for explaining
problems of a conventional dry oxidation process.
20 DETAILED DESCRIPTION OF THE INVENTION
The present inventors studied problems of a dry
oxidation process, wet oxidation process, oxinitriding
process, and the like of a vertical heat-treating
apparatus in development of the present invention. The
25 present inventors eventually obtained the following
findings.

In the heat treatment of a semiconductor wafer,



is small. Accordingly, a difference in filmthickness caused by the
difference in gas deconposition is also small. Therefore, the |ower the
position of the wafer, the better the planar uniformty of the thickness of
20 the silicon oxinitride filmon the wafer W In this manner, when the
process tenperature is decreased, the planar uniformty of the process for
the wafer on the upper side degrades, and tge inter-planar uniformty al so
degrades. Hence, the process 25 tenperature is currently difficult to
decrease. An enbodi nent of the present invention constructed on the basis

of the above findings, will he described - 12 ith reference to. the

acconpanyi xg dlr%% .l(ﬁlheﬁ h%‘ef (ﬁqoo(?/ﬁl% %Eég%‘?ﬁﬁ‘il%m%ﬁ %%&??%eﬁ%k%}%n%nts
havi bst ant i h nct.i d t denot ed, by th
Came et or enco. rasel (R BAIP JHPL SRR A0S QLIRS S fefe ideit ¢

|1 necessary. FlfGrded S USHdLER | 0 SACLIOQ0AL 8] dB; M Syh SHEWI g & ver ti cal

heat -treating apparatus according to an e ment” o preésen

invention. This hgaiest rgatd appar 1aSe & Y, i t-dr j
unit 11, conbustor 1ei, Jﬁjgac%e?%g uni tt'ﬁlé:;,Sp and isas@%lﬁés%%%rl%4%%%%tge
control | ed by ayridr eitdp! | eth&ry, ndusvdeattid asd fbs APPREEE Mt EAR s
performa wet oxidation process, dry oxidation process, and oxinitriding
process sel ecti vidgredsed hechetprddcasd dati Ol O egsl amyid nageso gast @nd
oxygen gas are burned by the conmbustor 12 to generate water vapor. A wafer
is oxidized by usi nnd hsamgpdtersukaporatd n(d he. dryetoxe aatilon ¢eoo@Essandxygen
gas (oxidizing gas) and hydrogen chloride gas (a conpound gas containing 20
hydr ogen and chirstiggieBetalertigy WaS)T Jarde drest sl by The decitéase uimt 13.
The wafer is oxidized by using these gases. In the oxinitriding process,

di ni trogen nmonodlde aFadiidamiity dearpies Pranisitedythhadinmeten ahit

13. The fer is oxinitrided by using 25 this gas. FIG 2 is an expl| oded
per spect iWe vi ek hdRIRF tiiCHfeRe s r edthely Wi ProceER L PRt ure is

heat-treating - 13 _apparatus shown in FIG 1. ., shown in FIGS. 1 and 2,
the heat-treati r%jge‘%ﬁﬁais%rl)’ ﬁg’se é”i?é:reﬁscé}n#eqa‘tnpt]tr%gf]irhtge’?—tﬁjrﬁ@er 2. The
heat-treating f . te t-he gas. di stri.butqr .14 through a
first gas suppl ;ﬂfr{&?%grnéﬂ@ %gr[rzl)(rj}le%coa g)nltlfekx%lgﬁcs‘? Orrfecajtnasrglq} th o tglﬁa%ﬁ"ls exhaust

pi pe 20. A waf er(eb.cd&]a.t, %@c%«éﬁér?‘ﬂb‘%@rt atrﬁpllfd%\;eﬁ%ﬂz 901+ eorb%\gg rs Wis

detachably arranged in the heat-treating furnace he waf er at 3 1is

vertical ly novegritex dyafarsdericimat or 30 disposed 10 at the | ower
portion of the heat-treating furnace 2. The vertical heat-treating furnace

2 includes a verticallt eiactd sHurtatbec Ha ocas sticdharder )c 21l nede-ofea €18y »
gquartz, and having an open |ower end. A heater 22 serving as a heating

means forned of appagatukh axhyesn ngs egidsthyrdrdeemdicpaseidd aauramund t he
reaction tube 21. A thermally uniform zing tube 23 is disposed between the
reaction tube 2Bupkd ieshtter t2e WHfenshamdile wafiformrati Myrdmbthe 3ipmer
supported at its .
side of a reaction tube (process chamber), thus
performing a dry oxidation process. In this case, the
20 higher the position of the wafer on the wafer boat, the
worse the planar uniformity of the thickness of the
silicon oxide film. The reason for this may be as
follows.
FIGS. 10A to 10C are graphs for explaining
25 problems of a conventional dry oxidation process.

FIGS. 10A, 10B, and 10C schematically show a gas flow

on a wafer W, the temperature of the wafer W, and the



I ower, end by an insulator 24. 20 A gas diffusion plate 21c having a | arge
nunber of gas holes 21b is disposed in the reaction tube 21 slightly bel ow
an upper wall 2la. The first gas supply pipe 41 extends through the
insulator 24 fromthe outside and is bent inside the insulator 24 into an L
25 shape. The first gas supply pipe 41 then stands vertically upright
between the reaction tube 21 and thermally gnijornizing tube 23. The distal
end of - 14 the first gas supply pipe 417°projects into a space between
the upper wall 2la and gas diffusion plate 21c of the reaction tube 21. As

shown in FIG z’ﬁﬂfﬁmﬁ%ﬁsogé%ﬁqggégﬁefe%ﬁ@ 50qa tog -'@%&31’9}?¥$]%&t0m
plate 32, and a 3 C nect"4 top

ol uma 33 at g 1IPe H et AT  Gie e et ot T Rl war e
inserted in the r 0QVv, e re d izontally. The
waf er boat 3 i sﬁ% zlitgleeg cge(r%]lt:esq ioipéffpet r#%eg‘{ﬁ“ \é\./sge.‘? a 'eaw)n’suai‘% i ng
cylinder 35 servi:ng iﬁ%?g teg N her T | ) oses an
o%e_ni ng 25 at théelr]]gloc\?\.glr %eﬂaﬂ{(% t he r?ewa(r:!Ltgsl on tu Zeedzril.?y 'Ifhkge ﬁozeg(afé)e?g %aﬁs'ul ating
cylinder 35 is plagReion@ i Rk B0 s aidd SHd At BhhYrige dri vi ng

section Mthrough a rotating shaft 37. The driving section Mis provided to

the el evator 30.pckigHdr,,34He valftachaghdardthe el gt sedd . + hers thee
el evator 30 is noved vertically, 20 the wafer boat 3 is |oaded in or

unl oaded from t heerttent - (FeeatFI@ flOBlacef Zhdlvafetr i s Theantidnaiowi ew
showi ng the conbustor 12 used in the heat-treating apparatus shown in FIG
1. As shown in Hdactlorn hies domrugmmdizd snaonrectigt Ehtoar sdfiechide
vertical heat-treating unit 11, to the upstreamside of the first gas
supply pipe 41 mefenfW. e Hencequditer siAsighowkiide AiGm Fende worust or 12
has - 15 a concentric double-structure portion 50 fornmed of an inner

pi pe 51al&nhd outld Geie S -hmdendier ehpn 3t dheRrarPhri t Be€n i nner
heati ng space 52A is forned inside the inner pipe 51la. An outer heating 5
space 52B i s f o€t Bét9leen the inner and out er pi pes 51la and 51b. The

i h i A i cat i.th first i nlet pj 1 it
ext ands forvar d. - The DPET Hoct e aptes & 14 caiart tid O Rdrod  cam

10,5105 29 COMLETES, Wiy SR SRSl el BLPR.Jen P oSfIN 82
Oome! L oo R S L s, GVl G P i
15 side of the wafer boat, the gases are not sufficiently
heated. As the gases are heated from the periphery
toward the center of the wafer W, the generation amount
of water vapor increases. The water vapor has an
effect of growing the oxide film. A difference in
20 generation amount of water vapor largely influences the
film thickness. As a result, in a wafer W on the upper
side, the film thickness is larger at the center,
resulting in a so-called hill-like film thickness
distribution (poor planar uniformity).
25 The process gases are heated more as they flow

toward the lower side of the reaction tube. On the

lower side of the wafer boat, the water wvapor



15 and first gas supply pipe 41. Another gas flow channel extends fromthe
second gas inlet pipe 72 to the reaction tube 21 through the outer heating
space 52B and first gas supply pipe 41. These gas fl ow channel s correspond
to the first gas flow channel. 20 For exanple, a helical carbon w re heater
53 is disposed on the outer surface of the outer heating space 52B, and is
covered by a cylindrical insulator 54, For %xanple, the heater 53 has a
string-like body and a helical quartz prpe; 25 The string-like body is
formed by knitting together a plurality of bundles of carbon fibers

containing a small ampunt of nmetal inpurities. The quartz pipe . - 16
accommpdat es and &L 1Ke IFGHEN 1S BRFY 2 THE Hdtdr2 53 Gl iddn heat

pover control | ePBES A Hae CHRGIETISr 5 LB 19475 S A 21ong
heat -treati ng appar at out pyts a.signal. coryespondi o] reset heating
temperature t ha'?C%iet w@é%rgwat .eyAk]taev%péa\'ldst S%ﬁ‘seoﬁ'ar}%ﬁit |"ﬁ"atteﬁe ¥ARAMi ty of
t he heater 53 and_farne f., .€..Q, , t her upl e.out put.s a tenperature
det ecti on si gnalrl‘g.mo%ce c%(l)n%elret g‘/c'onf’lrnolr% erg%% @Jorﬁnr ol{lhga aloﬁ"'oev\]ferSlsueﬁpl y

healing Spaces SOR aric 5 I8 KoM ERs W h & Bowict FeAm eSS B bhanbt

heati ng spaces communi cate wt st1on chanber

59 When wet oxi dafd Qrtert @ hemRerfadred, by s fte AHOgeN W das, At
oxygen gas as the process gases,the hydrogen gas and oxygen gas cause

conbusti on reactgediRdalt itohe &S depereiaipen Thd pIENEcH & MalRy vapor
the inner and outer heating spaces 52A and 52B communi cate with a

downst r eam conbustfiean Wehambara139. Weercajeta oXiffairiantd S atiersdor ned by
usi ng hydrogen gas and oxygen gas as the process gases, the hydrogen gas
and oxygen causeat®iusty @n diddetrence nnt hatsd tvapgen ereates atdtcer arsport.

FIG 4 is a sectional view showing the heating unit 13 used in the

heat -t r ed0i ng apFarcdisgs sstedin i Fherefioge,1.thas lshiswn the Blogitiion e heati ng
unit 13 is connected to the upstream side of a second gas supply pipe 42
made of, e.g., ¢&& WALethe thecHeFtgas t%’t?p;ﬂl)ﬁf}ﬁrpélwzf%fﬁ%ﬁéhéétpftﬁ@n t he

first gas supply.pipe 41 between the vertica &et-treain unit 11 and 25
conbust or 12. T%@l SRg Ui el:?lﬂéézoél l?é‘ét‘*en lg"l‘i‘hr?ﬁ‘ertth@l%@(ﬁ}ﬁ%&'ed to the
second gas supply pi and .made .of., e.qg., trans ent. quartz. As shown
B Clr i R tin Yt Bl e ERE SSEREEts R o A
heating pi pe. Thi. i_| i : dnner. di .ar_ | ar.ger, than that of a
third gas suppl 3131%?%%‘3%3’# ﬁqglgﬁ%zr?ggtlﬁ I r?){jhd%n?algmpa(?;lg‘ﬁé:o Irection. 5

The thirdsgas supiiy thiike 3 1)t KAV d fael_nqr&%g%% RN B, n

channel extends fromthe third gas suppl’y pipe 73 to the reacti o_ﬁ tube 21
through the heatthRg pelbaiker tehpaid 300Nt R rEHRAd, RIRe dbhe Hirmidrs, f | ow

channel corresponds to the second gas flow 10 channel. A breathing
resi stance nmenbers 62siexvaidspoded thi st askgatiheg dhanrEmniGlrodden heat ed,
t he breathing resistance nmenber 62 serves as a heating nedium The
br eat hi ng resi str@noxidenigers 62 camposaspl icey gerbreat fHilg cbh nesicdt dnce to
t he gasses passing through it. The breathing resistance nenber 62 is fornmed
of an form a silicon oxide film. Simultaneously, the active
20 species of nitrogen generated by decomposition enter
the silicon oxide film. Thus, the silicon oxinitride
film grows.
In this process as well, the temperature of the
wafer W is higher toward the center of the wafer W, as
25 described above. If the process temperature is low,

the dinitrogen monoxide gas is not sufficiently

decomposed at the upper side of the wafer boat.



aggregate of a |large nunber of pieces nade of quartz, a ceramic materi al

or the like. In this enbodi nent, the breathing resistance nenber 62 is
formed by fusing a 20 | arge nunber of quartz pieces (e.g., beads). For
exanpl e, when the second gas supply pipe 42 has an inner diameter of 20 nmm
t he heating chanber 61 has an inner dianmeter of, e.g., 60 nrmmto 80 mmand a
| ength of, e.g., about 100 nmto 200 mmin_the breathing 25 direction. Each
gquartz bead to be filled in the heating"ch&&bef 61 has a dianeter of, e.g.
about @1 mMmto QL0 nm J Y- 18 A carbon wire heater 63 which forns a

heating nmeans is_helically wound around the outer surface of the heating
chanber 61. For H8BGfl &P tHe nedisdr BPhdL s WRShgEid%e sodyhaand a hel i cal
gquartz pipe. The, 5 string-like ho is faormed by knjtting together a
plurality of buftiEE T RITLMRSIR At Oédsnitr%r’aafint&}ﬁ ' oftshet al
inmpurities. The uartzrsoitpe accommodat.es an%seal St string-like body. In

FIG 4, reference T als b4 Lohd GGt e FovETS 10 s bl amatend a
term nal , respect] \‘c%ley’lo%%f @%Jéeatteﬁre qfé&mThTﬁli%el&g J.%a_,LInais}eg{TeBrGJatanctheat er

63 are covered by a cylindrical dasing € casing de of; e.g.,

a sintere insuI:aerTg:r f  gh- it i 1d | 5 i . j n
j acket 66@i s forne elrﬁ t%eﬂgz}g‘l%rgg %10.% Aé 02-8%\l;i%O?)ﬂeﬂg—Fﬁc%I)Ehnlg]{/}m%geér , gf | ows

t hrough the coolding jidsrkato b6 RIS tthe Meatielc £3 «)n the breat hing

direction). Cooling water is Supplied to the cooling jacket 66 froma
cooling water 20 suppihe Wiirithbgeh tneimataddirgadet eHHt B . nErd.as ait

t hernocoupl e, is disposed between the cooling jacket 66 and heater 63 in

t he casing 60. Hewsnmpaaatdirtheddiosetrors il deft aties ndw-tiemeanadaire in the
casing 60. On the basis of this tenperature, the nmain controller 25 57

out puts a contr dlersiggnan tthet Heowsowsridsumd ycheniwa st o twoglasng wat er
supply unit 67 through a supply anmount controller 69. Thus, the power

suppl y affunt t glecompopd tide Hrearesse® awf fivd agddivi/npmdieditesuppl y anount
to the cooling jacket, 66 are controlled. That is, the heating chamber 61 is
adj usted to a prad@® drfningdd sdfdsiantre HRR K8 htuAIPRFersdon of heati ng

charber 61 of RS HERTRTunie Pheaite e Tbrlattiing P S difve AEDED %2
filled in it f‘”&?ﬁ%é%% en?§&£¥§¥¥%é %%% S Re It f%ﬁ’%hé'ﬂé%%ﬁhéﬁyﬂPo“%B&F
the center of the wafer W, a difference in gas
15 decomposition depending on the position of the wafer W
is small. Accordingly, a difference in film thickness
caused by the difference in gas decomposition is also
small, Therefore, the lower the position of the wafer,
the better the planar uniformity of the thickness of
20 the silicon oxinitride film on the wafer W.

In this manner, when the process temperature is
decreased, the planar uniformity of the process for the
wafer on the upper side degrades, and the inter-planar
uniformity also degrades. Hence, the process

25 temperature is currently difficult to decrease.
An embodiment of the present invention constructed

on the basis of the above findings will be described



specifically, the process gases are introduced through 10 the third gas
supply pipe 73 into the heating chanber 61 adjusted to the predeterm ned
tenperature. The process gases and the heated breathing resistance nenber
62 cone into contact with each other. Therefore, the process gases can be
preheated to 15 a predeterm ned high tenperature of 300C to 1, 100C,
typically 800C to 1, 000C. As shown in FIG %, the gas distributor 14 is

di sposed upstream of the conmbustor 12 and hk ting unit 13. More
specifically, opening/closing valves VA 20 VB, and VC are connected to the
first, second, and thirg as inget Eipes 71, 72, and 73, respectively. The
first gas inlet PipB ¥3LPECREANERt ERCt BCEORPARBLBA §48W4BEr celB1ERA val ve
V1l and a nass flgmifontroller NFltas a fIOMIcgntr Ilfr are connected m dway
al ong the 25 first ga% I 8¢°pF pREYID, TheREkE: Hﬂngag FREBESpPpELRS s

ted t 2. A val V2 fl troll
conect ed, 10,0 SIYSFR0PS, FOVERE B2n ANBLYSANE, a0 8 pEss.tlov coptrol |
nlet pipe 72. THEndBLAthanSUPRLY PLPErdd-L ANGOPSI LM 8naal. . FOUT |
pipes, so it is connected to a nitrogen gas source , dinitrogen nonoxi de

gas sources 84, hygsogepi ¢l 9Lsde; C n ygen ce 86.
Val ves V3, V4, V5§éand bB, and n%%%g?ﬁoﬁgg%n§$gﬁ?%énggg,gﬁFﬁgéﬁiggyghd VF6

are connected to the fpgr brasch Pepescalle 8X¥HEBnERS QM §€8wB2nBNINE
can be one common gas source. 10 The operation of the heat-treating

appar atus shown a nvétiscdl ikt berdestndy besoa Wi ths t hbco ppPag atsisana wet

oxi dati on process, dry oxidation process, oxinitriding process, and the

| i ke can be sel ezthodimgeperddrinee proesert ginvenwwhber athést arget substrate
with 15 a silicon layer exposed on its surface. In the follow ng
description, théreperredpnsnampbrifaies vds theveryioxl da¢aontpeacisg, a
Bettering process, the oxinitriding process, the wet oxidation process, and
di | ut ed oxi d&dtilont br cegRRuSk oY b:g' deerk imedundt skjueand agdy. (Dry

Oxi dation Process) Wen the ppin controller 57 selects the dry oxidation
process, it sena‘ig%%f%lﬁ% dﬁh’f%hf%’fet%én%ﬁ:?/l%%daﬁ%ﬂ“%%%cess to the

heat-treating unit_ 11 5 ¢ ust.or 12, heating. unit 13, and gas
distributor 14. T YHE eelétﬁr‘t)egjﬁhluh%]}h‘%ﬁ{rfl CALLRAr PP AT %r} e.g., 25
to 150, sem con e - ubstrates are held
li ke shelves by ‘t eﬂvga@?r %%%taw)gfd%%eor} ?F%]g(r?%%sfs’ofg%%e&fle%%ﬂ%rh RUpe2 i s
heated by the healeros il A d&% & RLedat ef il ned tﬂgﬂﬂg tyLe. The
sem conduct or maferéDVbare | oaded i nto tﬁ% reég{ﬁ%%§5 t ube ‘%%Fthe waf er

boat el e or 3Qx it e Brtds Ahfd¥eoddn ng;@ ARend &S {@g netd cally
closed by the Iid 34 (the state of FIG 1). Successively, the tenperature
in the reactionduhee®by sth@ic@buistor 12 to generate water vapor.
A wafer is oxidized by using the water vapor. 1In the
dry oxidation process, oxygen gas (oxidizing gas) and
hydrogen chloride gas (a compound gas containing
20 hydrogen and chloride; gettering gas) are heated by the
heating unit 13. The wafer is oxidized by using these
gases. In the oxinitriding process, dinitrogen
monoxide gas (oxinitriding gas) is heated by the
heating unit 13. The wafer is oxinitrided by using
25 this gas.

FIG. 2 is an exploded perspective view showing

the heat-treating unit 11 used in the heat-treating



a predeterm ned tenperature, e.g., 800C, and is 10 stabilized. In the step
of loading the wafers Wand the step of raising the tenperature in the
reaction tube 21, for exanple, nitrogen gas slightly m xed with oxygen gas
is supplied froma gas supply pipe (not shown) into the 15 reaction tube
21. When the interior of the reaction tube 21 reaches the process
tenperature, gas supply is stopped. The interior of the reaction tube 21 is
evacuat ed by the exhaust neans 15 through e éxhaust pi pe 20. Thus, the
interior of the reaction tube 21 is 20 slightly pressure-reduced. In this
state, the tenperature of the wafers Wis stabilized. Then, the oxidation
process is perfcbRsdatife heatt A i 13 | £ whied o FHeS powend iopl y
anount to the heater 63 and the cooling water 25 supply anmount to the

cooling jacket 68CareadoiticRte® Wt e ihferd dreiditadle Mttt alidiher 61

h t_t t f, eqg., 1,000C_Inth | - 22
distributor 14, THEAPR ves VEal Al e OPehddt PRRE Gy erf e chasl to
hyd hl ori , i.vel dj.ust ed .t edet i ned fl rat b
(he maes 110w CONtT Seioers e BARE R A e e i RS 61
t fl t fr .94 +10 sl t i j e, t t 12
Curned of £ - and e 05t 585 Tn U Ml st MR et SR Srbustor
12 are closed. Asshown iR BlGe Shodhe RIOCESS, matH(ﬂWd.fl Hdis 1y 9aps

of the breathing resistance nmenber 62 through a ther y uniformzing tube

in the heating chanben6lawide Al R RN AGanddd ithehy eat hi ng
resi stance nenber 62. Wiile flowng in the heating chanber 61, the process

gases are heat ethela®-tee@tinted@urhad0Q. 1ThdeneFert M aaxypean gas and
hydrogen chl oride gas react as in the followng fornulas, so a small anount
of water vapor orrtheadrldemosfed é&yg.a waeiear ddoahturdreach tapm3 arall dpsed
generated. 2HC1L -. H2 + Cl2 20 H2 + 1/202 --~ H20 The process gases heated
in this Alnner ate thigppglowed o rtherhedt -thee dicaniy thheatdos X urramegl? .t he
second and first gas supply pipes 42 and 41. The process gases shift upward
i nside the thernally ™% Wifdadlz il tieat3inthifumga @ higwtletlesand 1 ow

into the upper portion of the reaction tube 21. Furthernore, the process
gases are Supp|@egeg61cal reaction tube (process chamber) 21 made of,

e.dg., quartz, and having an open lower end. A heater
22 serving as a heating means formed of, e.g.,

15 a heating resistor, is disposed to surround the
reaction tube 21. A thermally uniformizing tube 23 is
disposed between the reaction tube 21 and heater 22.
The thermally uniformizing tube 23 is supported at its
lower end by an insulator 24.

20 A gas diffusion plate 21c having a large number of
gas holes 21b is disposed in the reaction tube 21
slightly below an upper wall 2la. The first gas supply
pipe 41 extends through the insulator 24 from the
outside and is bent inside the insulator 24 into an L

25 shape. The first gas supply pipe 41 then stands
vertically upright between the reaction tube 21 and

thermally uniformizing tube 23. The distal end of



- 23, the process region in the reaction tube 21 through the gas hol es 21b,
and are exhausted fromthe | ower exhaust pipe 20. During this period of
time, the process gases enter anong the wafers Wheld |ike 5 shelves, to
subj ect the wafers Wto a predeterm ned process. Mre specifically, the

chl oride gas renoves (gettering) contam nant netals on the wafer surface.
The oxygen gas oxidi zes the silicon |ayer gr]l the surface of the wafer W
thus formng a silicon oxide 10 film These process gases contain a small
anount of water vapor, as described above. The oxide filmgrows because of
the water vapor. During this process, the process gases fromthe heating
unit 13 flow to tHe @dﬁsﬁuﬁaosr SUPR I R t‘ﬁe PP K coh - B 1 $R3CYas suppl y
pi pes 42 and 41. Itf t he val ves VA af{r}]gyv connected to J{he. first and second
gas inlet pipes SACGRRD 721 (&gt yﬁaofari egac%n‘?ﬁﬁfs B A Rt oked,

t he process gases rely enter t C ustion chanber 59, and do not flow
to the upstream rTes%}edelyeo Crkt e c%fﬁ)eugﬁo'on chanber 59. The silicon oxide
filmformed by the dr i i cess r o hi odi pent has
excel l ent characteri SE[YSI ggsﬂ(?ﬁji b%?hﬁ%e%’l a%géqﬂ%l{&gréﬁs)ﬁ/ %ﬁhdf%tég?gg1 anar

uni formity, of the ¢hi cknass 3iThi-s WBMAE 26 dues20 dhe 4 9bl oM ng § eason.

The process gases (the gas m xture of the oxygen gas and "hydrogen chl ori de

gas) are heated dyidmies heat | Mhdidlukdhd B3 Gdhned®dhe topldsH0HC, and
activated, so they are thermally deconposed. Thus, small anounts of water

vapor and chl origsi st tgeneylaited. 32Evern tgiendLnpey &l firgr steed L ases , féhgedat er
vapor and chloride once generated 5 in the process gases do not reduce in
anount. Assune timattheaterlumapordaret cdpy iide tdre wgeneradtled yedthsomheat | ng
unit 13 at a tenperature higher than the process tenperature in the

reacti on tube 2fThen\asdpas athdhsy otdsr ydbesrarimsdied Whithesdey flow

t hrough 10 the second and first gas supply pipes 42 and 41 on the secondary
si de, chafges i PRIV Focs Lhaadefarse V‘Erﬁa‘[ﬂ hee gk hamierntel bf ocess gases
are heated in the reaction tube 21 after that, the :gqgnerate no nore water

vapor. In other W& d8fehPRlockds PAASLDR FethiivhtE HFFhhe® 1feat i ng
unit 13 and are thermall econposed sufficjently., Wen th rocess gases
enter anong the ee@rrrf‘si ’\ﬁsé‘ﬂfc Nid %gef s[fo%‘flrfﬁ dheéy gener at ed
wat er vapor and igg%tgg}%a'n{é‘?r?&qeﬁo"ﬁ]heet ol ¥y e ge'];ngsrs/ec%]]cgg]ees }’E‘rjogéesrpﬁ{eg vat er

vapor and chl ori alned’in € process oW n m

O oy ¢ f - !
periphery towardd he G§d &y f'eﬂ'g:h I8 {e \%[éad’cec:Lac! o kﬁ]%.sanﬁjé’i hdég{%f the

position. As a result, even on waf er W1 ocate e upper Ssi

wafer boats 3, theduildRifrf Bl aPeyatiPhcddonat eluMaRd 1k t @5
Bettering operation by chloride take place to al nbst the sane degree within
the wafer surfade ddanassd e glanarinnidartidy wftHiwidhi L khess: fragones
good. - 25 Furthernore, in the prior art, the lower on the | ower side of
t he waf er boat Zhafhe 3or e Theneiratviony cfeataitcer M aporpandiddd dra de
progresses. On the upper side, the thickness uniformty is poor. The | ower
the 5 position dfhe redapdft@r, Ihe Bdta drid R tid ckifesshatifortiay. |n

contrast to this, with the dry _
elevator 30. When the elevator 30 is moved vertically,

20 the wafer boat 3 is loaded in or unloaded from the
heat~-treating furnace 2.
FIG. 3 is a sectional view showing the combustor
12 used in the heat-treating apparatus shown in FIG. 1.
As shown in FIG. 1, the combustor 12 is connected,
25 outside the vertical heat-treating unit 11, to the
upstream side of the first gas supply pipe 41 made of,

e.g., quartz. As shown in FIG. 3, the combustor 12 has




i i hat
: : i he generation reaction t
oxi dat i on process according this enbodlnEE;ittlg ?s used has al ready
occurs on the |ower side when no heatlcgriations in thickness distribution
occurred on the 10 upper side. Hence"nter-planar uniformty of the
among the wafers Wdecrease, and thﬁ |te erature is higher at the center
thickness becones good. Strictly, the sonPhe hi ckness 15 tends to increase
than at the peripheryfpf Ehglgggervxin howev8r, “t he hydrogen chlorhdfigﬁs
enter in the firs . e ) ; to performdry oxida ,
g;dtggygen gas are heated by the heating gghtcéﬁsequgntly the thickness
the filmat the partahgéﬁgﬁﬂ?ﬂ?gﬂﬁgég\é\gfaﬁéurs PRECLON| 6 f9:1edaseR. ahn L he
[ mty becomes good. i btained in the heating
{Sacti on {ube 21, thesvai g vepo n R Rt 561 SThanogs e i rengo. 1 he
13 flow fromthe periphery toward the s|ightly decrease toward the 25
concentrations of*litémiz}i)ailﬁq@]?%?qntgﬁgﬁ gﬁi\én B%allt”?% ilﬁ%a%%ng h@p@cﬁ@- i @):hk_ryshg; sgr ess
r. As a result, fil ; <i i ckness at the peri phe -
Fargel y, S0 the um@dhmﬂ%eegegg{é@raﬁ%%éegﬁ% by ST HeR sty oy
- 26 Since the pr . ting unjt 13, the
igt > hey can be agdﬁtai%fé@ su,s{ ;ﬁan;rﬁadu Lbr]éécv\lhe;bé% *ﬁ%%@h%esrggnéjpém;ﬁr. Ephlpes
: 61 is fored of quartz, heated to a hig
;??gﬁg;nent. Henc X @Wé%%%ﬁb:ngnfganggrdgicfﬁgegeabgve1 t he heaper|63 h?fza
erature of, e.g., c O e n ed hel i, qua
ts;e)ggi al structure for dﬂngr?martgmlglols%yah@dkm)st% gﬁgOH?[r(‘jlgleltCﬁere.Sa w&l?%‘r ity ﬁf
s oo DRSS et i 1
bundl'es of c he string-like body.
quartz tube aﬁg°§ﬂg§?f§3?§$ﬁg3§$%gig5gﬁeiﬁeaghﬂ@rﬂb@é@ﬁb?ﬁitﬁ?ggfk?ﬁam
resi stance membe into contact wit e .
Py e e deAt S ug‘?‘”ﬁ‘ﬁh@ﬁ% ;whﬁ?l@same¢dfmp@§sgﬂ§lﬁ’?ﬁ§f%éeg 25 20
resi stance nenber - ' . r 62 is filled in !
T AR
nber 61. Thus, e . : ce nenber 62. i
Comi 9 1o contcn W e sl 19,565kt snce merber et by
time of the proce o cess gases themsel ve
e 0 e e e A g e
the heater 63, an _ i st ance menber Cfo
?:2?§?agge menbéfagion tupg 2§Stgggu§2§%%%;3%ﬁ%%ghgﬁ H@Qéﬁp@pea@@@t ~1 mm
tz_pieces (e.g., bea / entire surface
o G0 mhvare ueBd fxss st or arearcantbe resernginedodine Lhpucbsngases
5 large_heat transfer area ca ’ cond._gas supply
2;ﬁa,beaheat edgeﬁ“?%pgﬁt lnymTEbePﬁz?ongrhggﬁntbﬁgeg}%% gs§ga§ stgﬁf ficiently
i e con d to _each o . ' ) 0 on as
g;??vgfegrby thg@%%é&?%gt%m%n%%rtE;o@g@ Sippbi £er tRe s ben 05586904, 9
supply pipe 42 aﬁa'€&£§¥rE£%'EdE£1y Pipe 41. These gas flow channels
p

correspond to the first gas flow channel.

20 For example, a helical carbon Wire heater 53
is disposed on the outer surface of the outer
heating Space 52B, and is covered by a cylindrical
insulator 54, For example, the heater 53 has
a string-like body and a helical quartz pipe.

25

The string-like body is formed by knitting together
a plurality of bundles of carbon fibers containing

a small amount of metal impurities, The quartz pipe



.hi gh-tenperature state. Since the process gases are supplied to the
reaction tube 21 while holding a high active degree, a process with a good
pl anar uniformty and inter-planar uniformty of the thickness can be 15
performed, as described above. (Lettering Process) A Bettering process is
performed for renoving the contam nant netals on the wafer surface. Wen
the main controller 57 selects the Bettering process, it sends 20 operation
signal for the Bettering process to the he 6-tr"eating unit 11, conbustor
12, heating unit 13, and gas distributor 14. In the heat-treating unit 11,
a large nunber of wafers Ware held |ike shelves by the wafer boat 3. 25
The interior of RAEECTBRALR T %%%eséilﬁsth§a§561E9‘XhEehE9ﬂér 2Phen advance
to a predeterningd tenpg ature. The wafers Ware |oaded into the reaction
tube 21 by - beatehe hafrehahes el 8T ht BPOROT e GRRE 4pRNP AR 280 hEa T Re

f ing js hermetically closed by the lid 34 (t tate of FIG 1).
Succesci vol v, | ChELTAREy At StREEY GhtRT onot HBRISTEFY Fai SckotETa

predeterm ned 5 €x-€. On, C i tabiLized, The.heating
unit 13 is turne%ggﬁfé %fp%%brquﬁ%gg %%%Eﬁ l?%§t§2 #%ét%?ngﬁoﬁgﬁnghe
coolin er s REDUNE i J re. rolled, so the
interigrmg% theuﬁgg%ing chaﬂ%%?iﬁﬁ %gg%%%gugaﬁ%ﬁ%?gge? géﬁggiature of ,

e.g., 1,000C IncéheegasndisdrtHul Obrddet tHEaV RN Y CBeBe ARELVR K& OPENed.
Smal | anobunts of oxygen gas and hydrogen chlori de gas, respectively

adj usted to predeseighaessf| o fahesSryuibesamssr f bow gophé ol 151 Mr6-and
MF5, flow into the 15 heating chanber 61 at flowrates of, e.g., 0.01 sIm

to 1 simand 0. Ohsliedted 53 nmandtféhnedto e, et die, canbhstoscddplis turned
off, and the valves VA and VB as the primary side of the conbustor 12 are
cl osed. As showoufpE 5 a SBmpéiea puoe edst gasesn f $bgnahst heTR2€ gapsr of t he
breat hi ng resi stance nenber 62 through a thermally uniform zing tube in the
heating cHanber &Nkl kerord neprirelzontpeven stpphe drednhi by tksi st ance
menber 62. Wiile flowng in the heatjing chanber 61, the process gases are
heated to, e.g., DerRERr 19d0VC. the hphie of nEhegelr obema sl ori de gas and
oxygen gas react, so the hydrogen chloride gas and hydrogen gas are present

in the nixed state. The®ptotets2ydseutrbaledting spaces pAPsRENAER are
lied to the heat-t ting f 2 th h th d first
subbly i pes. 42 AL ERE TRt A ute it Homnie TS cendMint i bntor
th f | d 11 |
redet e mi ned prifenardARustiay s 0 SY BE ol I by ElTg M ideduen

chloride gas renpye {Betde5ddi)q£oON @mmant rJes 2k fs%é’%‘ﬁgetn%%‘;}gédf&ééﬁce-

The predeterm ned Bettering process is perforned i

Successively, e.ghs @hdedxlderOXiaaldtlsHr O6RSSs t Soeré HEFEGh W tind he
Bettering process according to this enbodi nent, since the hydrogen chloride

gas and oxygen gasnauset o fdlcamsdt y5 head egeranch eetwatd edvapot he heating
unit 13, they react sufficiently. Hence,
FIG. 4 is a sectional view showing the heating
unit 13 used in the heat-treating apparatus shown in
20 FIG. 1. As shown in FIG. 1, the heating unit 13 is
connected to the upstream side of a second gas supply
pipe 42 made of, e.g., quartz. The second gas supply
pipe 42 branches from the first gas supply pipe 41
between the vertical heat-treating unit 11 and
25 combustor 12. The heating unit 13 has a heating
chamber 61 connected to the second gas supply pipe 42

and made of, e.g., transparent quartz. As shown in



.15 hydrogen chloride, hydrogen, and a small anount of water vapor, which
are reaction products, are present in the mxed state. The Bettering effect
is large, so the efficiency with which the netal on the wafer surface is
removed is inproved. Accordingly, when a 20 wet oxidation process is to be
performed successively, an oxide filmis formed on the wafer surface where
metals are renoved. As a result, a hi gh-_quzil7ity_ filmcan be obtained.
(Xinitriding Process) 25 Wien the main controller 57 selects the
oxinitriding process, it sends operation signals for the oxinitriding
process to the heat-treating unit 11, - 30 conpustor 12, heating unit
13, and gas di stﬁ‘%ut%r% %er?q:tlﬁig t@’zﬁ“lqer%a%)]i ng u‘nir%?lfm% ,Oé % ar ge nunber of
wafers Ware held .l.ike shel ves hy the wafer, boat 3. The interior of the
reaction tube nyilsmﬁ%dtc \b&f'attﬁé’gs & er 229 Mot diE £1RF 83 bt er ni ned
tenperature. The wafers re l,a i,htQ the react] tube 21 hy the wafer
boat el evator 3§.n fe d@&ﬁ?ﬁﬁ% ﬂ“f%%q‘:t r%af%urtnr}laacte ngpeaniq:rqlg“fog Het rﬁal‘%lﬁpcjéf |y

COOTel by 1 he L Y RGP i S 10nddiBa W HESRAS IR Y d NELLRIMRSAL LT ©

10 in the reaction tube 21 is rals to a pr

800C, ands s staid it T heRdIng giid 78 drst KAt Ahe THO AT SuUpPI y

anount to the heater 63 and the cooling water supply anmount to the cooling

jacket 66 are cigd. eth gy FQ dwheHaHRIT Wxtdndherhaating haresaH1
reaches a preset tenperature of, a. g. , 900Cto 1, 000C . In the gas

di stributor 14, supplvalpieeVy i sooptrededdthidn ageie minaxtixtigasshadj ust ed
to a predetermned flow rate by the mass flow controller MF4, flows into
the heating 20 dlesathiery Ghaatbexr fdlowndatseaaind eyap ,suplyngipe M B] mMTHts t hi s
time, the conbustor 12 is turned off, and the valves VA and VB as the
primary side of gt Borbwheomel? corresipssets s Wiwnwedand-ig@@s 530w he

di ni trogen nonoxide gas 25 flows in the gaps of the breathing resistance
menber 62% hr ougha@®er mal |y uniformi zing tube in the heating chanber 61
while comng into cont g%q with the breathin resi stance_nenber 62.

- 31
Wiile flowing in theth %Fﬁ‘ld}garﬁ?e?l%tﬁnqqhg“ed‘i‘k?ﬁlf e’ MHRIIRA g i s
heated to, e.g., ,near the preset tenperatyre. .Hence, the dinitrogen
nonoxi de gas is tﬁ"re_e?ﬁggtl tchagfqeém at t’i#be“s hcﬁa(r)]fseéi’ft otr}l%gmife@c ition
temperature. The(liyitioget dpaoxide 085, ds Jhus Beli gl Gl diqpuchy, degree
that it is deconposed as soon as it ows 1 ito the Teaction tube . In

heated | n this 10 manAee Guers e MoanTon 1 dbe Dt 6 & 28 Bnarmd rde
the siligen | ayaedfstiRardiecny o2& phissing through it. The
breathing resistance member 62 is formed of an
aggregate of a large number of pieces made of quartz, a
ceramic material, or the like. 1In this embodiment, the
breathing resistance member 62 is formed by fusing a
20 large number of quartz pieces (e.g., beads). For
example, when the second gas supply pipe 42 has an
inner diameter of 20 mm, the heating chamber 61 has an
inner diameter of, e.g., 60 mm to 80 mm and a length
of, e.g., about 100 mm to 200 mm in the breathing
25 direction. Each quartz bead to be filled in the

heating chamber 61 has a diameter of, e.g., about

¢l mm to ¢ 10 mm.



.nitrqggen-m xed silicon oxide filmis fornmed. Wth the oxinitriding process
according to this enbodi nent, the fornmed nitrogen-containing silicon 15

oxi de filmhas excellent characteristics in both the planar uniformty and
inter-planar uniformty of the thickness. This may be due to the follow ng
reason. The dinitrogen nonoxi de gas is heated by the heating unit 13 to,
e.g., near 900Cto 1,000C, and is 20 activated in advance to a state

i medi ately before deconposition. Wen fthe 18 nit rogen nonoxi de gas enters
the reaction tube 21 and reaches the upper side of the wafer boat 3, it has
al ready been deconposed to a consi derable degree. Even if the tenperature
in the 25 reaction t b Wi RIREW ntd reyed oo de Reatingd acti vat ed

sufficiently, so the silicaon oxide filmcan be heavily doped with nitrogen.
L1 32 AL Thi o TMSARS, Hihdie L NGOG I T T REETH G 4T he

peri phery toward.the center of the fer t he deco sition degree does
not substanti al I'Y*<di et etrh\é&peri%\’rlfervaél}? edgﬁﬁb% hepy %%%Jﬁ’la%f 5
active speci es gengrated t Qsiti f dinit en. nmongxi de i s
al nost the sams%o%eC theng nltoi%kedilﬂ) r(;"‘\%érnr))?—’1 rrrluec]*r%%zﬂatqL éﬂjyarypto{si%?lﬁ)oen‘. hce, the

pl anar unicf or m £, 4 hi %HE%{S - | W | ocat ed
at the upger Si %rgfngi Egg\ﬁafbg@ygg%t ng 10 ﬁ{’ﬁ&;{lﬁéﬁ@iﬂ %Otagre:,{g’lle% apr ocess
according to thig SEGEHTRIH bl LBERE Ald b §83d A QR idihPm the | over
side when the heating unit 13 is not used has al ready occurred on the upper

si de. Hence vari aaans dmdunt Jmassdi Shfdurutd iy anong tdhe waf Eﬁi?é/\/ decrease
15 and the inter-planar uniformty of the thichness becones good.
enbodi ment the geremaicdent escatid Geadec Whd i ramd-ia deoWwrydsd denwhen t he
heating unit 13 is not used has al ready occurred on the upper side Hence,
vari ations in thickndss rdifsireniog inomearadryg ddhenshfc slaNadecreegssierand t he
inter-planar unifomaity the thickness In this manner, with the oxinitriding
process &@cor di BEPRd vt hins te vediamdiirnigadn irfe saes tistgderatie €hsf t he
reaction tube 21 is low,_ the filmcan be heavily 20 doped wi th nitrogen.
Al so, the planaf@dti€forddi-ty and inter-planar uniformity of the thickness
can be inproved. (Wt _ Oxidation Process) Wwen the main controller 57
sel ects the wet 25 oﬂ%tﬁ%lﬁ%c‘g‘fé’ﬁ’q Serfpd gﬁétﬁq o ALt he
wet oxidation process e tdhe h at-tr.eatiég)g uz[it 11, .combyst.or 12 hefati ng
unit 13, and ga®YdifstHiBSACR4. CASNY £ | T AR (Fedd Midmidt i, a
| ar ge nunber of er .al, | d.ld el Dy | ; . shQ 3. The
interior of theré&act i%lo\né/l?ll}%er}églqinséuﬁggﬁe}d O\éﬁi%tl%é ltqu.\g_:[l‘é@ %‘rzuitincaogjdvance to a
predet er gisned t epRefAlWi®), )2 The MRfSHY Wangd eaded ifhodded qaedion tube
21 by the wafer boat el evojrt or 30. The opening 25 as the furnace opening is
hermetical ly cl egednly dohe A @o2A atithe stat,e Rolflfg whiterSuGaess vely, the
tenperature in the reaction tube 21 is raised to a predeterm ned 10
tenperature, e.ghro2@OCthandocd isigabiddkzed.6eThd caryrinkst orealtdd 3 urned on.
The power supply amount to the heater 53 is controlled, so the interiors of
t he heating spades 32& bmeaf2Bngeadlr eprtdset) .t efjoerlding estafr, iss g., 900C to
950C. In the gas

supplied to the cooling jacket 66 from a cooling water

20 supply unit 67. A temperature detector 68, e.g.,
a thermocouple, is disposed between the cooling Jjacket
66 and heater 63 in the casing 60. The temperature
detector 68 detects the temperature in the casing 60.
On the basis of this temperature, the main controller
25 57 outputs a control signal to the power supply unit 64
and cooling water supply unit 67 through a supply

amount controller 69. Thus, the power supply amount to



15 di,stributor 14, the valves V1 and V2 are opened. Hydrogen gas and oxygen
gas, adjusted to predetermned flow rates by the nass flow controllers M1
and MF2, flow into the conbustor 12 at flow rates of, e.g., 3 sImto 10 sl m
and 3 simto 10 sIm The heating 20 unit 13 is turned off. Accordingly,
power supply to the heater 63 and cooling water supply to the cooling

j acket 66 are not perforned. In the gas_ﬂi%g;igytor 14, however, the valve
V3 is opened, so nitrogen gas, adjusted to predeterm ned flow rate by the
mass flow 25 controller MF3, flows into the heating chanber 61 at a fl ow

3
f . g. I I f th i
Gas may {1 ow | g (et (g 10 e CRimbe RS A SOk TR COA. t he
hydr ogen gas and ,oxygen gas ar e d by the i r ,and_out er heating
spaces 52A and , c%ecgp]%tqi:\/ae%ﬁ gégt%gc%%%?n@requ. 3 %s’ofﬁf%e oxygen
gas and the hydrogen gas .cause conbust i reaction in the conbustion
chanber 59 to ge%ega?cgﬁrg;am%}}agébe\?rap@r.l%@& lﬁs%eacg ta(?]aa v%lf%re*{/%rp%lrn%%ner ated in

this nmanner are @éf&pé agﬂlaﬁ) gfngcu}%eq%%t-% fa(;ﬂ&gagfgrpa&@ %eaét@%gé%tﬂ?e first

gas supply pipe 41. nitrogen gas t ssed

through the heatdit dinids lhd cHBLSURP R db 1Hiey Npatrd ¢ e@¢ i ng furnace 2
t hrough the second and first gas supply pipes 42 and 41. In the reaction

tube 21, a process gapanddeimg Xindmoof shese €8 ese £ 84 SuRIPNY3 t hieg
waters Wheld 15 |i ke shelves, to subject the wafers Wto a predeterm ned
process. Mre span foraddhing he otgaicgasendsel Welt ef i Viegdrioxi li Zerih he
silicon |layer on the wafer surface, thus formng a silicon oxide film Wth
t he wet oxi dati en hadt essclresocdi iy tgadds P&k Enhochmmanth thwen cormbarsd | on
reaction of part of the oxygen gas and the hydrogen gas occurs sufficiently
in the conbust orspExificalley ditee QUppldssl Jasehareantitrduadd Sirafdter it
has al ready generated water vapor alnost conpletely. Hence, the anounts of
wat er va 25 difte Bhigeh TontRRd iMiRhe hrictessthmdrigateithig from t he

peri phery toward the center of the wafer Ware al nbst the sane at any
position. As theck?ﬁ‘g’pﬂ]@/ qt)“egard@é?teq &y th RARASREREMH RAH or SRR DS i n
the surface of the wafer Ware aInD§§ the saq&vi§¥§n en the process

temperature is dett eAEEST HEHSAE i dia FHEH GRS Hicomes

d. 5 At thi i it i i t he heati
it 13, the 1 s 7 gord Ralkd | QMR EE I MR b Pear tng ani ¢ 13
can be prevent ed, A, 3peqid Galddesd M S8C0NN 625 SURRALY 8 18, 42 i S

formed of quartz. Wen eating unit” 13 heats process gas, the

second gas supplay gH R A MieRNes ¢h Gl deiably i dodenper at uecHence,
no val ves for supplying gases and stopping gas supply can be connected to

the second gas supfildalliypes®PC kb theogdSes are not supplied fromthe
heating unit 13, the 15 water vapor generated in the conbustor 12
undesirably enters t s datwmglrcHeltherl 61thdrgamhdi sier Secood basisuppl y

pi pe 42. Once the water vapor is adsorbed by the breathing resistance
menber 62 fill edliigpasesd hamtinepe vdddre gomhiusteannid ded rhegmviedy easily. 20
Assunme that in this state, the dry oxidation process is to be perforned in
the foll owi ng Sﬂgﬁﬁ:ﬂﬁbn1Mqﬁ@\ﬁﬁqglflcally, opening/closing valves VA,

20 VB, and VC are connected to the first, second, and
third gas inlet pipes 71, 72, and 73, respectively.
The first gas inlet pipe 71 is connected to a hydrogen
gas source 81. A valve V1 and a mass flow controller
MF1l as a flow controller are connected midway along the
25 first gas inlet pipe 71. The second gas inlet pipe 72
is connected to an oxygen gas source 82. A valve V2

and a mass flow controller MF2 as a flow controller are



vapor, anount supplied to the reaction tube 21 changes, and the process
repeatability degrades. Consequently, the planar uniformty of the

t hi ckness decreases. In 25 view of this, to prevent flowing of the gas from
the conbustor 12 to the heating unit 13 is effective. - 36 (Dluted Wet
Oxi dation Process) A diluted wet oxidation process is the follow ng
process. A process gas containi ng oxygen a[}? wat er vapor used in the wet
oxi dation process described above 5 is dil ®d With a small amount of
nitrogen gas. Then, the diluted process gas is supplied into the reaction
tube 21. When the main controller 57 selects the diluted wet oxidation
process, it sendRFERT M HPhALCHDr ERPeSAFPIRAE ¥R fiet nbSE daiPBNn’ Hr ocess
to the 10 heat-treatin nit 11, conbustor , _heating,unit 13, and gas

di stributor 14. l?letq'félg‘?fgaqqﬁ rERRHY RRE 71%,%%5‘41&?%% %Rl%E@O?'&Aﬁ?%‘?E W

are held |Iike shelves by the wafer boat g, The interior of the reacé&on
tube 21 i's heat GRS HEP 15 Heht GPPAE FoT AER aih et T B pr S8t SPRT Hio e o+

tenperature. They: ed_ jnt he react. t ube 21. by. t he wafer
boat el evator 30@%@%%%%%%%8%% ?#e] %)Ouérncgece@g’peWnﬁo " h%}ﬁjr‘%%{ll%%l |y

closed by g he |1gh34dines stal ol Blfed)qaSusaessl vely, thevtenpsralure

20 in the reaction tube 21 I1s rais 0 a edeternm ned tenperature, e.g.,
850C, arid is stypilyzedindhes COMUSHDEs 121 Lok e 0o Thes pawes, supply
anount to the heater 53 is controlled, so the interiors of the heat i ng
spaces 52A and 328 ) eacd NF@Seie 2onesPes @t ts esh®f foer raPO9GipeH50C. In
the gas distributor 14, the valves V1 and V2 are opened. Hydrogen gas and
oxygen gas, adjURied:itwpyqr epet esonmests 8% an@786 fdan bat@se byomhen ngss f | ow
controllers MF1 and MF2, flow into the conbustor 12 at flow rates of, e.g.,
3 sImand 3 sl msaowspectively. The heating unit 13 is also turned on. The
power supply anmount to the heater 5 63 and the cooling water supply anount
to the cddling jacketTss eperabienr vf ebdhechedt-tneeting aprahetheashogn
chanmber 61 reaches a preset tenperature of, e.g., 1,000C. In the gas
distributor 14, ¥heéXad vle Wall Peopiarsriked ni t‘?b@éntfgla%,a%ﬁ%‘%‘é%ir to a
predetermned 10 flow rate by the mass flow control)Jer M3, flows into the
heating chanber ®1&lt Oduf‘f%#(?‘rht%r‘?ﬁe?sseﬁ Ty 1435190 RwASSn FIG 6B,

the nitrogen gas_flows in the gaps of th re i ng_ resistance nmenber 62
through a ther rra?}flynl:ﬁrl C{c:lrnnc‘i prl%)gcp Ute ' tt%ée ﬁ]tejgf‘? n%a%a%%b%‘?f%‘itjl%eg%i l e
comng into cont i t br hi resistanc :
nitrogen gas flows ]?a#rﬁ}ie %g[a’tieﬁ' 'c'h?%%&%ﬁ,@tfi%eg e%ﬁ?s(’)&aegég.'%l%%ar
1,000C. ‘Hhe nitrogen Gasm Praydealgihdd (U Si¢mmerrdSe SuPpligge to the first

gas supply pipe 41 through t'he second gas 20 supply pipe 42. The nitrogen
gas is then m xefbMiduirieldHOCRRSI GBS CONtFb M N IS DY 9eRF Siss agel wat er

vapor which flows fromthe conmbustor 12. Hence, the process gas is supplied
to the heat-treatiengfwraicnt2i @s prodesdi laitgsk thyr ihe priddogen gas. I n the
reaction 25 tube 21, the process gas as a gas m xture of these gases enters
anong t he waf er L34rhidinii dinee mietass, @l wibjecida it vaf erass Y tand
pr edet er mi ned manner. More
diluted wet oxidation process will be described
20 sequentially.
(Dry Oxidation Process)
When the main controller 57 selects the dry
oxidation process, it sends operation signals for the
dry oxidation process to the heat-treating unit 11,
25 combustor 12, heating unit 13, and gas distributor 14.
In the heat-treating unit 11, a large number of,

e.g., 25 to 150, semiconductor wafers W as the target



- 38, specifically, the oxygen gas and water vapor oxidize the silicon

| ayer on the wafer surface to forma silicon oxide film Wth the diluted
wet oxidation process according 5 to this enbodi nent, the nitrogen gas is
m xed with the process gas containing the oxygen gas and water vapor after
it is sufficiently pre-heated by the heating unit 13. Therefore, the
tenperature of the process gas does not decrease due to m xture with the
nitrogen gas. 10 Consequently, a process wi'th a good planar uniformty of
t he thickness can be perforned. In other words, when the nitrogen gas which
is not heated is mxed with th rocess gas as in the conventional rmanner,
the tenperature %frEEE tp’?%caerseserb%sgl%llﬁeecsra}é%ﬁ‘é%s. eﬁ“‘? HEAh ot gis with
a decreased te rature i.s supplied to the reaction tube 21 t erforma
process, the 11T HICIGHER tEnde s & Taer e Hsare § He® gt PR ofe he

f R 3 the” |
According 1o 20 HH b iba Mt E e B o dier SR PLRf S e
pre-heated by thg heating il 3 w%f@fsﬂ%%g%afeecwéhe@f enal U e, declease

of the process gas can be suppressed, rease I n planar unitormty in

thi ckness £an be yyeventad. %5 isrdessdd bed apovss 3. t hendedted 182359

apparatus shown in FIG I, the conbustor 12 and heating unit 13 are

di sposed in a pajaldd frmeie Jdwiaipres Kdanaetcal fy -cBSsedxb@atnon
process utilizing the conbustor 12; the dry oxidation process, oxinitriding
process, and Betliet i3y (ulocessatid idf AT®. the. heaiddgssiwdl1d,3;tend t he
diluted wet oxidation process utilizing both the conbustor 12 5 and heating
unit 13 can be pemmrmsdiseliectihelneadinadditbeorgl agamlisetuwd can be
obtai ned with each process. \Wen a wet oxidation process apparatus having
only the conbustdrprtdtensighd i fentrr avitistorg 12 HExEs Bkrdoxygen gas and
hydr ogen chl ori de gas,, the wet oxidation process and dry oxidation process

can be p or mectt *+ the heated oxygen gas is cooled while it passes
t hrough the conbustion cﬂgrrber 59 at_the next stage of the conbustor 12.
Thus, the oxygen gas Whemes iy IR e iRt HenitW 13RAL Y FifRace 2

has a | ow active degr.ee. Therefore, it is difficult to performa, process
with a good pl ar%)at(rj i F61%h Jfc %eerﬁtfﬂrcekrfé‘és?hei rFeCao‘ﬁiJro%ttqk?)e ?%ﬁ’s,ﬁ'\’/ﬁ th
the heat-treati pay: i E L 18T QXY eat ed by
t he heating uni {@( 1 clge?f g{elaéi%]pﬁﬁ?% osrhtj}geh%le‘éthjt){keda% ntgr??) u’rgggieclg g}%ﬁll%)e
maintaining its Ve e He-a e o , high i ford ty, of the
t hi ckness can besq}e\élﬁsulr ed as deascri be&%‘ﬁlo%:p.lm% thﬁ%oe ealt-treat(:iong

appar at ug sshown ddadtien kLubeardous whdessd pcesses £ahderapid ired wel |
Wi th one heat-treating apparatus. Thus, the range of choice - 40 of the

processes beconesiiwi d8. rEiachdss taty gragemISdnipdetitraf cnstswansl space
ef ficiency. Since the processes described above can be perfornmed with one
heat -treati ng apparatass, ahd umdldniomfo pridoe ssesctviam Suiee intiswuousl y
performed in the follow nmspects with the wafers bei n%aaccomdat ed in
the reaction tutvaruatsss theatexhp HBemeatisng prideesssaidevaxtoigat i on
process are to be conbined. The Bettering process is performed first with
the wafers W beiH@eLF %ccomtstattd il iate tefd itdie tigretbion dukessh v vy,
t he wet )8 dation praocess is perforned c ntinuo%s,lgl. I n thishcase, t he
met al on4°he wat A e LR TfbEa T ced. In this state, the

temperature of the wafers W is stabilized. Then, the
oxidation process is performed.
The heating unit 13 is turned on. The power
supply amount to the heater 63 and the cooling water
25 supply amount to the cooling jacket 66 are controlled,
so the interior of the heating chamber 61 reaches

a preset temperature of, e.g., 1,000C. In the gas



by the Bettering process. In this state, a wet oxide filmis forned.
Therefore, a filmwith a high quality 15 can be fornmed. Assune that a gate
oxide filmis to be forned by conbining the wet oxidation process and dry
oxi dation process. These two processes can be perforned alternately and
continuously. In this case, the wet 20 oxidation process is performed first
wth the wafers Whbeing accormpdated in the yeaction tube 21. Then, the
interior of the reaction tube 21 is purged“fith, e.g., nitrogen gas. The
dry oxidation process is performed next. The interior of the reaction tube
21 is then 25 purged with, e g., nitrogen gas. Then, the wet oxidation
process is perfcéf%ﬁF%éﬁﬁ?ﬁ *%'t%ﬁ% anhet ?h%nﬁéY50%¥%a?P%%e%roc%%% and
dry oxidation process can $er%@gned alternately. Wen the wet

-.41 b
oxi dati on proces¥4hd dt3° o%%glw%oe% PSP R 1H Be LOMFREtYethey may be
f d sinmult ly h ti .5 Simlarly, th t
bxi dati on pr ocesi AR i H (T SHTE PP Bkt TOf ReThaty oSt on bidtess,
dry oxi dation proaassy AL Qe ddd iR PELESSH, CAN-08 RELL AL anney
I I p pertorned

continuously. In the latter case, the wet oxidation process i

first withthe vef ers Wk haidg gecampdat ggl éﬂntmd\rmffﬁiﬂlgngwb&%&-

Then, the interior of the reaction tube 21 is purged ., hitrogen

gas. The dry oxihaid onny eeassud opers of greeirddie o nt eriod ofe the $&80FA on
tube 21 is then purged with, e.g., nitrogen gas. Finally, the oxinitriding

15 process is pearddrvRecs Ahd herigesr os e usedche ddhieoestyo©xizlagt®n process
or Bettering process, in place of the hydrogen chloride gas, other conpound
gases cont ai ni ngclpslrdgen and chloride, e.g., dichloroethyl ene gas
(C2H2C12), can be 20 used. As the breathing resistance nenber 62 to be
provided to the heatidg shewn 183 TG pl 2Be e tihaecess t haseenbbolv némt thene
having the follow ng structure can be used. Nanely, a plurality of
br eat hi ngd %l at eIaRs Pl the Jrepitbiety dfe pre@mngrendes & etlarougledin t he
25 breathing direction so as to stand in the way of the flow channel. The
second gas suppl 3Pt 142 WHE TR DA dUe in theheqf ipg ghamkeyohst r eam
portion of the Q]atin (ghanber 61. | tﬁ%s c%ie a outtjﬁggpe i S present
between the atnoSphet & Ahd'4 Hén—i%ncec?nnﬁﬁ% W g vitn o g ¥F RREE The
inner pipe does Nk, GO I NRhi1e flowing in the heating chamber 61,
the process gases are heated to, e.g., near 1,000C.
15 Hence, the oxygen gas and hydrogen chloride gas react
as in the following formulas, so a small amount of
water vapor on the order of, e.g., several hundred ppm,
may be generated.
2HCl - Hp + Clo
20 Hy + 1/20p - HpO
The process gases heated in this manner are
supplied to the heat-treating furnace 2 through the
second and first gas supply pipes 42 and 41. The
process gases shift upward inside the thermally
25 uniformizing tube 23 while being heated, and flow

into the upper portion of the reaction tube 21.

Furthermore, the process gases are supplied to



5 contact with the atnosphere. Hence, the amount of heat dissipated by the
heat ed process gas as the process gas flows through the inner pipe
decreases. The process gas can be introduced to the first gas supply pipe
41 while it is kept activated by heating. 10 An orifice (a portion where

t he pi pe dianeter decreases sharply) may be formed on the second gas supply
pi pe 42 between the heating unit 13 and_re% tion tube 21. The orifice
causes a pressure loss. Even if a pressure<reducing process is perforned in
the process 15 chanber, the degree of pressure reduction in the heating

chanber 61 becones snmall. In this case, in the pressure-reduci ng process as
wel |, the degredhA B QHFSEh TR tiTbri- 6 B4R R | P& et 8194 s

interfered with is small. Al's t he rtial pressur 0 of th rocess gas
in the heating &S é‘flier?c%elé’seérpd?ﬁe‘?eef L teeéf %dﬂ‘ﬂutckﬁ irfp"b%’e to
convection of the,process gas,in t heat.i.ng chanber 61 tends t.0 occur nore
easily than in & sk qi/w?elrp% ?‘dn'o cérb%llné ﬁhsl% (ﬁerﬁalcfé ﬁ%st,llﬁfe ‘%hreocess gas
can be sufficient <) i r € i - 43

[ Experinent] (Drbyrl%(e?%aﬁ_eagst‘ne%g_reg%e%s%Héaﬁ%%?Wp%%rlﬁ% under the
process caendi ti Qs deser ithed iy I i Xidatd an Pracesdr et

odi nment
descri bed above. An experinent "accordi ng to the enbodinent égg%ﬁgﬁg?esent
invention was peyfidmd agdr | P i A H YL PXidal | QN Y QEESPa aSemeFd o1 med
whil e heating the process gas with the heating unit 13 (by turning on the
heater 63 of thegdeatdrmihdinidont3IminkhThetiocess tHdeva@sr Hriaud es. A
silicon oxide filmwth a thickness of 10 nmwas forned. As a conparative
exanpl e, a dry @hHedatxyarernp roace s iwhs qrerifror neid iderl 4 her saretlpr ocess
conditions except that the process gas was not heated (by turning off the
heater 63 of thesuddweatdihdhminalEl) W,FIGSIs TR AN IR ariel paphsxistow ng
the inter planar uniformty and planar uniformty, respectively, as
experi nedtlal resuillfts ofthESfe PEIAFES S KR SRS LT ¢h Fralesnaunth e or ned
by using the heat-treating 20 apparatus shown in FIG 1. In FIG 7A, the
axi s of absci ss&a&d SRR A LHREd MRV andre WiFFY nf iy Frave
t hi ckness, and the axis o rdinagte represents whether heating is
performed. In FIRECEHSE ¢ syé%eﬁﬂy Ysa represents the average pl anar

uniformty of 25 the thickness,_ and the axi,s of ordinate rep nt.s_the
posi tions of the waf eﬂr%rj\ﬁ%ﬁé%%se %Cféeerse%oafih%.plf%cﬁﬁs‘%asﬁ? a]?\]g&gBll,‘h? he
hat ched CO'u”nsﬁﬂg%@ﬂﬁﬁﬁﬁiﬁMf§1flow to the combustor 12 through the

15 second and first gas supply pipes 42 and 41. 1If the

valves VA and VB connected to the first and second gas

inlet pipes 71 and 72, respectively, of the combustor

12 are closed, the process gases merely enter the

combustion chamber 59, and do not flow to the upstream
20 side of the combustion chamber 59.

The silicon oxide film formed by the dry oxidation
process according to this embodiment has excellent
characteristics in both the planar uniformity and
inter-planar uniformity of the thickness. This may be

25 due to the following reason. The process gases (the
gas mixture of the oxygen gas and hydrogen chloride

gas) are heated by the heating unit 13 to, e.g., near



- 44  the process gas being heated, and the non-hatched col unms show cases
with the process gas being not heated. The smaller the inter-planar
uniformty and planar 5 uniformty of the thickness, the higher the
uniformties. As shown in FIG 7A, when the process gas was heated, the
average inter-planar uniformty was smaller than in a case wherein the
process gas was not heated. Nanely, it Wasj%on[jrned t hat when the process
10 gas was heated by the heating unit 13, the inter-planar uniformty was

i nproved. As shown in FIG 7B, when the process gas was heated, at any
position on the uDoDcﬁﬁ side, mddle side, or |ower side of the wafer boat 3,

t he average pl anar pﬁo?ﬁﬁt? yatgdr &e they @re fdergaddse wherein the

process gas was hot heat ed. nely, itlwas co firqﬁd t hat when t he, process
gas was heated b‘{}e?%%e y nﬁhﬁﬁ’t SR LY R B rC Ll o7 Y3P Was? R pr oved.

(initriding Prgcess), 20 per.i S, wer erforned under the process
TR g TS pr oS O T ¢

condi ti ons descr g Process) e i ment descri bed

above. An exper i&%}ﬁaascecsqrdg&g Jodhe; dient, of - ithe ﬁ%rger%dnéfgé/%}il on

was performed as follows.” An oxinitriding process was per Ile

heating the procass o Mddsd i deatddthdinitedid-d by taAHALNG, Omhd fgndreat er

63 of the heating unit 13). The process tenperature in the reaction tube 21
was set - 45 dutB0RGerTRRIHYIOGESS JHESSIHE 41k tdendeaedd asy tihe 21 was
set to 93.1 kPa. The tenperature of the heating unit 13 was set to 1, 000C
The flow rate ofhddtelrdy nirtirtoden atoroxi e ast s 1siefhd® thal mhdhe process
5time was 7.5 mn. Anitrogen-containing silicon oxide filmwth a

t hi ckness of 2. rmunesss Hfenpmwthtudse drcdriparaddae exanide,2lan &ven tif di ng
process was perforned under the sane process conditions except that the
process gas was @ dremesP (@Rpauratingaifed ndrilee Hdwmerf 83y dthidiegtheat i ng
unit 13). FIGS. 8A and 8B are graphs show ng the experinental results

obt ai ned Mhen t H®xE8Hd dy rcde s SYRRTOIREDV ATy $heon the
heat-treating ap£arat s sho in FIG 1 and by turni n% on/of f the 15
heater. In FIGoSSRMHRFBE dhe chASSs Hbsdt FI IS RIR Pk he

film and the a@é%ﬁﬁhﬁgﬁnéﬁg(%rocess gases are heated in the reaction

tube 21 after that, they generate no more water vapor.
In other words, the process gases are activated by

15 the heating unit 13 and are thermally decomposed
sufficiently. When the process gases enter among the
wafers W stacked in the wafer boat 3, they have
generated water vapor and chloride almost completely.
Therefore, the amounts of water vapor and chloride

20 contained in the process gases flowing from the
periphery toward the center of each wafer W are almost
the same at any position. As a result, even on the
wafer W located at the upper side of the wafer boat 3,
the film formation operation by the water vapor and the

25 gettering operation by chloride take place to almost
the same degree within the wafer surface. Hence, the

planar uniformity of the thickness becomes good.



represents the nitrogen concentration in the film As shown in FIGS. 8A and
8B, when the dinitrogen nonoxi de gas was heated, the nitrogen concentration
in 20 the filmwas greatly larger than in a case wherein the process gas
was not heated.' Nanely, it was confirnmed that when the dinitrogen nonoxi de
gas was heated by the heating unit 13, a silicon oxide filmcontaining a

hi gh concentration of nitrogen was forned. .25 (Diluted Wet Oxidation
Process) Experinments were performed under £fle process conditions described
in (Dluted Wet Oxidation Process) < < - 46 of the enbodi nent descri bed
above. An experinent accqrding to the enbodjnment of the present invention

was performed as fol | Tt %Fl%ﬁq%e’d'lv@e d%’b%’f!%t'pr%%s OWiels %r?lbﬁ* med
the heater 63 off T oSl fd g Ehe HRdprbo e VBRF SartRsatl B (Hout
has Tormed as S aRtn @Rl it A Rt i ot B eess 10
s perfor e uider{ i oa0R JEARESS coM s SSeanl. il Uikl osgen
Wt oxi dat) o e e Ry (Gt b pe Bt D appar at us

shown in FIG luditdin@tif e st aksalisiss hepese sadype positions
of the wafers Won the wafer boat 3, and the axis of ordinate represents

t he planar unif exlidatidm dddgesd dd@oddidigattels cagesimdrit t thani t rogen gas
being 20 heated, and (x) indicates cases with the nitrogen gas being not
heat ed. As showgdnerEtGord, rasren drhehatt raageir gas wase Heatead, s iate avhen
position on the upper side, mddle side, or lower side of the wafer boat 3,
the average pl amer NER UM oinditt \ 3ndss sraeld dvag rairdady e @aeedibwey dile t he
process gas was not heated. Nanely, it was confirned that when the nitrogen
gas was Réated BPRSFe Hé@ i ndlence qrvaryifiionsy ihdhplddasuni formty of the
t hi ckness was i@rove . The present invention is not limted tQ the above
enbodi ments. VN AUty AR hridemtaishedt itrreass & dé'Smodified in
vari ous manners ..t hout. departi, framit irit, and scope. The
enbodi ment s nay_lﬁleteﬁr_éjéﬁncagrd Wr}'}r}%’ﬁ:&l r o & eorﬁﬂlréﬂeogr%q%scorﬂfcsn 04
possible. In this Cassecriacﬁ%b'ﬂ}leed teén(peecﬁaﬁ?lne bleS qp{&{ékedat the center
than at the periphery of the wafer W, so the thickness
15 tends to increase at the center in the first place.
When, however, the hydrogen chloride gas and oxygen gas
are heated by the heating unit 13 to perform dry
oxidation, the film at the peripheral region grows, and
consequently the thickness uniformity becomes good.
20 This may be due to the following reason. In the
reaction tube 21, the water vapor and chloride obtained
in the heating unit 13 flow from the periphery toward
the center of the wafer W. Hence, the concentrations
of the process gases may slightly decrease toward the
25 center. As a result, film formation and gettering at

the periphery progress largely, so the operation of

increasing the thickness at the periphery acts.



- 48, WHAT IS CLAIMED I'S: 1. A heat-treating apparatus for a sem conductor
process, conprising: a process chanber which acconmpdates a target 5
substrate; a support nenber which is disposed in the process chanber and
supports the target substrate; a heater which heats the target substrate
accommodat ed in the process chanber; 10 an exhaust systemto evacuate an
interior of the process chanber; and a gup@ly systemto supply a process
gas into the process chanber, wherein the Supply system conprises 15 a
conmbustor which is disposed outside the process chanber and has a
conmbusti on chanber, the comhustor serving to generate ter _vapor_b
reaction of hydrogen %Hécea%eo@rgoe??sgsasngq%eﬁ r?g[%gmts? c"h%lrfg rt%‘%d
supply the water_vapor to.th rqcess chanber, .20 heat ing unit, which is
di sposed out si dgleta%gmpqr Ot elstselcﬁa %eery and- hr?;es ataCthlevaatlenag Sc%%%béejlr%nttjﬁfe' heat i ng
unit serving to - sel.ectivel.y : RASSI NG, tHoHedh the conbusti on
chanber to a ten%ertg}%urhg%ﬁ&tnrqe?v[\}e}?c %hasznntg{ne acti vlgg% ncg{at errpereglt ulrsg of the
gas and 25 suppla, ey gas R AMe RIREaSR Ghaller 6 Anth Pag sty i butor

whi ch sel ectively supplies hydrogen gas and oxygen gas to the conbustion
chanber 5 49 andreRIRGIH VelnensWdPIHRS e dteatd ictandRs ad ddiagd ve gas to
the heating chanber. 2. An apparatus according to claim1l, further
conprising a comdsaldertoMs ¢ godenpexrdther@husd af.,, BAGE beamore.unit,
and the gas distributor so as to use the conbustor and the heating unit
selectively. 3. An dappariddads adeoer, dithg theeatleat M3l hasher edpedidl gas
distributor supplies an inactive gas to the process chanber through the
conbusti on chantdirucioirses ficomk@ wrievverstt nivey-weitkesr beaiorarid,om enteri ng t he
heating chanber when the water vapor is supplied fromthe conbustor to the
process chamber .2 fielfgeadpparaatss tadcor diTiy 9 cing Thike wieshweitd thrermasht i ng

unit heats gas in the heating chanber to 300C 15 to 1, 100C .
10 by knitting together a plurality of bundles of carbon

fibers containing a small amount of metal impurities.
The quartz tube accommodates and seals the string-like
body.
The breathing resistance member 62 is formed in

15 the heating chamber 61, and the process gases are
heated as they come into contact with the breathing
resistance member 62. Thus, the temperatures of the
process gases increase efficiently. The breathing
resistance member 62 is filled in the heating

20 chamber 61. Thus, the process gases flow in the
heating chamber 61 while coming into contact with the
breathing resistance member 62. This prolongs the stay
time of the process gases. The process gases are
heated by combination of heating by convection of the

25 process gases themselves heated by the heater 63, and
heating by heat transfer from the breathing resistance

member 62.



5. An apparatus according to claim1, wherein the heating unit has a
breat hi ng resi stance nenber which is disposed in and heated by the heating
chanber. 6. An apparatus according to claimb5, wherein the 20 breathing
resi stance nmenber conprises a |arge nunber of pieces substantially made of
a material selected fromthe group consisting of quartz and ceramc
materials. 7. An apparatus according to_plq%g1ll wherei n the gas

di stributor supplies, as the reactive gas, oxi di zing gas, oxinitriding
gas, and a conpound gas cont ai ni ng hydrogen and chloride selectively. 8. An
apparatus according t i stributor
suppl i es nitrogen gasgﬁsLﬁﬁebFﬁﬁgﬂFQg §§§ls§anﬁﬁ Qﬁﬂgg gfaé@Srdlng to

I 1, wh th t | t ed
S To the procesctRURNEr YHe A OREEETT Oht chanbRTank REAL: Na tRanber bei ng

connected to the 4 F erg%egb@ﬁpeg]}gmhuartggg %gp%rﬁc%%r Ing@%g& | aim 1,

wherein the heatlng chanber 1's nad eati 10 is

di sposed to surroungde i he; healipg {%ﬁg rlaf{;’& Qﬁé‘%fé‘gs&*f'??@é 89&’%“? ng a

heating resistor containing a SITB unt metal 1 npurities an

insul atings seal i ngrpodyedore soadfdg 4hes heating resistol; 44- tﬁ@ appar at us
according to claim10, wherein 15 the heating resistor is made of a

string-like bodypfocems dyskai ddn NGe chbhebd paffiyieatben meperhaheidg. An
apparatus according to claim 10, wherein the sealing body is substantially

made of a mmt erichamedecéedarid ovetdred ggasips EOsY Spilmg 02 guartEnaedt@d
ceramic materials. 13. An apparatus according to claiml, wherein the
support menber stppoacls dthehe pflucesstivhapbecess pjasasisyfdictiengby
substrates at gaps in a vertical direction. 25 14, A heat-treating
apparatus for a.%%#ﬁYﬁﬁﬁﬁu%!thﬁchﬁéﬁ#n%oﬁ@@m%¢h961aap¢o@@BBltﬁ@nb@rtMM|ch

acconnndates a target substrate; a support nenber which is
di sposed %% the Tﬁékgggggas supply pipe 42 while maintaining a

high-temperature state. Since the process gases are
supplied to the reaction tube 21 while holding a high
active degree, a process with a good planar uniformity
and inter-planar uniformity of the thickness can be

15 performed, as described above.
(Gettering Process)

A gettering process is performed for removing the
contaminant metals on the wafer surface. When the main
controller 57 selects the gettering process, it sends

20 operation signal for the gettering process to the
heat-treating unit 11, combustor 12, heating unit 13,
and gas distributor 14.

In the heat-treating unit 11, a large number of
wafers W are held like shelves by the wafer boat 3.

25 The interior of the reaction tube 21 is heated by the
heater 22 in advance to a predetermined temperature.

The wafers W are loaded into the reaction tube 21 by



chamjer and supports the target substrate; a heater which heats the target
substrate 5 accommobdated in the process chanber; an exhaust systemto
evacuate an interior of the process chanber; and a supply systemto supply
a process gas into the process chanber, 10 wherein the supply system
conprises a conbustor which is disposed outside the process chanber and has
a conbusti on chanber, the conbustor servin% to generate water vapor by
reaction of hydrogen gas and oxygen gas’in fhe “conbusti on chanber and
supply 15 the water vapor to the process chanber, a heating unit which is
di sposed outside the process chanber and has a heating chanber, the heating
unit serving to @& setfiarebpate sl vintiie Heat iThe crafialy £ yass rdte passi ng

t hrough t he combusti on chanmber and 20 supply the gas to the process
chanber, a gas diSEABUCHERIRIL H S AE@®eheal Wusdiases Rrdyen ighs4nd

A R e Sl Ml eram e gt S Fit TR
gas, an oxinitri g ; C urd ‘ga I '

chloride, and an_i nactive Qgas t he -heati ng .chamher, and cont.rol | er

whi ch controls ﬁﬁbqgﬁhﬁﬁEC%ﬁPn %ﬂhﬁzghtﬁ§téé %%%?ﬁﬂﬂﬂ,pﬁa GH&

distributgr so 3g,t@ 4 %r%heeq bugfprcan nhheshgating ynist selectively.
cor 1"d e héa

15. An apparatus a ing 'to i m 14, erein I'ng unit heats gas

in the heating chamband . 390C it il 13000 Ao dpat -iyeaidg met hod for
a sem conductor process, conprising the steps of: accommpbdating a target
substrate in a RRRRASS aelAMEto the heater 63 and the cooling water
supply amount to the cooling jacket 66 are controlled,
so the interior of the heating chamber 61 reaches a
10 preset temperature of, e.g., 1,000°C. In the gas
distributor 14, the valves V6 and V5 are opened. Small
amounts of oxygen gas and hydrogen chloride gas,
respectively adjusted to predetermined flow rates by
the mass flow controllers MF6 and MF5, flow into the
15 heating chamber 61 at flow rates of, e.g., 0.01 slm to
1 slm and 0.01 slm to 1 slm. At this time, the
combustor 12 is turned off, and the valves VA and VB as
the primary side of the combustor 12 are closed.
As shown in FIG. 5B, the process gases flow in the
20 gaps of the breathing resistance member 62 through a
thermally uniformizing tube in the heating chamber 61
while coming into contact with the breathing resistance
member 62. While flowing in the heating chamber 61,
the process gases are heated to, e.g., near 1,000C.
25 Hence, the hydrogen chloride gas and oxygen gas react,
so the hydrogen chloride gas and hydrogen gas are

present in the mixed state. The process gases heated



10 heating the target substrate accommodated in the process chanber,
perform ng a wet oxidation process of oxidizing the target substrate to
forman oxide filmby supplying water vapor to the process chanber while
maki ng 15 hydrogen gas react with oxygen gas by a conbustor which is

di sposed outside the process chanber and has a conbusti on chanber, and
subjecting the target substrate to a first process other than a wet

oxi dati on process by supplying a 20 reacti gas to the process chanber
while heating the reactive gas to a tenperature not |ess than an activating
tenperature of the reactive gas by a heating unit which is di sposed outside
the process charertiint BRERPSE PR | fiPR-hehere B eaty e diccording to
claim 16, wherein the re ctive(ﬂ$s cont ai ns_an x'diziqgggas and a conpound

gas cont ai ni ng Hfeh and HE iRe SHPIheA R rirst . SURPRLBIRIRRS g
d i dati f i ide filmb i di zi the t t
Substrate. 18 AT booo I (AT R e DRl T HE S ST | S5 Ghs

! L _ A © g
contains an oxi déerﬁ‘fé‘zg pr%‘”cquea v?aof@_‘)%gftl%lgc?slfﬁé‘tﬁ{&xp Y€ r\?&ﬂgbgj eg‘c L al

chloride, and th iI'Ts cess Is a ering process of re

froma sujace afyd N HO5) sphegaleecdiy b MEbhod acconding Lo claim 16

wherein the reactive gas contalns oxinitri s, and the first 10

process is an oxgudisdidid o GRS hird Qani dih Gk Md rQOeNa GO R g gk oxi de
filmby oxinitriding the target substrate. 20. A nethod according to claim
16, wherein the gwd metiddat | Gretaciesy anshtdiel dditsSimd00esH afree W fer
performed alternately. 21. A nethod according to claim 16, wherein the wet
oxi dati on processurdfutd.he THea Hdrgeooess reede gertfarimey mdsdantial |y
si mul taneously. 22. A nethod according to claim 16, wherein in the 20 wet
oxi dati on procegsriarnathcin vehigagnarmesuppl Jusrkd s itvhesl yor ozass, cGhandter
t hrough the heating chanber, so as to prevent water vapor fromentering the
heating dfanber el ipn iagesfmpdr nerfarmsd suppl i ed fromthe combustor
to the process chanber. _ _ .
CAAALAT.A L AL AL TR He gettenyng Qrogesy agcording %o Athig AL A . As
As A A CALLA A9 AL.AI LAl .AA As,. Ar A AL AsL. A 9.
AL AT AT Al ATROREMERE ASIRCE Ahe quﬁc@ﬂ (?d]%caf]’i:yaﬁeéh] calc
al cal cal cRa) cal ol ea) el eAl Sl aHod) Al Al e al el sl Al el o3l qaleal cal cal cal

cal] ca] cRa! $TVX
heating unit 13, they react sufficiently. Hence,

15 hydrogen chloride, hydrogen, and a small amount of
water vapor, which are reaction products, are present
in the mixed state. The gettering effect is large, so
the efficiency with which the metal on the wafer
surface is removed is improved. Accordingly, when a

20 wet oxidation process is to be performed successively,
an oxide film is formed on the wafer surface where
metals are removed. As a result, a high-quality film
can be obtained.

(Oxinitriding Process)

25 When the main controller 57 selects the

oxXinitriding process, it sends operation signals for

the oxinitriding process to the heat-treating unit 11,
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chamber 61, the dinitrogen monoxide gas 1s heated to,

e.g., hear the preset temperature. Hence, the
dinitrogen monoxide gas is pre-heated to a temperature
5 close to the decomposition temperature. The dinitrogen
monoxide gas is thus activated to such a degree that it
is decomposed as soon as it flows into the reaction
tube 21. In FIG. 5C, N,O* shows N0 in the activated
state. The dinitrogen monoxide gas heated in this
10 manner enters the reaction tube 21 to oxidize and
nitride the silicon layer of the wafer W. Hence, a
nitrogen-mixed silicon oxide film is formed.
With the oxinitriding process according to this
embodiment, the formed nitrogen-containing silicon
15 oxide film has excellent characteristics in both the
planar uniformity and inter-planar uniformity of the
thickness. This may be due to the following reason.
The dinitrogen monoxide gas is heated by the heating
unit 13 to, e.g., near 900C to 1,000C, and is
20 activated in advance to a state immediately before
decomposition. When the dinitrogen monoxide gas enters
the reaction tube 21 and reaches the upper side of the
wafer boat 3, it has already been decomposed to a
considerable degree. Even if the temperature in the
25 reaction tube 21 is low, the dinitrogen monoxide gas is
activated sufficiently, so the silicon oxide film can

be heavily doped with nitrogen.
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At this time, when the dinitrogen monoxide gas
flows from the periphery toward the center of the wafer
W, the decomposition degree does not substantially
differ between the periphery and center. The amount of

5 active species generated by the decomposition of
dinitrogen monoxide is almost the same or does not
differ very much at any position. Hence, the planar
uniformity of the thickness becomes good even in a
wafer W located at the upper side of the wafer boat 3.

10 With the oxinitriding process according to this
embodiment, the generation reaction occurring on the
lower side when the heating unit 13 is not used has
already occurred on the upper side. Hence, variations
in thickness distribution among the wafers W decrease,

15 and the inter-planar uniformity of the thickness
becomes good.

In this manner, with the oxinitriding process
according to this embodiment, even if the temperature
of the reaction tube 21 is low, the film can be heavily

20 doped with nitrogen. Also, the planar uniformity and
inter-planar uniformity of the thickness can be
improved.

(Wet Oxidation Process)

When the main controller 57 selects the wet

25 oxidation process, it sends operation signals for the

wet oxidation process to the heat-treating unit 11,

combustor 12, heating unit 13, and gas distributor 14.
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In the heat-treating unit 11, a large number of
wafers W are held like shelves by the wafer boat 3.
The interior of the reaction tube 21 is heated by the
heater 22 in advance to a predetermined temperature.

5 The wafers W are loaded into the reaction tube 21 by
the wafer boat elevator 30. The opening 25 as the
furnace opening is hermetically closed by the 1lid 34
(the state of FIG. 1). Successively, the temperature
in the reaction tube 21 is raised to a predetermined

10 temperature, e.g., 900°C, and is stabilized.

The combustor 12 is turned on. The power supply
amount to the heater 53 is controlled, so the interiors
of the heating spaces 52A and 52B reach preset
temperatures of, e.g., 900C to 950°C. 1In the gas

15 distributor 14, the valves V1 and V2 are opened.
Hydrogen gas and oxygen gas, adjusted to predetermined
flow rates by the mass flow controllers MF1l and MF2,
flow into the combustor 12 at flow rates of, e.g.,

3 slm to 10 slm and 3 slm to 10 slm. The heating

20 unit 13 is turned off. Accordingly, power supply to
the heater 63 and cooling water supply to the cooling
jacket 66 are not performed. In the gas distributor
14, however, the valve V3 1is opened, so nitrogen gas,
adjusted to a predetermined flow rate by the mass flow

25 controller MF3, flows into the heating chamber 61 at a
flow rate of, e.g., 50 sccm to 500 scem. In place of

the nitrogen gas, oxygen gas may flow into the heating
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wafer W are almost the same, even when the process
temperature is decreased, the planar uniformity of the
thickness becomes good.

5 At this time, since the nitrogen gas is supplied
to the heating unit 13, the flow of the gas from the
combustor 12 to the heating unit 13 can be prevented.
More specifically, the second gas supply pipe 42 is
formed of quartz. When the heating unit 13 heats the

10 process gas, the second gas supply pipe 42 reaches a
considerably high temperature. Hence, no valves for
supplying gases and stopping gas supply can be
connected to the second gas supply pipe 42. If the
gases are not supplied from the heating unit 13, the

15 water vapor generated in the combustor 12 undesirably
enters the heating chamber 61 through the second gas
supply pipe 42. Once the water vapor is adsorbed by
the breathing resistance member 62 filled in the
heating chamber 61, it cannot be removed easily.

20 Assume that in this state, the dry oxidation process is
to be performed in the following step. Then, the water
vapor amount supplied to the reaction tube 21 changes,
and the process repeatability degrades. Consequently,
the planar uniformity of the thickness decreases. 1In

25 view of this, to prevent flowing of the gas from the

combustor 12 to the heating unit 13 is effective.



109Z8&' ()-9109%Z& ()-10%Z& ()-" 10]] 10]]+ X, ,, W-aBHC

10]]! #109@S& ()-! #109%WJ& ()- f109&& ()-109&& ()-1 109@& ()-I

109@2& ()---- _.\///}~?HC 10]]!1 8109%& ()-s6

109@& ()-!s) " 10%b& ()-'!s)"10%f& ()-' ' 109&& ()-I

%40%& ()-///////000bCO]]!1 t10%&Z& ()- 10%&Z& ()- MO%Z& () - 10%&Z& ()-M 10Z
10Z 10Z @ F109%Z& () - 0=112E2y227[ 9bC0] ] ! sS " LOUMNBNBE! () - Sl

$109Z& ()-!s"10% v] v& ()-!s"109ZZ& ()-Y

10926& ()-!f!109R2& ()- 2t 33L4x444zx9b001 ] 6& 109@& ()-'Y 1s109@Z& ()-Y

1s109%Z& () -! " & s/ "10%u& ()-s!'sS
" iowx&' 8 84&5\/‘1:‘3@5/1%5 )5"&%91 TEHR T0BERTSF mL0oZ& () - 109Z& () - M 10Z

10Z 10ZY : gl0%&Z& () - 1 4669
9z[ 9b@] ]! " Yo 10%&' - %P‘i/% ‘E)O‘F’r% %b%J%r P5SFS 1 190kBR F§LIQWIBINXE ()

g it v Lk Tolnod gt
, SS<= }A<a840]I"L%@W%&dgeé#ﬂp%#%&&ét)%§@é5@¥@%(ﬁr&%egémgé%égibed above

1 10928 ()-f!]
1109 () - fg==>>>274 [&ﬁf‘@dd/mt@"@"ﬁéh Zimd A QY& | ) £ 2 e’l{"’/ £ () @6/#10%&'

)- S %#10% ; & ()-S"10%p& () - S? @aod @DAAUSLO! | ! 10%)0&' 0%

109& () - WﬁO%&f()théiﬁiluted process gas is supplied 1nto the reaction
tube 21. When the main controller 57 selects the
diluted wet oxidation process, it sends operation
signals for the diluted wet oxidation process to the

10 heat-treating unit 11, combustor 12, heating unit 13,
and gas distributor 14.

In the heat-treating unit 11, a large number of
wafers W are held like shelves by the wafer boat 3.
The interior of the reaction tube 21 is heated by the

15 heater 22 in advance to a predetermined temperature.
The wafers W are loaded into the reaction tube 21 by
the wafer boat elevator 30. The opening 25 as the
furnace opening is hermetically closed by the 1id 34
(the state of FIG. 1). Successively, the temperature

20 in the reaction tube 21 is raised to a predetermined
temperature, e.g., 850C, and is stabilized.

The combustor 12 is turned on. The power supply
amount to the heater 53 is controlled, so the interiors
of the heating spaces 52A and 52B reach preset

25 temperatures of, e.g., 900°C to 950°C. 1In the gas

distributor 14, the valves V1 and V2 are opened.

Hydrogen gas and oxygen gas, adjusted to predetermined
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flow rates by the mass flow controllers MF1 and MF2,
flow into the combustor 12 at flow rates of, e.qg.,
3 slm and 3 slm, respectively. The heating unit 13 is
also turned on. The power supply amount to the heater
5 63 and the cooling water supply amount to the cooling
jacket 66 are controlled so the interior of the heating
chamber 61 reaches a preset temperature of, e.g.,
1,000°C. 1In the gas distributor 14, the valve V3 is
opened, so nitrogen gas, adjusted to a predetermined
10 flow rate by the mass flow controller MF3, flows into
the heating chamber 61 at a flow rate of, e.g., 15 slm.
As shown in FIG. 6B, the nitrogen gas flows in the
gaps of the breathing resistance member 62 through a
thermally uniformizing tube in the heating chamber 61
15 while coming into contact with the breathing resistance
member 62. As the nitrogen gas flows in the heating
chamber 61, it is heated to, e.g., near 1,000°C. The
nitrogen gas pre-heated in this manner is supplied to
the first gas supply pipe 41 through the second gas
20 supply pipe 42. The nitrogen gas is then mixed with
the process gas containing the oxygen gas and water
vapor which flows from the combustor 12. Hence, the
process gas is supplied to the heat-treating furnace 2
as it is diluted by the nitrogen gas. In the reaction
25 tube 21, the process gas as a gas mixture of these

gases enters among the wafers W held like shelves, and

subjects the wafers W to a predetermined manner. More
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silicon oxide film.
With the diluted wet oxidation process according

5 to this embodiment, the nitrogen gas is mixed with the

process gas containing the oxygen gas and water vapor

after it is sufficiently pre-heated by the heating

unit 13. Therefore, the temperature of the process gas

does not decrease due to mixture with the nitrogen gas.
10 Consequently, a process with a good planar uniformity

of the thickness can be performed.

In other words, when the nitrogen gas which is not
heated is mixed with the process gas as in the
conventional manner, the temperature of the process gas

15 decreases. When the process gas with a decreased
temperature is supplied to the reaction tube 21 to
perform a process, the film thickness tends to decrease
near the periphery of the wafer W. 1In contrast to
this, in the diluted wet oxidation process according to

20 this embodiment, the nitrogen gas is sufficiently
pre-heated by the heating unit 13 in advance. Then,

a temperature decrease of the process gas can be
suppressed, so a decrease in planar uniformity in
thickness can be prevented.

25 As described above, in the heat-treating apparatus
shown in FIG. 1, the combustor 12 and heating unit 13

are disposed in a parallel manner. Therefore, the wet
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oxidation process, oxinitriding process, and gettering
process utilizing the heating unit 13; and the diluted
wet oxidation process utilizing both the combustor 12
5 and heating unit 13 can be performed selectively.
In addition, a good result can be obtained with each
process.
When a wet oxidation process apparatus having only
the combustor 12 is used, if the combustor 12 heats
10 oxygen gas and hydrogen chloride gas, the wet oxidation
process and dry oxidation process can be performed.
However, the heated oxygen gas is cooled while it
passes through the combustion chamber 59 at the next
stage of the combustor 12. Thus, the oxygen gas when
15 being supplied to the heat-treating furnace 2 has a low
active degree. Therefore, it is difficult to:perform
a process with a good planar uniformity of the
thickness.
In contrast to this, with the heat-treating
20 apparatus shown in FIG. 1, the oxygen gas heated by the
heating unit 13 can be supplied to the heat-treating
furnace 2 while maintaining its active degree.
Therefore, a high planar uniformity of the thickness
can be ensured as described above.
25 With the heat-treating apparatus shown in FIG. 1,

various types of processes can be performed well with

one heat-treating apparatus. Thus, the range of choice
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processes described above can be performed with one
heat-treating apparatus, a plurality of processes can

5 be continuously performed in the following aspects with
the wafers being accommodated in the reaction tube 21.

Assume that the gettering process and wet
oxidation process are to be combined. The gettering
process is performed first with the wafers W being

10 accommodated in the reaction tube 21. Successively,
the wet oxidation process is performed continuously.
In this case, the metal on the water surface is removed
by the gettering process. In this state, a wet oxide
film is formed. Therefore, a film with a high quality
15 can be formed.

Assume that a gate oxide film is to be formed by
combining the wet oxidation process and dry oxidation
process. These two processes can be performed
alternately and continuously. In this case, the wet

20 oxidation process is performed first with the wafers W
being accommodated in the reaction tube 21. Then, the
interior of the reaction tube 21 is purged with, e.g.,
nitrogen gas. The dry oxidation process is performed
next. The interior of the reaction tube 21 is then

25 purged with, e.g., nitrogen gas. Then, the wet
oxidation process is performed again. In this manner,

the wet oxidation process and dry oxidation process can
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process and dry oxidation process are to be combined,

they may be performed simultaneously in the same time

zone.

5 Similarly, the wet oxidation process and
oxinitriding process, or the wet oxidation process, dry
oxidation process, and oxinitriding process can be
performed continuously. In the latter case, the wet
oxidation process is performed first with the wafers W

10 being accommodated in the reaction tube 21. Then, the
interior of the reaction tube 21 is purged with, e.g.,
nitrogen gas. The dry oxidation process is performed.
The interior of the reaction tube 21 is then purged
with, e.g., nitrogen gas. Finally, the oxinitriding

15 process is performed.

As the gas to be used in the dry oxidation process
or gettering process, in place of the hydrogen chloride
gas, other compound gases containing hydrogen and
chloride, e.g., dichloroethylene gas (CyHpClp), can be

20 used. As the breathing resistance member 62 to be
provided to the heating unit 13, in place of that of
this embodiment, one having the following structure can
be used. Namely, a plurality of breathing plates with
a large number of breathing holes are arrayed in the

25 breathing direction so as to stand in the way of the

flow channel.

The second gas supply pipe 42 can form a double



1! n! 109%&' ()-fZ109& ()- 10 10 10!s,/"109%& ()-:'s,/"10%n& ()-:s$!10%& ()-3
. --9}[9rS1 1'n!s@"10%' ()- 's@"109%& ()- !'sm'10%& ()-8 !sm'109& ()-8 {
310%&' ()-!'10%& ()-f9l E}oaS4 1! 109%Z& ()-s 10 10 10!s1#109%& ()-P
's1#10% ()-P { ,/10%& ()-s@"10%& ()- Q& "<aS4 1!! s!10%z& ()- " 10%Z& () -
T10%& ()-!'[@109%& ()-!1 T10%Z& () - mOoY%Z&' () - &]CObaBaS4 111 1 +Y10%Z& () -1
)4109%Z& ()-!$: 1109 N, & ()-Y "z10%Z&' () - | 0%& ()- " L10%& ()-aaVK@ 1!'!
10Z 10Z 10Zl :z109%Z& ()-!'s6m 10%f & ()- 6gé&f()-l
pipe at the downstream portion of the heating
chamber 61. In this case, an outer pipe is present
between the atmosphere and the inner pipe through which
the gas flows. The inner pipe does not come into
5 contact with the atmosphere. Hence, the amount of heat
dissipated by the heated process gas as the process gas
flows through the inner pipe decreases. The process
gas can be introduced to the first gas supply pipe 41
while it is kept activated by heating.
10 An orifice (a portion where the pipe diameter
decreases sharply) may be formed on the second gas
supply pipe 42 between the heating unit 13 and reaction
tube 21. The orifice causes a pressure loss. Even if
a pressure-reducing process 1s performed in the process
15 chamber, the degree of pressure reduction in the
heating chamber 61 becomes small. In this case, in the
pressure-reducing process as well, the degree with
which convection in the heating chamber 61 is
interfered with is small. Also, the partial pressure
20 of the process gas in the heating chamber 61 increases.
Therefore, heat conduction due to convection of the
process gas in the heating chamber 61 tends to occur
more easily than in a case wherein no orifice is

formed. Thus, the process gas can be sufficiently

25 heated to a predetermined temperature.
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(Dry Oxidation Process)

Experiments were performed under the process

conditions described in (Dry Oxidation Process) of the
5 embodiment described above. An experiment according to

the embodiment of the present invention was performed
as follows. A dry oxidation process was performed
while heating the process gas with the heating unit 13
(by turning on the heater 63 of the heating unit 13).

10 The process time was 90 minutes. A silicon oxide film
with a thickness of 10 nm was formed. As a comparative
example, a dry oxidation process was performed under
the same process conditions except that the process gas
was not heated (by turning off the heater 63 of the

15 heating unit 13).

FIGS. 7A and 7B are graphs showing the inter-
planar uniformity and planar uniformity, respectively,
as experimental results obtained when the dry oxidation
process is performed by using the heat-treating

20 apparatus shown in FIG. 1. 1In FIG. 7A, the axis of
abscissa represents the average inter-planar uniformity
of the thickness, and the axis of ordinate represents
whether heating is performed. In FIG. 7B, the axis of
abscissa represents the average planar uniformity of

25 the thickness, and the axis of ordinate represents
the positions of the wafers W on the wafer boat 3.

In FIGS. 7A and 7B, the hatched columns show cases with
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the process gas being heated, and the non-hatched
columns show cases with the process gas being not
heated.
The smaller the inter-planar uniformity and planar
5 uniformity of the thickness, the higher the
uniformities. As shown in FIG. 7A, when the process
gas was heated, the average inter-planar uniformity was
smaller than in a case wherein the process gas was not
heated. Namely, it was confirmed that when the process

10 gas was heated by the heating unit 13, the inter-planar
uniformity was improved. As shown in FIG. 7B, when the
process gas was heated, at any position on the upper
side, middle side, or lower side of the wafer boat 3,
the average planar uniformity was smaller than in the

15 case wherein the process gas was not heated. Namely,
it was confirmed that when the process gas was heated
by the heating unit 13, the planar uniformity was
improved.

(Oxinitriding Process)

20 Experiments were performed under the process
conditions described in (Oxinitriding Process) of the
embodiment described above. An experiment according to
the embodiment of the present invention was performed
as follows. An oxinitriding process was performed

25 while heating the process gas with the heating unit 13
(by turning on the heater 63 of the heating unit 13).

The process temperature in the reaction tube 21 was set
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dinitrogen monoxide gas was set to 5 slm. The process
5 time was 7.5 min. A nitrogen-containing silicon oxide
film with a thickness of 2.5 nm was formed. As a
comparative example, an oxinitriding process was
performed under the same process conditions except that
the process gas was not heated (by turning off the
10 heater 63 of the heating unit 13).

FIGS. 8A and 8B are graphs showing the
experimental results obtained when the oxinitriding
process 1is performed by using the heat-treating
apparatus shown in FIG. 1 and by turning on/off the

15 heater. In FIGS. B8A and 8B, the axis of abscissa
represents depth in the film, and the axis of ordinate
represents the nitrogen concentration in the film.

As shown in FIGS., 8A and 8B, when the dinitrogen
monoxide gas was heated, the nitrogen concentration in

20 the film was greatly larger than in a case wherein the
process gas was not heated.  Namely, it was confirmed
that when the dinitrogen monoxide gas was heated by the
heating unit 13, a silicon oxide film containing a high
concentration of nitrogen was formed.

25 (Diluted Wet Oxidation Process)

Experiments were performed under the process

conditions described in (Diluted Wet Oxidation Process)
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5 with the heating unit 13 (by turning on the heater 63
of the heating unit 13). The process was performed
without rotating the wafer boat 3. A silicon oxide
film with a thickness of 6 nm was formed. As a
comparative example, a diluted wet oxidation process

10 was performed under the same process conditions except
that the nitrogen gas was not heated (by turning off
the heater 63 of the heating unit 13).

FIG. 9 is a graph showing an experimental result

obtained when a diluted wet oxidation process was

15 performed by using the heat-treating apparatus shown in
FIG. 1. 1In FIG. 9, the axis of abscissa represents the
positions of the wafers W on the wafer boat 3, and the
axis of ordinate represents the planar uniformity. 1In
FIG. 9, (o) indicates cases with the nitrogen gas being

20 heated, and (x) indicates cases with the nitrogen gas
being not heated.

As shown in FIG. 9, when the nitrogen gas was
heated, at any position on the upper side, middle side,
or lower side of the wafer boat 3, the average planar

25 uniformity was smaller than in the case wherein the
process gas was not heated. Namely, it was confirmed

that when the nitrogen gas was heated by the heating
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The present invention is not limited to the above
embodiments. When practicing the present invention, it
5 can be modified in various manners without departing
from its spirit and scope. The embodiments may be
practiced in appropriate combinations as much as
possible. In this case, a combined effect can be

obtained.
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S10% () - Z10% () - 1OG 1OGheat treating apparatus for a semiconductor

process, comprising:

a process chamber which accommodates a target

5 substrate;

a support member which is disposed in the process
chamber and supports the target substrate;

a heater which heats the target substrate
accommodated in the process chamber;

10 an exhaust system to evacuate an interior of the
process chamber; and

a supply system to supply a process gas into the
process chamber,
wherein the supply system comprises

15 a combustor which is disposed outside the process
chamber and has a combustion chamber, the combustor
serving to generate water vapor by reaction of hydrogen
gas and oxygen gas in the combustion chamber and supply
the water vapor to the process chamber,

20 a heating unit which is disposed outside the
process chamber and has a heating chamber, the heating
unit serving to selectively heat a gas not passing
through the combustion chamber to a temperature not
lower than an activating temperature of the gas and

25 supply the gas to the process chamber, and

a gas distributor which selectively supplies

hydrogen gas and oxygen gas to the combustion chamber
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2. An apparatus according to claim 1, further
comprising a controller which controls the combustor,

5 the heating unit, and the gas distributor so as to use
the combustor and the heating unit selectively.

3. An apparatus according to claim 1, wherein the
gas distributor supplies an inactive gas to the process
chamber through the combustion chamber, so as to

10 prevent the water vapor from entering the heating
chamber when the water vapor is supplied from the
combustor to the process chamber.

4. An apparatus according to claim 1, wherein the
heating unit heats gas in the heating chamber to 300°C

15 to 1,100C.

5. An apparatus according to claim 1, wherein the
heating unit has a breathing resistance member which is
disposed in and heated by the heating chamber.

6. An apparatus according to claim 5, wherein the

20 breathing resistance member comprises a large number of
pieces substantially made of a material selected from
the group consisting of quartz and ceramic materials.

7. An apparatus according to claim 1, wherein the
gas distributor supplies, as the reactive gas,

25 oxidizing gas, oxinitriding gas, and a compound gas
containing hydrogen and chloride selectively.

8. An apparatus according to claim 1, wherein
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9. An apparatus according to claim 1, wherein the

supply system comprises a common inlet pipe connected
to the process chamber, the combustion chamber and

heating chamber being connected to the common inlet

pipe.

10. An apparatus according to claim 1, wherein the

heating chamber is made of quartz, and a heating member

is disposed to surround the heating chamber, the

heating member comprising a heating resistor containing

a small mount of metal impurities and an insulating
sealing body for sealing the heating resistor.

11. An apparatus according to claim 10, wherein
the heating resistor is made of a string-like body
formed by knitting a high-purity carbon material.

12. An apparatus according to claim 10, wherein
the sealing body is substantially made of a material
selected from the group consisting of quartz and

ceramic materials.

13. An apparatus according to claim 1, wherein the

support member supports in the process chamber a
plurality of target substrates at gaps in a vertical

direction.

14. A heat-treating apparatus for a semiconductor

process, comprising:

a process chamber which accommodates a target

10
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substrate;

a support member which is disposed in the process
chamber and supports the target substrate;

a heater which heats the target substrate

5 accommodated in the process chamber;

an exhaust system to evacuate an interior of the
process chamber; and

a supply system to supply a process gas into the
process chamber,

10 wherein the supply system comprises

a combustor which is disposed outside the process
chamber and has a combustion chamber, the combustor
serving to generate water vapor by reaction of hydrogen
gas and oxygen gas in the combustion chamber and supply

15 the water wvapor to the process chamber,

a heating unit which is disposed outside the
process chamber and has a heating chamber, the heating
unit serving to selectively heat in the heating chamber
a gas not passing through the combustion chamber and

20 supply the gas to the process chamber,

a gas distributor which selectively supplies
hydrogen gas and oxygen gas to the combustion chamber
and selectively supplies an oxidizing gas, an
oxXinitriding gas, a compound gas containing hydrogen

25 and chloride, and an inactive gas to the heating

chamber, and

a controller which controls the combustor,
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5 300C to 1,100C.
16. A heat-treating method for a semiconductor
process, comprising the steps of:
accommodating a target substrate in a process
chamber;
10 heating the target substrate accommodated in the
process chamber,
performing a wet oxidation process of oxidizing
the target substrate to form an oxide film by supplying
water vapor to the process chamber while making
15 hydrogen gas react with oxygen gas by a combustor which
is disposed outside the process chamber and has a
combustion chamber, and
subjecting the target substrate to a first process
other than a wet oxidation process by supplying a
20 reactive gas to the process chamber while heating the
reactive gas to a temperature not less than an
activating temperature of the reactive gas by a heating
unit which is disposed outside the process chamber and
has a heating chamber.
25 17. A method according to claim 16, wherein the
reactive gas contains an oxidizing gas and a compound

gas containing hydrogen and chloride, and the first
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process is a dry oxidation process of forming an oxide
film by oxidizing the target substrate.

18. A method according to claim 16, wherein the
reactive gas contains an oxidizing gas and a compound

5 gas containing hydrogen and chloride, and the first
process 1s a gettering process of removing a metal from
a surface of the target substrate.

19. A method according to claim 16, wherein the

reactive gas contains oxinitriding gas, and the first

10 process is an oxinitriding process of forming a
nitrogen-containing oxide film by oxinitriding the
target substrate.

20. A method according to claim 16, wherein the
wet oxidation process and the first process are

15 performed alternately.

21. A method according to claim 16, wherein the
wet oxidation process and the first process are
performed substantially simultaneously.

22. A method according to claim 16, wherein in the

20 wet oxidation process, an inactive gas is supplied to
the process chamber through the heating chamber, so as
to prevent water vapor from entering the heating

chamber when the water vapor is to be supplied from the

combustor to the process chamber.



