- 7 JUN 2005 - 1 *166166* TITLE OF THE | NVENTI ON HEAT- TREATI NG APPARATUS
AND METHOD FOR SEM CONDUCTOR PROCESS BACKGROUND OF THE | NVENTI Q\7 S)URhg0s
present invention relates to a heat-treating apparatus and nethod for a
sem ¢onduct or process which heat-treat a target substrate such as a

sem conductor wafer. The sem conductor process refers to varﬂw 7% f
processes perforned to forma sem conductor 10 | ayer, insul at M wwmmm”"r
conductive layer, and the like on a target Substrate such as a .,

. X 66166* .
sem conductor wafer or LCD substrate with a predeterm ned pattern. thi s
ainms at manufacturing a sem conductor_device or _a structure including an

i nterconnection, el ectrode, and tHé& 1G9k HE SN ENR @bnnected to the

sem conduct or Vi C b t he sem conductor process,
aovertioar  nddettEuERRiNE e AR RN BB oD bO, SRTHGRRBUEHGR 5 ng
apparatus. Th igg type processing 20 apparatus heat-treats a | arge
nunber of sem conductor wafers at once by, e.g., oxidation, diffusion,

annealing, and CVD. In the VEAE§E§PEP§a§FtEﬁﬁt&@gﬁNﬁeg ratus, a | arge

nunber of wafers are arrayed an rede m ned gaps in the

verticals direction tRe29r8s8RtdiAgehoobnCakl 8dea vBf §r nRQaL+rLhk$nhol di ng
tool is loaded into a vertical process chanber. The wafers

apparatus and method for a semiconductor process which

heat-treat a target substrate such as a semiconductor
wafer. The semiconductor process refers to various
types of processes performed to form a semiconductor

10 layer, insulating layer, conductive layer, and the like
on a target substrate such as a semiconductor wafer or
LCD substrate with a predetermined pattern. This aims
at manufacturing a semiconductor 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 wvertical heat-treating
apparatus, a large number of wafers are arrayed and
held at predetermined gaps in the vertical direction in

25 a holding tool 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

*G00002*



are heat-treated while being heated by a heating *G00002* - 7 JUN 2005 2
mechani sm di sposed around the process chanber. As a process whi chy f QiR
silicon oxide film (SiQ film by oxidizing a silicon wafer, a dry

oxi dation process and wet oxidation process are known. 5 In the dry

oxi dation process, oxygen (02) gas and hydrogen chloride (HCl) gas are
supplied to the process chanber. In the get oxi dati on process, water vapor
and oxygen gas are supplied to the proceSs chanber. The dry oxidation
process and wet oxidation process are 10 selected in accordance with the

t ar get f|In1quaI|ty In the dr OXIda on process, silicon wafer and
| ayer are oxi S %&?ﬁ%ﬁ e RiFeRe © %P Yties are renoved
by the gettering effect of chlor,i

| 1 |
| arge 15 nunber ofAﬂﬁ%nQF%ﬁ%??mﬂQﬁ$hk %ﬁ%s g§12§g§hmé¥e? Béranpaﬁd Zre
| oaded | ha { h th
pr edet e'rmeée{ 'Cafa@d‘ﬁcebss bckvafilieye ke dt L ?ﬂgorég?erguwsequgnt|y
oxygen ~gas ary rT(HHeoslfs de, 935 @r&e&gﬂ@daﬁ%ﬁéc ]%Ieg‘plerature

into the process c mits cell are ex romt he

e 2 T i e g g i tafﬁ%rzgza (ro
gas are burnethyrddier 2 const (fc 10 @enednd esRb Bl e PO thd her&€88E NI ng
chamber. 1In the wet oxidation process, water vapor and
oxygen gas are supplied to the process chamber. The
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 (Hp) gas are burned by the

25 combustor to generate water vapor. The remaining
oxygen and water vapor are supplied into the process

chamber.



oxygen and water vapor are supplied into the process chanber. -7 JUN 2005
3 As another heat treatnent, an oxinitriding process is known. Agcgudiogg
to the. oxinitriding process, dinitrogen nonoxi de gas (N20 gas) is
i'ntroduced at room tenperature ' into the process chanber. The introduced 5
‘gas reacts with the silicon layer of the wafer to form a silicon oxide
film(silicon OX|n|tr|de film containing nitrogen. BRI EF SUWARY OF THE

I NVENTION It is an object of the present inventign to rovi de a

heat -t reating ap@arangshandhﬁethtaeﬁémeatrsém @6&W&Plﬁﬁié’é§§eﬁﬁth whi ch
when a target substrate is to be heat-treat 5 an_oxi dation process or
the |ike, tie poiRss A@@%@@bﬁﬂrEocﬁhebéxdéégéa é&g BXBF&SSi ons of the .

invention may be found in clains 1 15 3. rdin first
aspect of t&Hen}EXRFER JRONOXHER eIRE éNéQlG@ﬁ} lﬁeéP%EPQQ%%%g gp%a%@tﬁs ;gf a

seni conduct or process, a_process. chamher .yhi omodat es a
target ' subEeRRgERT %F%ub%ggtkﬁ%nﬁﬁ?cﬁﬁFcﬁﬁﬁggglspogg %#Qf%gu%%gbess

: Sﬁggg?g{eaqgagupggétg &Pghtehge E88£r§5§er o@eﬁk%rwﬂﬁb%htBG%E%the target

a silicon ‘oxide fllm (silicon ox1n1tr1de film)
containing nitrogen. .
BRIEF SdMMARY OF THE INVENTION
It is an object of the present invention to
15 prov1de a heat treatlng apparatus and method for a
semlconductor process, w1th whlch when a target:
.substrate 1s to be heat- treated by an ox1datlon process
'or the llke, the process temperature can be decreased
Expressions of the invention may be found in clalms 1
15 and 13.
According to a first aspect of the.invention,
tnere 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

process chamber,

wherein the supply system comprises



accomodat ed in the process chanber; an exhaust systemto evacuate an
interior of the process chanber; and a supply systemto supply a_ pr ARE M5
gas- into the process chanber, wherein the supply system conprises a
conbustor which is disposed outside the process chanber and has a
conbusti on chanber, the conbustor serving to generate water vapor by
reaction of hydrogen gas and oxygen gas in the conbustion chanber and
supply 5 the water vapor to the process cRanber, a heating unit which is
di sposed outside the process chanber and has a heating chanber, the
heating wunit serving to selectively heat a gas not passing through the
conmbusti on chanber &occeambesperaviiiennds ddsponer ohapida &bei papcags
tenperature of the gas and supply the gas to the process chanber, and a
gas di stribut othaiih aed 2§ vl OBRipprie’ chydPegentiascarbauskggen gas to
t he conbusti on chanber and selective%g gggglies a reactive_gas and

inactive 15 g9 e HERG TR e hadb BrBYnﬁe?ﬁtépgeeggayﬂ§B€€P of
the invention, _there is provided, a heat-treatjng apparatus for a
seni conduct or %arsocae%cg,o%%(g%r?i%?%g%nat ?o‘&%rg}%u_ﬁhéﬁﬁeeg%?%ﬁ 3%80%8%1%5 a
(an9et, 20, SUISILA o PHRREr o DL LEY (g fhgposed I the procese
substrate 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
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.
accommcdated 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



accommodated in the process chanber; 25 an exhaust systemto evacuate an
interior of the process chanber; and a supply systemto supply a Ppyogesss
gas-into the -7 JUN 2005 - 5 process chanber, wherein the supply system
conprises a conbustor which is disposed outside the process chanber and
has a combustion chanber, the conbustor 5 serving to generate water vapor
by reaction of hydrogen gas and oxygen gas in the conbustion chanber and
supply the water vapor to the process"chanbér, a heating unit which is
di sposed outside the process chanber and has a heating chanber, the
heating 10 unit serving to selectively heat in the heating chanber a gas
not passing t MRS H'BPPTsti on chanber and supply the gas to the
process chanber, a gas djstyjbutor ich gelectivelg suppl i es hydrogen gas
and oxygen gas to t eE%h%ué%?oﬁuBﬂ ¥ba¥St98 qRUPELPEEti vel y supplies an

d oxygen gas {0 tHECEENBUSTF or Chak : i vel y supp ]
chior i de. and an | nacTPURGHETBAEHR hiabl RGOS ERaRbEr -Ona? 8 BOREFOFl or

whi ch control s ﬁiﬁ%é?”@%?tﬁés éhﬁﬁg;%%@fgﬁiggaMQé%élg@%iég yggiggistributor

so as to use tHe conbustoroand ating uni cording to

?Oﬁh;rd!?SDECtségvfﬁ@ tOVEML Pre HHELE LSpHE 0Ny dpd, 8 NEAT 5 ET £LIBG AEL hod
gas and oxygen gas in the combustion chamber and supply
the water vapor to the process chamber,

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



sem conduct or process, conprising the steps of: 25 accommodating a target
substrate in a process chanber; heating the target substrate ace@niini2608d
inthe - 7 JUN 2005 6 process chanber, performng a wet oxidation process
of okidizing the target substrate to forman oxide film by supplying

wat er vapor to the process chanber while making 5 hydrogen gas react with
oxygen gas by a conbustor which is disposed outside the process chanber
and has a conbustion chanber, and subfec?ing the target substrate to a
first process other than a wet oxidation process by supplying a 10
reactive gas to the process chanber while heating the reactive gas to a

t enperature nATrIERHS tHHEMRHC/ activating tenperature of the reactive gas by
a heating wunit which 's di osed outside the process chanber and has a

heati ng chanber. 15° R BT RE ERAFLRD RAP S VP EVEBX ER1 FLEIDRAW NG

[ | I d .
heat -t r ot ?née%b' Ct?‘%ﬁ%%si%%%?ﬂ?%g 't‘bg OEHoohi FERTe of || R r SugRtving

i nvention; LZ% é)ogﬁgp% Sgt&%gmﬂé]?%ﬁg‘g ﬂgk 20 process

unit used |n t aratus s G 3is a

sectiong ‘”‘a%fﬁgwﬁéﬁl§E§OP@§§EOw1tHS§Qy§Qnt8§s Qtétégﬁﬁﬁggoﬁpﬁﬁiéﬁus

shown in FIG
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
10 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.
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. 5A to 5C are diagrams showing the gas supply

states of the combustor and heating unit for different




FIG 4 is a sectional view show ng a heating unit 25 used in the
heat-treating apparatus shown in FIG 1; FIGS. 5A to SC are di agragen 2005
showi ng the gas supply states of the conmbustor and heating unit for
different - 7 JUN 2005 7 processes; FIGS. 6A and 6B are di agrans show ng
the gas supply states of the conbustor and heating unit for other
different processes; 5 FIGS. 7A and 7B are graphs respectively show ng an
inter-planar uniformty and pl anar uniforﬁity as experinental results
obt ai ned when a dry oxidation process is perfornmed by using the
heat-treating apparatus shown in FIG 1; 10 FIGS. 8A and 8B are graphs
showi ng exper ilEHSSeSesul t s obtai ned when an oxinitriding process is
performed by using the heat-treating apparatus shown in FIG 1 and by
turning on/off the hEaRi n iR ; O & © 93} 39527 aphoW¥hbdi Rgeafiaéxperi nent al
result 15 obtai ned en a diluted wet oxidation process is. perforned by
usi ng the heat1tq% ;A%ga%ep%a? UL SHIWAIS T Fest Heabhiyd Frest 49A to 10C

rocese 20 BRI EH TREGT PHOT G TRE | NVENTI ON The pi esent i nvent or s
Ly oDl T ol B Vi A R SEERR MELoBKLEObA 7 RERER
inter-planar uniformity and planar uniformity as
experimental results obtained when a dry oxidation
process is performed by using the heat-treating
apparatus shown in FIG. 1;

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

FIG. 9 is a graph showing an experimental result

15 obtained when a diluted wet oxidation process is
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,




apparatus in devel opnment of the present invention. The 25 present |nvent rs
eventual |y obtained the following findings. In the heat treatnent! g¥N

sem conductor wafer, - 7 JUN 2005 - 8 the higher the process tenperature,
the hore likely a defect called slip tends to occur in the wafer, and the
| arger the thermal influence on a filmon the wafer. Hence, to decrease
the process tenperature is currently 5 under study. WWen, however, the
process tenperature is decreased, the pr%cess unlfornlty (pl anar
uniformty) on one target substrate (e.g., between the center and

peri phery of the wafer) decreases. The decrease in_planar uniformty
becomes proni & MHghere inmrase st TaPRIE Wit Wtﬁ:r%%%sll}?ﬂt]e% 2 he

process tenperature is d%f aseqi [process unlf (|nter-planar
uni formit ar‘?t?rtf;e Yottt Hares © ee T hye 3l er

and Ioweryzfvaf rs i tch proc%Se al sq dec S ‘AQQIS It S asrgeﬁlrored

that, in the earrtqecraltqhea aa]t 1r{]gtel far atuss %e%l gta a e?1y'drogen
hlorid f t t.f

chi oride gas a&,cSuRpl | dcrteoaéétec e tel h{tgn L oats o Lhe poner

side of a rea rocess C ormng ation

processs In ”tirﬁdecza%ecu&}te gf}%wé\merp ,Tf(’é sd Nyl r_eé:t@f]etf§ waf er
boat, the worse the planar uniformty of t e th| ness of the silicon
oxide film The deasy f alhd B deys g PSord O} OWStanar uniformity)

on one target substrate (e.g., between the center and

periphery of the wafer) decreases. The decrease in

planar uniformity becomes prominent as the diameter of

10 the wafer increases. When the process temperature is
decreased, the process uniformity (inter-planar
uniformity) among a plurality of target substrates
(e.g., between upper and lower wafers in the batch
process) also decreases.

15 It is assumed that, in the vertical heat-treating
apparatus, oxygen gas and hydrogen chloride gas are
supplied to the wafers on the wafer boat from the upper
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



FIGS. 10A to 10C are graphs for explaining 25 problens of a conve_nflii a&UGS
dry oxidation process. FIGS. 10A, 10B, and 10C schematically show ‘8@5
flow on a wafer W the tenperature of the wafer W and the 7 JUN 2005 - 9
filmthi ckness of the wafer W respectively. Oxygen gas and hydrogen
chloride gas flow fromthe periphery to the center of the wafer W(see
FIG 10A), and silicon on the wafer Wis oxidized by the oxygen gas. 5 As
heat of the wafer Wis dissipated fronTth2 periphery, the wafer
tenperature increases toward the center (see FIG 10B) of the wafer. The
oxidation reaction is thus pronoted nore at the center of the wafer W
Hence, the silfiidan Wxidkaddd mi dius Malfde WO resrdeiively he @eygeR than at
t he periphery (see FIG 10C). Hydrogen is generated by deconposition of
hydrogen chl gEsdéndObifEn Jeactsl i 14 1S Ryl offeri t hg PRF HRRE I Viat er

vapor, although in a small ampunt. On_ the upper 15 side of the wafer boat,
the gases are TrottRuUfFSHientdy HieataET AL F%ée gakes B he®@d fromthe

peri phery toward the center of_the wafer .%Q f@fg&ﬁatlon anount  of

wat er vapor iﬁEﬂ@é%é%F”ﬁht %wﬂ%ﬁ?ﬁua(ﬁstﬁﬁg %foﬁ¥%ﬁ?n%a?he oxi de
film Acdi ffe%esng_lle a{n?ﬂ?c%e&%aaﬂé% aingucpuﬁ’g{?%\@%grf%/&go%é argely

i nfl uences thé ness. ares waf er on the upper
side, the T11 MLMANRRS dife LAUAR AlnddfaCofd Sncré 85U 1E80aLa Bngo-called
hill-like filmthickness

center (see FIG. 10B) of the wafer. The oxidation

reaction is thus promoted more at the center of the

wafer W. Hence, the silicon oxide film tends to be

10 thicker at the center than at the periphery (see

FIG. 10C).

Hydrogen is generated by decomposition of hydrogen
chloride. Oxygen reacts with this hydrogen to generate
water vapor, although in a small amount. On the upper

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



distribution (poor planar uniformty). 25 The process gases are heated nore
as they flow toward the |ower side of the reaction tube. On the jyavess
side of the wafer boat, the water vapor - 7 JUN 2005 10 generating
reacti on reaches a substantial equilibrium state. Mre specifically,
before the gases flow along the wafer W they have already generated water
vapor al nost conpletely. In a wafer Won the | ower side, 5 when the
process gases flow fromthe peripherytowdrd~™ the center of the wafer W a
difference in water vapor generation anmount depending on the position of
the wafer Wis small. Hence, a difference in thickness caused by a
di f ference i n dfaesra hidysorr apetaradt impdRAuf S S el sl et iphidiref or e,
the |l ower the position of the wafer, the better the planar uniformty of
the thicknes$teftahe Mi49 e ide Fiymfatfe Mg sfasgs §ipy relong
oxinitriding process of fornmng a nitrogen-containing, silicon oxide film
AREBY RS

(silicon 15 o¥itf affs 4 Risteh g R SR IY B TRrok W gasvaRdfen  t he
process tenperature is decreased, the sane tendenc is observed. In this
case, when thé QﬁayQ? % dxid%ldhg“%§%6§g6§é§¥“%x§ﬁgﬁra% Silicon
e S on oIS UL U S LR ot D a1 5y e 3
E Qrerp silicon O tdfi%r fdd Ml Whred ! N S PFRAERSSCES kA ved Napor
generation amount depending on the position of the
wafer W is small. Hence, a difference in thickness
caused by a difference in water vapor generation amount
10 is also small. Therefore, the lower the position of
the wafer, the better the planar uniformity of the
thickness of the silicon oxide film on the wafer W.
In the oxinitriding process of forming a
nitrogen-containing silicon oxide film (silicon
15 oxinitride film) by using dinitrogen monoxide gas, when
the process temperature is decreased, the same tendency
is observed. In this case, when the dinitrogen
monoxide gas decomposes, oxygen and silicon react to
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 wéfer 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.



wafer Wis higher toward the center of the wafer W as 25 descri bed above.
I f the process tenperature is |low, the dinitrogen nonoxide gas is€7nfUN 2005
sufficiently deconposed at the upper side of the wafer boat. - 7 JUN 2005
2 11’ Hence, in the wafer Won the upper side, as the dinitrogen nonoxide
gas flows toward the center, its deconposition is pronoted. As a result,
in the wafer W on the |lower side, the filmthickness is larger at the 5
center, resulting in a so-called hill-1iKe tHickness distribution (poor

pl anar uniformty). The dinitrogen nonoxide gas is heated nore as it flows
toward the | ower side of the reaction tube. Hence, on the |ower side of
the wafer boatlefy HO ddedmdset ibrPpricRe cdrear stifdeci @nttye or better,

even if not sufficient, than on the upper side. Accordingly, in the wafer
Won the Iomer'%?%REOQQRHquﬂﬁlQErﬁ??oﬁ%ﬂ”%ﬁﬁﬁ%@ﬁ% he @?%Egrfrbﬁ§the

peri phery toward the center, of the wafer a difference jn gas_15
Fecompos: t 1 on AIHEIRISHEE i (Ho RATTITOh ofAT Ho WhTertay ik stipapREes v
Accordi ngly, dif.ference in fil i SS,. . i ffer ein
gas deconposi tacinon&{es lacﬂgeor gsjlrréxal 1 %%eﬁ%ﬁr%lgﬁggggv\g% %%%g%%siifi gﬁgof t he

wafer, dhe beéér?ief,heré)é\?l”@{rwnj[%oé né-csycé’ilé@%%\?}%ﬁffﬁé%ﬂic%@eége silicon

oxinitride filmon t'he wafer thi s manner, the process

tenperature isy;decnaasesh [hsoPlgndatinid oFSEAYLQf . the process for the
waf er on the upper side degrades, and the inter-planar

The dinitrogen monoxide gas is heated more as it
flows toward the lower side of the reaction tube.
Hence, on the lower side of the wafer boat, gas

10 decomposition progresses sufficiently, or better,
even if not sufficient, than on the upper side.
Accordingly, in the wafer W on the lower side, when the
dinitrogen monoxide gas flows from the periphery toward
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



-uniformty al so degrades. Hence, the process 25 tenperature is currentl
difficult to decrease. An enbodi nent of the present invention coﬁgtﬂﬂt@&@
on the basis of the above findings will be described - 7 JUN 2005 } - 12
with reference to the acconpanying drawing. In the follow ng description,
constituent elenents having substantially the same functions and
arrangenents are denoted by the sane reference nunerals, and a 5
repetitive description will be nade oﬁlylﬁf necessary. FIG 1l is a
vertically sectional side view showing a vertical heat-treating apparatus
according to an _enbodi ment of the present invention. This heat-treating
appar at us has Y& Serta i@ tta e iarf P am tnd dr adifist ok 12h€ heat i ng
unit 13, and gas . distributor, 14 which are controlled by a main controller
57. This heat %torléé’ﬁlrw SR st Wan CPEFOTHRTE vt oSt it PR BY ocess, dry

oxi dati on pr oGEES LA dgeh Ui S GayOar Tt Hd SHTTEEMBY R e Bombust or
12 Lo general ¢ uatal VAPQe AR Sl QX izad by sl gy the vater vapor.

In the dry oxidation process, OXygen gas i'zing gas) and hydrogen

chl ori de gas (2 £ATAUI HAS. CON ALY PG Iy agen, and: £hlocd dear gettering

gas) are heated by the heating unit 13. The wafer is oxidized by Using
these gases. In ther@xiniidigifgrPIOLESP. s&bibhi®Pefide view showing

a vertical heat-treating apparatus according to an
embodiment of the present invention. This
heat-treating apparatus has a vertical heat-treating

10 unit 11, combustor 12, heating unit 13, and gas
distributor 14 which are controlled by a main
controller 57. This heat-treating apparatus can
perform a wet oxidation process, dry oxidation process,
and oxinitriding process selectively. In the wet

15 oxidation process, hydrogen gas and oxygen gas are
burned by the combustor 12 to generate water vapor.
A wafer is oxidized by using the water vapor. In 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 i1s oxidized by using these
gases. In the oxinitriding process, dinitrogen
monoxide gas (oxinitridihg gas) 1s 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



-monoxi de gas (oxinitriding gas) is heated by the heating unit 13. The
wafer is oxinitrided by using 25 this gas. FIG 2 is an exploded .7 jyn 2005
perspective view showng the heat-treating unit 11 used in the
heat-treating - 7 JUN 2005 13 apparatus shown in FIG 1. As shown in FIGS.
1 and 2, the heat-treating unit 11 has a vertical heat-treating furnace
2. The heat-treating furnace 2 is connected to the gas distributor 14
through a first gas supply pipe 5 417 ahd td an exhaust means 15 through
an exhaust pipe 20. A wafer boat 3 as a support tool or holding tool for
wafers Wis detachably arranged in the heat-treating furnace 2. The wafer

boat 3 is veRPPEFEATESVEIThyi M Bgterl -bodts ahardt ot I @ spose @ at the
| ower portion of the heat-treating furnace 2. The vertical heat-treating
furnace 2 i nclt@edea trdmgataing edekt dit thife J predde<s cfider)r & e of ,
e.g., quartz, and having an open | ower end. heater. 22 servi s a
heating neans F8PR6E of-, 4% %efst'd:l?‘?@éiji% I!rA“bt’sﬂas‘ieor2, i% Ccﬁrgb?ﬁ%r%f?ttd’
surround the  reaction . tybe 21. Athermally uniformzing tube 23 is

i sposed bt witlE Cie PSS Tbd DRI e o 5D Sne T 157

uni for mzzi ng tyybe i t .t I ﬁgﬂ_ i ator 24. 20
A gas defusiéﬁ’pﬁéﬁét%ﬁ%HﬁE%?ﬁggggbg%ﬁgsﬁﬁﬁggp:o gﬁéqﬁgkggHélb IS

di sposed in thg Jeaetion tyhe2ho iDHd a halw.an wpperomald) kdy The
first gas supply

tool for wafers W is detachably arranged in the
heat-treating furnace 2. The wafer boat 3 is
vertically moved by a wafer boat elevator 30 disposed

10 at the lower portion of the heat-treating furnace 2.

The vertical heat-treating furnace 2 includes
a vertical reaction tube (process chamber) 21 made of,
e.g., quartz, and having an open lower end. A heater
22 serving as a heating means formed of, e.qg.,

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 unifofmizing 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



‘pi pe 41 extends through the insulator 24 fromthe outside and is bent
inside the insulator 24 into an L 25 shape. The first gas supply pifpdUN 2005
then stands wvertically upright between the reaction tube 21 and thermally
uniform zing tube 23. The distal end of - 7 J UN 2005 14 the first gas
supply pipe 41 projects into a space between the upper wall 2la and gas
diffusion plate 21c of the reaction tube 21. As shown in FIG 2, the wafer
boat 3 has, e.g., 5 a top plate 31, a béﬂtoﬁlplate 32, and a plurality of
colums 33. The colums 33 connect the top plate 31 and bottomplate 32. A
plurality of grooves are fornmed_ in the colums 33 at gaps in the verti cal

direction. ThEceddes ofashsuRirer PARRrE IRIYEF i P thesSAFEYr ooves, so

the wafers Ware held horizontally. The wafer boat, 3.is, placed on lid 34

t hrough, e.g.; e%é’eﬁ@atthienéiﬂpﬁri r‘lbﬁéyl i earnﬁégasser‘%/]i %.]scp% Brede %ﬂ%ul ating
menber. The i 4 opens/.cl oses .an @opening 25 at the |ower end of the

reaction tubeogléh?héeﬁ€§91¥% *H%%I ing cylinder 35 is placed on a
turntable 36, and _piss S‘rhoot te.lq1 1@ Cgll V{I{I dﬁ%fé%%o%tﬁwl%@b %.&ot ating
e o the 30.

shaft 37. The drivirng section 'S’ provi el evat or The 1id 34

5 Ehe e, 8,0, AL, Pl L gl opal o i gpvetkyest ool 1
furnace 2. Fl Go13pns & Sectinalo Mirgys siwwidithdhe it as1ate 31
and bottom plate 32. A plurality of grooves are formed
in the columns 33 at gaps in the vertical direction.
The edges of the wafers W are inserted in these
10 grooves, so the wafers W are held horizontally.
The wafer boat 3 is placed on a lid 34 through, e.g.,
a heat insulating cylinder 35 serving as a heat
insulating member. The lid 34 opens/closes an opening
25 at the lower end of the reaction tube 21. The heat
15 insulating cylinder 35 is placed on a turntable 36, and
is rotated by a driving section M through a rotating
shaft 37. The driving section M is provided to
the elevator 30. The 1lid 34 is attached to the
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



-12 used in the heat-treating apparatus shown in FIG 1. As shomn_zntﬁlﬁh
1, the conbustor 12 is connected, 25 outside the vertical heat-tre t4 5

un|t 11, to the

e.g/, quartz.

concentric doubl e-structure portion 50 formed of an

As shown in FIG 3, the conmbustor 12 has - 7 JUN 2005 -

upstream side of the first gas supply pipe 41 made of,

15 a

i nner pipe 5la and

outer pipe 51b made of, e.g., transparent quartz. An inner heating space
52A is formed inside the inner pipe 5lal 5An “out er heating 5 space 52B i s
formed between the inner and outer pipes 5la and 51b. The inner heating

space 52A conmunicates with a first gas inlet pipe 71 as it _extends
forward. The aomoaceﬁea:thqwgiosm@zelqtél%rmrmlareoﬁ%nfqmeqhﬁ r&@am 10

side, and conmunicates with a second gas, inlet pipe 72. The second gas

inlet pipe 72 i@nenhdsRa ﬁqﬂa%ﬂ%ﬂﬁuQﬁﬁﬂR%pqr%ﬁﬁt@%@%dﬁ%¢r?cﬁe@ porti on.
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exa cal carbon wre heater

The inner heating space 52A communicates with a
first gas inlet pipe 71 as it extends forward. The
outer heating space 52B is constricted on its upstream
side, and communicates with a second gas inlet pipe 72.
The second gas inlet pipe 72 extends at the right angle
from the constricted portion. A gas flow channel-
extends from the first gas inlet pipe 71 to the
reaction tube 21 through the inner heating space 52A
and first gas supply pipe 41. Another gas flow channel
extends from the second gas inlet pipe 72 to the
reaction tube 21 through the outer heating space 52B
and first gas supply pipe 41. These gas flow channels
correspond to the first gas flow channel.

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.

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

osed on
heati ng space 52B, and |s covered by a



‘insul ator 54. For exanple, the heater 53 has a string-like body and a
helical quartz pipe. 25 The string-like body is fornmed by knitting {Wgélher
a plurality of bundles of carbon fibers containing a small anount of netal
|npur|t|es The quartz pipe - 7 JUN 2005 16 accomopdates and seal s the
string-like body. The heater 53 generates heat upon reception of a voltage
t hrough a power supply |ine 55 connected to a power controller 56. A main
controller 57 for controlling 5 this Heat Qreatlng apparatus outputs a
signal corresponding to a preset heating tenperature that it designates.

A tenperature sensor 58 inthe vicinity of the heater 53 and forned of,

e.g., a ther AP %ﬁﬁinﬁ%ﬁeﬁ?%%%e?%@u?%rﬂ%ge%%¥%nb%¢§nalEheThe power 10
control l er 56 .control ower_sup anount to the heater 53 on the basis
o "t hese si gndl At ame} e S At SR nE SPREEE" 53 an Soee

conmmuni cate wit.h a(ﬂgmnstrean1conb st n wet oxidation is

to be perfor ned HPUSi hP W oyerP 1% %%e %g 899%%ﬁtﬁgvﬁﬁs tﬂ%wﬁFocess
gases, the hyd §@d oxygen, 9as, Lause, co tkogor % on_in the
e Beh P91 504 Eg

conbusti on chaﬁ%er generate wat er vapor. roRal view

shomnngg§he hqgilgmheégl gg%#§§ éﬁ%%%fﬁgeéﬁt% ggt%ngl paratus shown in

20 FIG own in g uni s C nected to the
upstream si de Qfr B SR6Uh §aso SHURPLYse Pl REad2ngBdenBEratube. tAYRI 1 €. The

second gas supply
designates. A temperature sensor 58 in the vicinity of
the heater 53 and formed of, e.g., a thermocouple
outputs a temperature detection signals. The power
10 controller 56 controls a power supply amount to the
heater 53 on the basis of these signals.
The inner and outer heating spaces 52A and 52B
communicate with a downstream combustion chamber 59.
When wet oxidation is to be performed by using hydrogen
15 gas and oxygen gas as the process gases, the hydrogen
gas and oxygen gas cause combustion reaction in the
combustion chamber 59 to generate water vapor.
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



-pi pe 42 branches fromthe first gas supply pipe 41 between the vertical
heat-treating unit 11 and 25 conbustor 12. The heating unit 13 has? JUN 2005
heati ng chanber 61 connected to the second gas supply pipe 42 and nade
of,’e.g., transparent quartz. As shown in - 7 JUN 2005 17 FIG 4, the
heating chanber 61 is fornmed of a cylindrical heating pipe. This heating
pi pe has an inner dianeter |larger than that of a third gas supply pipe 73
and is elongated in the gas passing diredtion. 5 The third gas supply pipe
73 introduces the process gases. A gas flow channel extends fromthe third
gas supply pipe 73 to the reaction tube 21 through the heating chanber 61
and second gad Supflry thigpd et inphichamhesr 4 low T hiietd <of responds to the

second gas flow.10 channel . A breathing resistance nenber 62 is disposed in

the heating claii&drafra 4t &P he Breat iy nd &Rt dite #Fenber 62
heat i di h b t hi i st . menb 62
Sples o bredrity Tanetx daart Atk AT RS oSt (A DUTFLY The
b t hi i 62 is f ! nb
of *pi ecos mdE SF doarrdt T B Fdathind Yaf WEMME Ll St o M
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| ar ge nunber quart z es “(‘e. he second

gas supply pipg <% .hag s IR diARIEre0ferdds Mo Nendegti g ghanber 61

has an
supply pipe 73 to the reaction tube 21 through the

heating chamber 61 and second gas supply pipe 42. This
gas flow channel corresponds to the second gas flow
10 channel.

A breathing resistance member 62 is disposed in
the heating chamber 61. When heated, the breathing
resistance member 62 serves as a heating medium. The
breathing resistance member 62 also applies a breathing

15 resistance to the gasses passing through it. The
breathing resistance member 62 is formed of an
aggregate of a large number of pieces made of guartz, 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

¢1l mm to ¢10 mm.



‘inner dianeter of, e.g., 60 mMmmto 80 mmand a length of, e.g., about 100
mmto 200 nmin the breathing 25 direction. Each quartz bead to be ¥ LN 05
in the heating chanber 61 has a dianeter of, e.g., about 01 nmto (il0
hm ’- 7 JUN 2005 J 18 A carbon wire heater 63 which forns a heating neans
is helically wound around the outer surface of the heating chanber 61. For
exanpl e, the heater 63 has a string-like body and a helical quartz pipe.
The 5 string-like body is fornmed by knittingtogether a plurality of
bundl es of carbon fibers containing a small anobunt of netal inpurities.
The quartz pipe accommodates and seals the string-like body. In FIG 4,
ref erence numner al s P64 aarirp 65 idemn dtaa e powe rwhlic ks uspigs uniheamon@ t er ni nal ,
respectively, to the heater 63. The heating chanber 61 and heater 63 are
covered by a"e@nisndl &&llicadilig Wwondrme Qs ndiseuehedeisice @f g., a
sintered insul ator of high- purlgy silicon 15 OX|de (%}0 A coollng j acket
66 is formed ithe Re2tddd §a6w oI dRT Kw ecocﬁ en(;]2

i ootion) . oforinigitrers oo, '°“ P R “Jtabi‘er?e?r@éﬂg?na

cool | ng swat er s%(% ngp—ﬂ'l& L y67ls r‘?r{’g)fra)% '“ﬂ’neléjce ngcfttoogeaéiere g @

thernDcoupIe sposed meen He"coo ng ja
plurality of bundles of carbon fibers containing a

small amount of metal impurities. The quartz pipe
accommodates and seals the string-like body. 1In
FIG. 4, reference numerals 64 and 65 denote a power
10 supply unit and a terminal, respectively, to the
heater 63.
The heating chamber 61 and heater 63 are covered
by a cylindrical casing 60. The casing 60 is made of,
e.g., a sintered insulator of high-purity silicon
15 oxide (Si0Op). A cooling jacket 66 is formed in the
casing 60. A coolant, e.g., cooling water, flows
through the coocling jacket 66 along the heater 63
(in the breathing direction). Cooling water is
supplied to the cooling jacket 66 from a cooling water
20 supply unit 67. A temperature detector 68, e.qg.,
a thermocouple, is disposed between the cooling jacket
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



-66 and heater 63 in the casing 60. The tenperature detector 68 detects the
tenperature in the casing 60. On the basis of this tenperature, -tthguNrgi
controller 25 57 outputs a control signal to the power supply unit 64 and
cooling water supply unit 67 through a supply anount controller 69. Thus,

t he power supply anmount to - 7 JUN 2005 - 19 the heater 63 and the cooling
wat er supply amount to the cooling jacket 66 are controlled. That is, the
heating chanmber 61 is adjusted to a predéterm ned tenperature by the

nmut ual operation of heating by the 5 heater 63 and cooling by the cooling

j acket 66. The heating chanber 61 of the heating unit 13 and the breathing
resi stance nerdber he2tan |6 and ithe oran lal e ada tesae Mgt Y faro g e's0 passi ng

t hrough them Mre specifically, the process gases are introduced through
10 the third §&¢ QPP PiIFCkeS ith rheHeate heEhandt 6iSadf@ted to the
predeterm ned tenperature. The process gases and the heated breathin
resistance MBS TER CERPS MY cohtatiiTheh uch RAHR e rMiRedf or e, ?he

process gases can be preheat to 15 predet er mi ned hi gh t enperat ure of
B00C t0 1 100 M BSTR AT IO TB R TP LI S P &Y 161 he gas
di stribytor 14 i di sposed upstream of .the c ustor 12 and heating unit
13. I\/brg specihfelaﬁ‘:al] yéooaﬁlenicngqﬁcllno%irg t_v% v%%o(){fdl){? %C]ffB, é;%d VC are

connect ed to the fifigl ., SecOM clitbed N1 & 8380k L PARESNTL: 132an8Nd 73,

respectively.
the breathing resistance member 62 filled in it form

a heat exchanger for gases passing through them. More
specifically, the process gases are introduced through
10 the third gas supply pipe 73 into the heating
chamber 61 adjusted to the predetermined temperature.
The process gases and the heated breathing resistance
member 62 come into contact with each other.
Therefore, the process gases can be preheated to
15 a predetermined high temperature of 300°C to 1,100%C,
typically 800C to 1,000C.
As shown in FIG. 1, the gas distributor 14 is
disposed upstream of the combustor 12 and heating
unit 13. More specifically, 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 81l. A valve V1 and a mass flow controller
MFl 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 oxXygen gas source 82. A valve V2

and a mass flow controller MF2 as a flow controller are



-The first gas inlet pipe 71 is connected to a hydrogen gas source 81. A
valve V1 and a nass flow controller M1 as a flow controller are- ¢oditedded
m dway along the 25 first gas inlet pipe 71. The second gas inlet pipe 72
is cbnnected to an oxygen gas source 82. A valve V2 and a mass flow
controller MF2 as a flow controller are - 7 JUN 2005 i 20 connected m dway
al ong the second gas inlet pipe 72. The third gas supply pipe 73 branches
into, e.g., four pipes, so it is conmect’d to a nitrogen gas source 83,

di ni trogen nonoxi de gas source 84, hydrogen chloride 5 gas source 85, and
oxygen gas source 86. Valves V3, V4, V5, and V6, and nmass flow controllers
MF3, M4, MFSorgm: i mrdvaprmert@dhe s¢eondugadriambst pppes. 72 The oxygen
gas sources 82 and 86 can be one conmmobn gas source. 10 The operation of
the heat-treatiify dpoet A% SHIWY BHPFI G Brantiepelecrebdd: WHER this
apparatus, a wet oxidation process, dry oxidatjon process oxinifriding

process, and thP§ike Tan be® SEHEG T yEO perfbi Mede? 0725 eSQULC Rafer as a
Fol [ovi ng. deschBRTEHIoT A SREI 1 BHG S of 1 Sct s 61 CTRE P ookt i on
g ESCI‘Ip_IOI’l, e oper | ns_a_ _e_e S y OX aj[IOI’l_
b SCESts 3 QSR LA 00RES o P14 U BESSE yd p oat on
sequentially. v4, v5, and V6, and mass flow controllers MF3, MF4,
MF5, and MF6 are connected to the four branch pipes.
The oxygen gas sources 82 and 86 can be one common gas
source.
10 The operation of the heat-treating apparatus shown
in FIG. 1 will be described. With this apparatus,
a wet oxidation process, dry oxidation process,
oxinitriding process, and the like can be selectively
performed for, e.g., a wafer as a target substrate with
15 a silicon layer exposed on its surface. In the
following description, the operations and effects of
the dry oxidation process, a gettering process, the
oxinitriding process, the wet oxidation process, and
‘diluted wet oxidation process will be described
20 séquentially.
(bry 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



(Dry Oxidation Process) Wien the main controller 57 selects the dry

oxi dation process, it sends operation signals for the dry oxi datibuN 2005
process to the heat-treating unit 11, 25 conbustor 12, heating unit 13, and
gas Mistributor 14. In the heat-treating unit 11, a | arge nunber of,

e.g., 25 to 150, sem conductor wafers Was the target - 7 JUN 2005 21
substrates are held |li ke shelves by the wafer boat 3. The interior of the
reaction tube 21 is heated by the heaterr122-in advance to a predeterm ned
tenperature. The sem conductor wafers Ware | oaded into the reaction 5
tube 21 by the wafer boat el evator 30. The opening 25 as the furnace

openi ng i s hersvtstoditias dussdte sy e shell Gas (bhethe arzfef a ).
Successively, the tenperature in the reaction tube 21 is raised to a
predet er i ned thenpaYt@uire, &f g-he sopst g t@he 19l statheatd. by nthee step
of | oadi ng th«% wafers Wand the step of raising the tenperature in the
reaction tube ZPRLE22 SLRAENGH thURe PR S IHREY HENRH W LHe oxygen gas

' lied f | y_pi h into. the 15 ' b
. Winh e T SRR e ML RE0TN - add DT B T 8EE f&;t oe

) | i T j i ft i 21
P e et og bR By ehe SIERRE G L JNEL 001301 | Ui " SBEALRP S40° 2

the interior ofs g reactiQn dpbeidd 15 RO-RLE oL vy PEESSUE & edhged. 10
this state, the
lid 34 (the state of FIG. 1). Successively, the
temperature in the reaction tube 21 is raised to
a predetermined temperature, e.g., 800°C, and is
10 stabilized.

In the step of loading the wafers W and the step
of raising the temperature in the reaction tube 21, for
example, nitrogen gas slightly mixed with oxygen gas is
supplied from a gas supply pipe (not shown) into the

15 reaction tube 21. When the interior of the reaction
tube 21 reaches the process temperature, gas supply is
stopped. The interior of the reaction tube 21 is
evacuated by the exhaust means 15 through the exhaust
pipe 20. Thus, the interior of the reaction tube 21 is

20 slightly pressure-reduced. In this state, the
temperature of the wafers W is stabilized.. Then, the
oxlidation 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 coocling 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



‘tenperature of the wafers Wis stabilized. Then, the oxidation process is
performed. The heating unit 13 is turned on. The power supply anodt Jow 2005
the heater 63 and the cooling water 25 supply anount to the cooling jacket
66 are controlled, so the interior of the heating chanber 61 reaches a
preset tenperature of, e.g., 1,000C. In the gas - 7 JUN 2005 22

distributor 14, the valves V6 and V5 are opened. The oxygen gas and
hydrogen chloride gas, respectively adjésted to predeternined flow rates
by the mass flow controllers M6 and MFS, flow into the heating chanmber 5
61 at flowrates of, e.g., 10 simand 1 sim At this time, the conbustor
12 is turned &ffstrifmitiqie Mal vde R 1vER WB aid t\he pre mapgnedde Bhet he
conmbustor 12 are closed. As shown in FIG 5A the process gases flow in
the 10 gaps YIRS Krasatdnichd ¥E9 I mrdel e raasy tvRREh % lY hermal |y

he br eat hi ng 8 s'st?%h@eo *if%tdoe&? GO T 15 79 (He AT ppothanber |
oxygen gas. and RYAIGHT LA ad@é&frefa%w L8801 B ROATOF hul as,
i U geazrzifeg%;swﬁ ER R L S
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. 5A, the process gases flow in the
10 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.
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.
2HC1 - Hop + Clo
20 Hy + 1/207 — 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



-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 447 Jhe 2005
process gases shift upward inside the thermally 25 uniform zing tube 23

whi lle being heated, and flow into the upper portion of the reaction tube
21. Furthernore, the process gases are supplied to - 7 JUN 2005 - 23 the
process region in the reaction tube 21 through the gas holes 21b, and are
exhausted fromthe | ower exhaust pipe 283 Diring this period of tinme, the
process gases enter anong the wafers Wheld |ike 5 shelves, to subject the
wafers Wto a predeterm ned process. Mire specifically, the chloride gas
renoves (get tté&e PFPEHH afdian irettdls meRathomdfwre siir fiduougiThe oxygen
gas oxidizes the silicon |ayer on the surface of the wafer W thus form ng
a silicon oxi d8e10aS hAlephedd pridce s e wdritchifir ot g |Latfunt  of

wat er vapor, as_descrihbed above. The oxide filmagro because of the water
vapor. Duri ng StRie S 80€&s 2% he Prodes S yas &8 %Yy Vﬁetlni?e'attﬁ'ﬁ‘g unit 13

flowto the conbustor 12 throygh the 15 .second and. f.ir.s as supply pipes
42 and a1 1 | SEREAR e A S RS Rt A Thd 19t e Sotond b

Lot DAPeS [ BIG L, KESREINE e S A0 RO Of-edR AR LR, e

the upstream 20 3ide of M fie cQustion Ghamel SPoride gas removes
(gettering) contaminant metals on the wafer surface.
The oxygen gas oxidizes the silicon layer on the
surface of the wafer W, thus forming a silicon oxide

10 film. These process gases contain a small amoﬁnt of

water vapor, as described above. The oxide film grows
because of the water vapor.

During this process, the process gases from the
heating unit 13 flow to the combustor 12 through the

15 second and first gés supply pipes 42 and 41. If 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 tc 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



"The silicon oxide filmfornmed by the dry oxidation process according to
thi s enbodi nent has excellent characteristics in both the planar-7 JUN 2005
uniformty and inter-planar uniformty of the thickness. This may be 25
due 'to the followi ng 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 - 7 JUN 2005 24 1,000C, and activated, so they are
thermally deconposed. Thus, snall amountzd of~ wat er vapor and chloride are
generated. Even the tenperature decreases, the water vapor and chloride
once generated 5 in the process gases do not reduce in anount. Assune that
wat er vapor arildQQﬂGrnG@dala@tgé’ redobyEhete anedtiargaidit 13 at a
tenperature higher than the process tenperature in the reaction tube 21.
Even if the pjr%c%’é"s&oﬁfé%es B codtaekl Wi e heyt fYaheF hyaReh a0dt he second
and first gas supply pipes 42 and 41 on the secondary side, changes in the
process gages Cii'pp ad ap ¢ ERIF IS t hdE ProceRs B%E%%r%ﬁ%r%eat ed in the

reaction tube, 21 after t{h t.he enerate,n wat er $ n ot her

words, the prSteds ﬁaese's %® "é%’i‘?]\{a P by 5° %rh%%t?rhfge u?i peia ‘aﬂd arﬁ
h Iy d t ng t

wt er e Vst aonin B s S ey o ok, FRaBee e aianet . PIELuAEDNO NS

chloride al nvs&hactornateéxewa orT hel @l A for idie SO, 9&&\@%@& vpgor and

chloride 20 contained in th e process gases f ng rom-t
heating unit 13 at a temperature higher than the

process temperature in the reaction tube 21. Even if
the process gases are cooled while they flow through

10 the second and first gas supply pipes 42 and 41 on the
secondary side, changes in the process gases are small.
Even when the process 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.



‘peri phery toward the center of each wafer Ware al nost the sane at any
position. As a result, even on the wafer Wl ocated at the upper s-lﬂelUtifZUﬂfl
t he waf er boat 3, the film formation operation by the water vapor and the
25 gettering operation by chloride take place to alnost the sane degree
wi thin the wafer surface. Hence, the planar uniformty of the thickness
becones good. - 7 JUN 2005 25 Furthernore, in the prior art, the | ower on
the lower side of the wafer boat 3, TheZ?Yoré& generation of water vapor
and chloride progresses. On the upper side, the thickness uniformty is
poor. The lower the 5 position of the wafer, the better the thickness
uniformity. In contFaethemuars s, imithe towel o yarloxi g | HPWPF oResERaccor di ng
this enbodi nent, the eneration reactl on that occurs on the | ower side
when no heatllr?g"%lscld%i% qfs ed'afdr f%8ady odIMTE FEIR TPpDEr si de.

Hence, variations in thickness . distribution anong t@brﬂ?f ers Wdecrease,
and the mtet’“’ad:l% YRR 13T Y VL Ih L1 RRES b SR Strictly,

the t t t. th t t.h t th h f th f
W so t he thi CRis S (e 0 FRETGRTE o Lh et orih Tiefi AT bl ace.
When, hewever, the %droogegh aogérdga??%n@@g% Lg[«f % t]f'ne AL & heat ed by the

heatl ng unit ff per for m dr oXl peri pher al

region grows, g, r?ﬁ’k%ﬁqu%'é’oﬁﬁl_%éﬁ“%n@?ﬁ%u%{@rﬁ Mty pegonmes good. 20

This may be due to | ow ng reason
oxidation process according this embodiment, the

generation reaction that occurs on the lower side when
no heating unit 13 is used has already occurred on the

10 upper side. Hence, variations in thickness
distribution among the wafers W decrease, and the
inter-planar uniformity of the thickness becomes good.

Strictly, the temperature is higher at 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.



‘reaction tube 21, the water vapor and chloride obtained in the heating
unit 13 flow fromthe periphery toward the center of the wafer W7 HYNC2#N5
the concentrations of the process gases may slightly decrease toward the
25 denter. As a result, filmformation and gettering at the periphery
progress largely, so the operation of increasing the thickness at the
periphery acts. - 7 JUN 2005 - 26 Since the process gases are heated by
using the heating unit 13, they can Dbe &bt i vat ed sufficiently. 1In the
heating unit 13, the heating chanber 61 is fornmed of quartz, and the
heater 63 has a special 5 arrangenment. Hence, the heating chanber 61 can be
heated to a hi gh ténperatiire Bioces .92 vrhepred bMsugiesgrilbed above,
the heater 63 _has a special _structure formed of a string-Iike body and,
e.g., a heli c8Padact »*Mibd 3 THé St [GalyNe I WotRFa% Fof enfol Yy kni tti ng

together a plyrality._of hundl es of carhon,k fibers containing a small anount
of “metal | mpurft S Nerid MM thite i RAIdRSE HP Sod S Lhe
string-Ilike t%%d . Thef breathi n nrdescihset ang mar’g)jerh 62 is for.lr’gald in 15 the

heati ng chanbér 5 ,d and qtuﬁétﬁﬂocess gaseseaareer heat 8¢ as St%ee%/ cone into

contact sni 1 Lhe SEHMN0  Heplest ance WIS, 2ol i e agperat ur es of

t he process gases I ncrease effi1clent reathing resistance menber

?ﬁei s filled ipakthe heatd ng 20 whdert il Jhus. dhe y@Pcess gases flowin

As described above, the heater 63 has a special
structure formed of a string-like body and, e.g.,
a helical quartz tube. The string-like body is formed
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.



~heating chanber 61 while comng into contact wwth the breathing resistance
menber 62. This prolongs the stay tine of the process gases. The-{r goRe<805
gases are heated by conbination of heating by convection of the 25 process
‘gaséls thensel ves heated by the heater 63, and heating by heat transfer
fromthe breathing resistance nmember 62. - 7 JUN 2005 1 27 As the
breat hi ng resi stance nenber 62, for exanple, quartz pieces (e.g., beads)
each having a diameter of about ail mm t%d 0I0 mmare used. As the quartz
pi eces 62 have a large entire surface area, a 5 large heat transfer area
can be reserved, so the process gases can be heated efficiently. The
heating chanmber 6P%rid SRR stpplstprpe mombee ednnéered to each
other. Thus, the process gases sufficiently activated by the heating
chamber 61 aré& §e I 1 BFSecthd® gaPLRl]BPl yedFpavingi de
mai ntaining a .high-te rature state. Since the process gases are
supplied to t e Iigﬁ?t 'ng&hFWbtﬁoV@?Hgmﬁ F§husgeri véSdégree, a
process with q%;pLanar j formt and inter-planar uniformty of the
t hi ckness can%o%%l r?elrefcoersrrebg(;ﬂ, DAV c]ﬁlb%ed %{b%g S‘ﬂlf"é?cf%r?ﬁ%aPr cess) A
getterimg prog d$ foryed: f.or L& h]]e ontam pant, netals on the
waf er surface. en te%gntg{n cez)ntarr(r) aFfa)érlalrg%)é;se eesc'%;s %Cﬁ’e Sg(gt%%% ng process,
it sends process gases can be heated efficiently. The heating
chamber 61 and second gas supply pipe 42 are connected
to each other. Thus, the process gases sufficiently
activated by the heating chamber 61 are supplied to the
10 second gas 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



-20 operation signal for the gettering process to the heat-treating unit
11, conbustor 12, heating unit 13, and gas distributor 14. In the; jyyn 20
heat-treating unit 11, a large nunber of wafers Ware held |ike shelves %w
the wafer boat 3. 25 The interior of the reaction tube 21 is heated by the
heater 22 in advance to a predeterm ned tenperature. The wafers Ware

| oaded into the reaction tube 21 by - 7 JUN 2005 28 the wafer boat

el evator 30. The opening 25 as the fuarnd8e opening is hernetically closed
by the Ilid 34 (the state of FIG 1). Successively, the tenperature in the
reaction tube 21 is raised to a predetermined 5 tenperature, e.g., 900C,
and is stabilithedwafieg fpeath mgamitori3q.s tihenapaorngiée peneihe suppl y
amount to the heater 63 and the cooling water supply anmpunt  to the cooling
jacket 66 are fEGRECS CEGN 10D hd R GYl of ARSI RY rid e Haifbet? 61

reaches a 10 preset tenperature of, e.g., 1,000C In the gas distributor
14, the val ves Y96 &t@0¢sodr & Gpendd. ﬁ’ﬁqes%ﬁﬁﬁrﬁ's e o@&%ﬁberfagtd%reand

hydr ogen chl or,i d as, _respectively adjust.ed redeterm ned flow rates
by the nass fllno%h%o SA51HY e?rﬁdﬁ\%ziajﬁeé%/vqcicﬁtao 3%&%%‘? g chanber
61 at fl.ow rates_of .g., 0.01 o0 _1 sl.m an . Imto 1 slm At
this tiﬁe, thge“%ﬁﬁ%ﬁg?%? f29¢ ?ﬁﬂ%@d SPF,lgngt%ﬁglgéﬁéés VA and VB as

the primary side ofph e(‘glog%t&{iQZl@rfs ol osedy &S, shayw 15&1&6 5B, the

process gases flow'in the
supply amount to 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.qg., 1,000C. 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
1l 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



-20 gaps of the breathing resistance nenber 62 through a thermally

uni form zing tube in the heating chanber 61 while comng into coﬁﬂaéqN@th
the breathing resistance nenber 62. Wile flowing in the heating chanber
61, ! the process gases are heated to, e.g., near 1,000C. 25 Hence, the

hydr ogen chl ori de gas and oxygen gas react, so the hydrogen chloride gas
and hydrogen gas are present in the m xed state. The process gases heated
- 7 JUN 2005 29 in this manner are suppld%®dto the heat-treating furnace
2 through the second and first gas supply pipes 42 and 41. In the reaction
tube 21, the process gases enter anong the wafers Wheld |ike shelves, to
subj ect 5 the Waftdriss Wamner prrezieserpd ned o oclesshedbrerespengfically, the
hydrogen chl oride gas and chloride gas renove (gettering) contan nant
netal s on the WEECe SurfcaigTHe o r seleerd mp@df Hes t egé figSpppLEssipss
performed in this nner. Successively, e.g., a wet 10 oxidation process is
performed. Wt tarﬂgiagdelt't erithg- 1t ocact i ortb a2t o Ehe sPreadedi gepes since

t he hydrogen chl.oride gas .and oxygen as, are sufficiently heated and
acti vat ed irltﬁﬂgerhéﬁ¥ﬁﬁb t ?H%gh?%§c¥l§%f$@%}%%%lytokéﬁéé?CES

hydr ogen chl ore'ht g,watyedrrso%rto aandlf%ei%gelllfﬁlﬁg%éjgl%lé%%?SMt er vapor, which are

reacti on produc are present She %%f?ering effect is
e, 50, PSRRI A, WV ADE seialian 1S sekctatdilzee |
gas remove (gettering) contaminant metals on the wafer
surface. The predetermined gettering process is
performed in this manner. Successively, e.g., a wet

10 oxidation process is performed.

With the gettering process according to this
embodiment, since the hydrogen chloride gas and oxygen
gas are sufficiently heated and activated in the
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

oxinitriding process, it sends operation signals for

the oxinitriding process to the heat-treating unit 11,



-20 wet oxidation process is to be perforned successively, an oxide filmis
formed on the wafer surface where netals are renoved. As a resulty, Ji@N 2005
high-quality film can be obtained. (Oxinitriding Process) 25 Wen the nain
contirol l er 57 selects the oxinitriding process, it sends operation signals
for the oxinitriding process to the heat-treating unit 11, - 7 JUN 2005 30
conbustor 12, heating unit 13, and gas distributor 14. 1In the
heat-treating unit 11, a |l arge nunber of 34afers Ware held |i ke shel ves by
the wafer boat 3. The interior of the reaction tube 21 is heated by the 5
heater 22 in advance to a predeterm ned tenperature. The wafers Ware

| oaded into temeHEitdon 2,ubfedlity unie Waf eandozds el eviat druBr The
opening 25 as the furnace opening is hernetically closed by the lid 34
(the state of FIG I .tlsydeestsivetatinheunbpel atarbatdei nunherrescti on
tube 21 is raised to a predetermned tenperature, e.g., 800C, and is

stabilized. THERREEt ithgamitedd jike whrelvoh. brhdiepdwefer seppt y3anount to
the heater 63 and the cooling water supply anmount to the cooling jacket 66
are control | ed, elS”&d”clﬁbr it - G hedle myl chanbe?ted Praehes a
presel LeRer e o0 o SigndPIS 1 4000 L Sl Lhe, 28, dst i buto
proddeterm ned WAL B add o dBaga b AL oA SEs il d Ofp o the
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
10 in the reaction tube 21 is raised to a predetermined
temperature, e.g., 800°C, and is stabilized.
The heating unit 13 is turned on. The power
supply amount to the heater 63 and the cooling water
supply amount to the cooling jacket 66 are controlled,
15 so the interior of the heating chamber 61 reaches a
preset temperature of, e.g., 900C to 1,000°C. 1In the
gas distributor 14, the valve V4 is opened. Dinitrogen
monoxide gas, adjusted to a predetermined flow rate by
the mass flow controller MF4, flows into the heating
20 chamber 61 at a flow rate of, e.g., 1 slm to 10 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. 5C, the dinitrogen monoxide gas
25 flows in the gaps of the breathing resistance member 62

through a thermally uniformizing tube in the heating

chamber 61 while coming into contact with the breathing



~20 chanber 61 at a flowrate of, e.g., 1 simto 10 sIm At this tine, the
conbustor 12 is turned off, and the valves VA and VB as the primapyjs @gs
of the conbustor 12 are closed. As shown in FIG 5C, the dinitrogen
nonoxi de gas 25 flows in the gaps of the breathing resistance nenber 62
through a thermally uniform zing tube in the heating chanber 61 while
comng into contact with the breathing - 7 JUN 2005 31 resistance nenber
62. Wiile flowing in the heating charmber3161,-the dinitrogen nonoxi de gas
is heated to, e.g., near the preset tenperature. Hence, the dinitrogen
nonoxi de gas is pre-heated to a tenperature 5 close to the deconposition
t enperat ure. TIRSIdH AN geMbemn©Xi deVlybbe i §lohimg athi Viae edesbisgch a
degree that it is deconposed as soon as it flows into the reaction tube
21. In FIG SCha®er showstheodiml § e thorneeide syas el s Theatedi tpogen
nonoxi de gas heated in this 10 manner enters the reaction tube 21 to
oxidi ze and Mfitdidd'&He €15 iRGIET Ayt P 2 Her Saf ienge Helke, a
ni trogen-m xed .si.Itircon oxi de fic{lm is formed. Wth the oxinitridi ng process
according to thi's MBI 1R et drhe P I TroYERS cont &i hPPQeERFRESBN 15
oxi de fiJd m has,.excelle characteristics in both the planar uniformty and
. 5 1 - .
i nter-planar Ufi Oe”#' ;gho? %a%%ome%Sllctf(ln%%sFe%‘?xéa% € be @1&% 2524 hECFO1 1 owi ng
reason. The qjJHd.fqae no i%gdgaé i s heated b e_h in unjpt.13 to,
e.g., near 900 - éto %%%0% : and 1S 88 %66 Pudi® 83(5{:6@ ehfttsd
is decomposed as soon as it flows into the reaction
tube 21. In FIG. 5C, N,0* shows NoO 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.



-20 activated in advance to a state inmmedi ately before deconposition. Wen
t he di nitrogen nonoxi de gas enters the reaction tube 21 and r each@sJdih,&ld
upper side of the wafer boat 3, it has already been deconposed to a

consi derabl e degree. Even if the tenperature in the 25 reaction tube 21 is
|l ow, the dinitrogen nonoxide gas is activated sufficiently, so the silicon
oxide filmcan be heavily doped with nitrogen. - 7 JUN 2005 32 At this

ti me, when the dinitrogen nonoxi de gas flows fromthe periphery toward the
center of the wafer W the deconposition degree does not substantially
differ between the periphery and center. The anmount of 5 active species
gener ated by the dedoripuisi tiiore ofwhel nilte odemi opoxh deongx aflgpgast he sane
or does not differ very nmuch at any position. Hence, the planar

uni formty of fliees Hirehddye RO godPEkh Fie acelv\bﬁP%rogVU@)%a‘t’@ﬁeét t he
upper side of the wafer boat 3. 10 Wth the oxinitridin rocess according
to this enbodi/méite TR GG DIFGERT i REDRUr rI M o Ehel LY over si de

when the heati it 13 is not used |t ead d on th
Side. Hence, VHtT IS WA (1SS S (T OH Srong. FRe-BEFRF oW

decrease, 15 and .the jnter-pl anar._uni rm 0 hi cknes becones
oL (e e U AN U T (e Al DLEERENS: DocomeS

embodi ment , evﬁr}llj]i‘{/rc;gté% LIRS AT S Pindde (FRCLLiRD SHbgogd ASe! ow the

filmcan be heav
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.



-20 doped with nitrogen. Al so, the planar uniformty and |nter-planar
uniformty of the thickness can be inproved. (Wt Oxidation Procéssf Wﬂ@ﬁ
theymain controller 57 selects the wet 25 oxidation process, it sends
operation signals for the wet oxidation process to the heat-treating unit
11, conbustor 12, heating unit 13, and gas distributor 14. - 7 JUN 2005 |
33 In the heat- treatlng unit 11, a large_nunber of wafers Ware held |ike
shel ves by the wafer boat 3. The interidf of the reaction tube 21 is
heated by the heater 22 in advance to a predeterm ned tenperature. 5 The
wafers Ware | oaded into the reaction tube 21 by the wafer boat elevator
30. The opening 25 las thige hemirtaca togenivng § d lherarednasl mMpr&iegs&f by the
lid 34 (the state of FIG _1). Successively, the tenperature in the
reaction tubevwgfers Waﬁ§@dhﬁédalﬂ#@dé@@#ﬁ?ﬁe@yléh@eHﬁ@?&t @t & - g . 900C,

and is stablll ed.. The .conbuystor 12 is .tur The . power amount
to the heater 'B§ i& 85&PFOP% dhe s5eﬁﬁ%lpﬁtgP%5r%1 F%?IﬁﬁﬁiﬁpgjébaceSUSZA
and 52B reach, preset ..tenperatures 900 t0.950 In th

15 distributopg ST k& &gf gsaﬁceaﬁﬁ 9295%?%%%5%&?6 ﬁ?ﬁléﬁﬁ%‘é%% gnd ° 9%

curoer 50, kLAYl W AR TR pllonimtam b eme
€.g., 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 MFl1 and MFZ2,
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. 1In the gas distributor
14, however, the valve V3 is 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 sccm. In place of

the nitrogen gas, oxXxygen gas may flow into the heating



"3 sImto 10 simand 3 sImto 10 sIm The heating 20 unit 13 is turned off.
Accordingly, power supply to the heater 63 and cooling water supplJjunt 208 he
.cooling jacket 66 are not perfornmed. In the gas distributor 14, however,
the valve V3 is opened, so nitrogen gas, adjusted to a predeterm ned flow
rate by the mass flow 25 controller MF3, flows into the heating chanber 61
at a flowrate of, e.g., 50 sccmto 500 sccm In place of the nitrogen
gas, oxygen gas nay flowinto the heati ng4 7 JUN 2005 | - 34 chanber 61.
As shown in FIG 6A the hydrogen gas and oxygen gas are heated by the

i nner and outer heating spaces 52A and 52B, respectively, of the conbustor
12. Part 5 of ahe@ksdydeln gas and the hydrogen gas cause conbustion

reaction in the conbustion chanber 59 to generate water vapor. Oxygen gas
and wat er vapor gerfet atRPR ntR Wi G- n@%ne?h%r%y@ﬁ®%¢me@a§oaﬂﬁeohﬁaﬁntreatlng

furnace 2 through the firs as_.suppl i 41. A smal | anmount 10 of
ni trogen gas t Has %&1 ﬁ%fﬁéiﬂ Qﬁfe{np?aﬁéngss%?g%ssupplied

to the heat-tregtin ace 2 thr h th econd and fir g suppl y
pi pes 42 and rICat eé]reraecstﬁeo%tlt ’21°F FI ocHERIYRRTE a 21§ Frjlfjxture of

% e wwers e e WOl de ke relues, e O
and wat er vapQr Qxiidi,7€ %é'éé%é@ﬁrcﬁﬂnﬂg@ 59 to generate water
vapor. Oxygen gas and water vapor generated in this
manner are supplied to the heat-treating furnace 2
through the first gas supply pipe 41. A small amount
10 of nitrogen gas that has passed through the heating
unit 13 is also supplied to the heat-treating furnace 2
through the second and first gas supply pipes 42 and
41. 1In the reaction tube 21, a process gas as the
mixture of these gases enters among the wafers W held
15 like shelves, to subject the wafers W to a
predetermined process. More specifically, the oxygen
gas and water vapor oxidize the silicon layer on the
wafer surface, thus forming a silicon oxide film.
With the wet oxidation process according to this
20 embodiment, the combustion reaction of part of the
oxygen gas and the hydrogen gas occurs sufficiently in
the combustor 12, so they are supplied to the reaction
tube 21 after it has already generated water vapor
almost completely. Hence, the amounts of water vapor
25 and oxygen contained in the process gas flowing from
the periphery toward the center of the wafer W are

almost the same at any position. As the supply degrees



-waf er surface, thus formng a silicon oxide film Wth the wet oxidation
process according to this 20 enbodi ment, the conbustion reaction-qf JyNr2005
of the oxygen gas and the hydrogen gas occurs sufficiently in the
conmbustor 12, so they are supplied to the reaction tube 21 after it has
al ready generated water vapor alnost conpletely. Hence, the amounts of
wat er vapor 25 and oxygen contained in the process gas flowing from the
peri phery toward the center of the wafer 3%are alnpst the same at any
position. As the supply degrees - 7 JUN 2005 - 35 of the water vapor and
oxygen in the surface of the wafer Ware al nost the sane, even when the
process tenpethattire Watelecvarsernd hexyemain ublhé 0$Wf§lc©f0fhéhe hi ckness
beconmes good. 5 At this time, since the nitrogen gas is supplied to the
heating unit MBI faksy diNesle Gas $abe tEEen conduste RQOFésﬁhe heat i ng

unit 13 can be evented More specifically, the second gas su pi pe 42
is forned of §A LN § HeS Fe ?%% uhie H%a%%%t%n%ﬁ%r%BtﬁrBE éegas,

t he second gas sqgﬁpy £ e 42 reaches consi derably high tenperature.
Hence, no val V&% s Léﬁﬁﬁmﬁﬁ YRes and st oppi ng gas supply can be

ConnECt%g to the SQ&? qgggstﬂgplglgEgetﬁg n££r£ gntgggeEStﬁep§9%ﬁéqulIEd

fromthe heatlng uni er vapor ust or

undesi r abl i h 1 ough e c g suppl y
pi pe 42. C%ce t e mater Vgg% &?égaggg he %i@& HE th £ 2P Bl

combustor 12 to the heatlng 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. TIf 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.



“the breathing resistance nenber 62 filled in the heating chanber 61, it
cannot be renoved easily. 20 Assune that in this state, the dry oxi HatNoxi5
prog¢ess is to be perforned in the follow ng step. Then, the water 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 flow ng of the gas from
the conbustor 12 to the heating unit 13 3% effective. - 7 JUN 2005 36
(Diluted Wet Oxidation Process) A diluted wet oxidation process is the
following process. A process gas containing oxygen and water vapor used
in the wet oxi@dtliwiedhrittesxidgslerombaratoyve 5 is diluted with a smal |
amount of nitrogen gas, Then, the diluted process gas is sugﬁlied into the
reacti on tube 21. éhﬁ##@?ﬁﬂr%ﬁ% Qbhie bl PRrroIcess eEssthpefodipuing wet

oxi dation process, it sends operation signals for the diluted wet

oxi dati on prodd&ER 1 he* RF S 1$BR TG U ARG 10X LHMBURESr¥aDeT heat i ng
unit 13, and\gg%)distr'butgg 14. In tng peat-treatinqdunit.ll, ghlarge
nunber of waf'Srs WHIE Het 1§ KE s R VRt by (P waf 2riboat 1Red Fpave
interior of t r i uhe ] e y e. eater 22 in_advance
to a prgdetergghégﬁﬁg%%gﬁgﬂﬁ}ég%ﬂ#%%Pﬁg%ggyP %$%1%§%£%§ ?%?b t %e?éaction

E)Ube_ 21 by ht %é"’_@iﬂhé&?tpr@é@é’% %%s?’o:fs -P%Jﬁpféﬁ NG, 25 Bt PEacLyLnace
pening is hermetically closed by e |l
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.qg., 850°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

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



“(the state of FIG 1). Successively, the tenperature 20 in the reaction
tube 21 is raised to a predetermned tenperature, e.g., 850C and RPN 5
stabilized. The conbustor 12 is turned on. The power supply anDunZ 0 ?%e
heater 53 is controlled, so the interiors of the heating spaces 52A and
52B reach preset 25 tenperatures of, e.g., 900C to 950C C. In the gas
distributor 14, the valves V1 and V2 are opened. Hydrogen gas and oxygen
gas, adjusted to predeternined - 7 JUN 2805 37 flow rates by the nass flow
controllers MF1 and MF2, flow into the conmbustor 12 at flow rates of,
e.g., 3 slmand 3 sIm respectively. The heating unit 13 is also turned
on. The power fS@ppirgtefolpnt the e shebiaw cB e lar s Mk otd M at er
supply anmobunt to the cooling jacket 66 are controlled so the interior of

the heating dH&MHENtEL theadtddus itesled aterfptatipteofe.9:9-7 1, 000C. In
o a pr edet er i MO 70T 1o i & SIPAHE Fsk 11616 ST 1 S NESL tTome | nt o
h° hot P odd i thidl et ' e ehethie Bl AR e S M B
while ooming 1o e e EUe Y Rl by (A RE el TSt a e

nitrogen gas floumsd e @%eh%tﬁgjll Rer bl i dded Soh6of ethd One £ By NEA!
1, 000C. The throgen gas pre-heated Iin this manner 1s supplied to
chamber 61 reaches a preset temperature of, e.qg.,
1,000C. 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 0of 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 1s then mixed with
the process gas containing the oxygen gas and water
vapor which flows from the combustor 12. Hence, the
process gas 1s 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



“the first gas supply pipe 41 through the second gas 20 supply pipe 4@{‘ g&g
nitrogen gas is then mxed with the process gas containing the ong

and; water vapor which flows fromthe conbustor 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 m xture
of these gases enters anong the wafers Wheld |ike shelves, and subjects
the wafers Wto a predeterm ned manner. M$re ™7 JUN 2005 - 38

specifically, the oxygen gas and water vapor oxidize the silicon |layer on
the wafer surface to forma silicon oxide film Wth the diluted wet

oxi dati on proé@ssiddcerldivhg LB taxX IR Ehodiderater ferm s rogedlzas is

m xed with the process gas containing the oxygen gas and water vapor

after it is st¥ GEntddn pravdeted iy Ureheatifare U tfast oherefore, the
tenperature of the process gas does not decrease due to mxture with the
nitrogen gas. %ﬁﬂﬂﬁﬁﬁkﬁ%l{il%rprocess with a good planar uniformty of

the thick . f d, | th ds, when the njt whi ch
o not hoated 19 D Wie NETHE B B bR St T N SR ohueR PR

, sthe t t { d X .
Gas i 1 o decroaiod THMEraTLve T S 1o (6 ne oReTs oh- Chbatal to.

e o B RS SR AR S5 EF wBSE HigperiBhery
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



“this, in the diluted wet oxidation process according to 20 this enbodi nent
the nitrogen gas is sufficiently pre-heated by the heating unit 718 JUN 2005
.advance. Then, a tenperature decrease of the process gas can be
suppressed, so a decrease in planar uniformty in thickness can be _
prevented. 25 As described above, in the heat-treating apparatus shown in
FIG 1, the conbustor 12 and heating unit 13 are disposed in a parallel
manner. Therefore, the wet - 7 JUN 2005 F“%Q"oxidatipn_process utilizing
the conbustor 12; the dry oxidation process, oxinitriding process, and
gettering process utilizing the heating unit 13; and the diluted wet
oxi dati on procestaftian ALRF vt Hhel cbmputhercambustendl Aeathagduwi t 13
can be perforned selectively. In addition, a good result can be obtained
with each pr R PP GRS 104 iR § ot bk ¢ 650 @ppar atRid %%Wﬂél’@ﬁljy t he
conmbustor 12 is used, if. the conmustor 12 heats 10_ox n_gas and hydrogen
chloride gas, RSt Qﬁ&%ﬁﬁ%Qﬁlthﬁ(ﬂﬁﬁgl%%du%+9 %§1d%§$oﬁgﬁr%bég§eéan be
per f or med. FQ%%yer. e heated oxygen gas.is cooled while it asses
t hrough the co usci}ilo%la c%oanrrbbel?oc‘B%S%tq”ih - et b%&éggh%fc?wéuﬁﬁﬂguigor 12.
Thus, the oxy ggﬁnﬂnﬁpdﬁﬁ EL [ i heat -treating furnace 2
has a | ow acgﬁg% egr ee. é?géo%gﬁym%ié?%h§%$gﬁl?e %C%%Y?%¥h1a process
with a good pl@naygdinifdf,Md Ygd tAésult 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



“thickness. In contrast to this, with the heat-treating 20 apparatys shown
in FIG 1, the oxygen gas heated by the heating unit 13 can be S péVNéﬂWto
theyheat-treating furnace 2 while maintaining its active degree.
Therefore, a high planar uniformty of the thickness can be ensured as
descri bed above. 25 Wth the heat-treating apparatus showmn in FIG 1,
various types of processes can be perforned well with one heat-treating
apparatus. Thus, the range of choice — 74PUN-2005 - 40 of the processes
becones wi de. This is advantageous in terns of cost and space efficiency.
Since the processes described above can be perfornmed with one
heat - t r eat i ng dppareatprsyces g8 surkad ¢anye fw ptocesBess chn &3 ven canednsious| y
perfornmed in the follow ng aspects with the wafers being accommodated in
the reaction tifgart gssumnd kRachesHeteenay. probess Bl wet oxidation
process are to be conbined. The gettering process is perforned first with
the wafers W BHQHRS S85 é&ﬁﬁﬁﬁﬁ%ﬁ%eﬁo@‘fﬁ tFR reRck e oFP IR Wwith PReessi vel y,
t he wet OX|dat|gQ}process erformed continuously. In this case, the

motal on the VEREY GUA R I ae%%%v By A Loty &9F RFPFEeEss. SRR 1 hi s
state, B vel 9 den (DS ored Ther slor, e (LDt g bign Syl tY
combining the E’i?é vPﬁ‘féiPé'r?&rPé Oé’fé&ru%@a@éé' X4 1P ction tube 21.

Assume that the gettering process and wet
oxidation process are to be combined. The gettering
process 1is 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 watef 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



" process. These two processes can be perforned alternately and conti nuouszlﬂaé.
In this case, the wet 20 oxidation process is perforned first wi tH ¢
wafers W being acconmmobdated in the reaction tube 21. Then, the interior
of the reaction tube 21 is purged with, e.g., nitrogen gas. The dry

oxi dation process is perfornmed 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 mannérl, the wet oxidation process and
dry oxidation process can - 7 JUN 2005 i - 41 be perforned alternately.
When the wet oxidation process and dry oxidation process are to. be

combi ned, thde msr nenrd fakrrmnal edly ¢ adBeris] {he WeheoXbdatiome zone. 5
Simlarly, the wet oxidation process and oxinitriding process, or the wet
oxi dation proddEesst PR Hatq b dl He sRTOGRS oXf fi §¢ i BF ngepPbeeds can be
per formed continuousl | at ter, cas the wet, oxidation process is

. Inth e,
performed firdtSH tn?‘?‘%ﬁaev%? YRR 05 HEE HP ReXSTmb oot e nS2Re +&38ti on

tube 21. Then, th interior of the reaction tube 21 is purged with, e.g.,
ni trogen gas. “fie dry oxidation process is performed. The interior of the

eact 1 on fuoe 21 SHLETP Beh WAL of Gy T ERRER; o500t 1o 1, e
oxi dation proc8ssitriding 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.qg.,
nitrogen gas. The dry oxidation process is performed.
The interior of the reaction tube 21 is then purged
with, e.qg., nitrbgen gas. Finally, the oxinitriding
15 process 1s 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 (CyH2Cly), 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



“or gettering process, in place of the hydrogen chloride gas, other
conmpound gases contai ni ng hydrogen and chl oride, e.g., dichloroetRylénengas
(C2KR2C12), can be 20 used. As the breathing resistance nenber 62 to be
provided to the heating unit 13, in place of that of this enbodinent, one
having the follow ng structure can be used. Nanely, a plurality of
breathing plates with a |arge nunber of breathing holes are arrayed in the
25 breathing direction so as to stand’in%e way of the flow channel. The
second gas supply pipe 42 can forma double - 7 JUN 2005 i 42 pipe at the
downstream portion of the heating chanber 61. In this case, an outer pipe
is present bétiiEerl HdatdygpHeream P Tthicon merthpye peeahio@igh which the
gas flows. The inner pipe does not conme into 5 contact with the atnosphere.
Hence, the amSURMRST tdat it SSipat@F Dy dahe® Wedf IR obesRr a8 Es t he

process gas flaows thrqugh the inner pipe decreases., The process as can
be i ntroduced AF1aR 1 %naﬁﬁﬁfﬁ¥ﬁﬁﬁ?ygﬁfp%h%a%n%@ﬁ|Qﬁ?% ?gr%%%? %Engated

by heating. 1Q An orjfi tion where the pipe dianeter . d
Sharply) ey B8 GHifbd G he  QELCHI Yad  RUpHTSE fide G0 betiben the

heat ingquni t 13, and. ¢ gach] Q. tuhe 24 The arLflee CaUSEs &, presshig,| oss.

Even it ~ a pressure-reduci ng process is perforned € process

chanber, the dewr&6e Hfe PREFSWE KEIUCE A8 NGas 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 is 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.



“heating chanber 61 becones snmall. In this case, in the pressure-reducing
process as well, the degree with which convection in the heating <thafii2005
.61 is interfered with is small. Also, the partial pressure 20 of the
process gas in the heating chanber 61 increases. Therefore, heat
conduction due to convection of the process gas in the heating chanber 61
tends to occur nore easily than in a case wherein no orifice is forned.
Thus, the process gas can be sufficieﬁtlﬂ3 25 heated to a predeterm ned
tenperature. - 7 JUN 2005 - 43 [Experinment] (Dry Oxidation Process)

Experi nments were perfornmed under the process conditions described in (Dry
Oxi dati on Prod&®erdfarid 5 enbodi nent descri bed above. An experi nent

according to the enbadi nent of the present invention was perforned as
fol l ows. A dryP&w @it ioddsC8ssy perfornmed while heating the process

gas with the heating unit 13 by turni on, the heater 63 of the heating
It "13). 10 The: proriel ieihs R ST HAR WaeT oh K599 m wi thoa
t hi ckness of 10 nmwas forned..,As, a conparative ., .exanpl e dry. oxj dation
process was pgro%ﬁ%c? rif’ncfi(;erscﬂlt?eeds arne rroycgés}%lcgaotnld? 1 ir?(;rn%deesisc)ep £ tﬁg t he
process -gas t r.ni of f ;ﬂﬁ%t eating
uni t 13)5. FI C%%%?%ggnﬁgﬁgéf%rcéﬁgbreta&;h%d;%ow nAgI{t I ntnggrri@g‘?(gén%%%%%?m ty
and planar unifhQr Brdghq iRIREDH U8ld/ 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. In 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



- as experinental results obtained when the dry oxidation process is
performed by using the heat-treating 20 apparatus shown in FIG t.7 VHN F065.
_7A, ;the axis of abscissa represents the average inter-planar unifornmty
of the thickness, and the axis of ordinate represents whether heating is
performed. In FIG 7B, the axis of abscissa represents the average pl anar
uniformty of 25 the thlckness and the axis of ordinate represents the
positions of the wafers Won the wafer bddt 3. In FIGS. 7A and 7B, the

hat ched col ums show cases with - 7 JUN 2005 - 44 the process gas being
heat ed, and the non-hatched colums show cases wth the process gas being
not heated. The pradess tdes ibgtiorg gleat@d umidriie ynamdhptebed 5
uniformty of the thickness, the higher the wuniformties. As shown in FIG
7A, when the SIOdeEESs uy \@RSefeatiddl the RERFLYR 93¢ eHrana®t uniformity
was snmaller than in a case wherein the process gas was not heat ed.
Nanmely, it wad'e@dd r med that when the process 10 gas was heated by the

heat i it 13, th t f 't i d. i

B G 78, when the BrocEt ﬁ%ﬁ‘“@%% ke € %%{aﬁ'ﬁ?niag@¥$¥§x 3%t RbstiBper

si de, mddlesd | owe ofthewaf t, 3 th I

ulnl form ty WasI g%}ﬁﬁng?t&{ hat; qﬁ‘h t C_L]%n THYe %ere?%h?%e prgcg\slgrggg \R/agnﬁ(r)t

heated. Nanely, ffsm\’fﬁ SONT i JTed, § W&’?‘tl i  Den Prioc&s Seg@sp Mes.bgat ed by
e y was

t he heating Ul’llnt pl anar Ui Torm t
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. BAn 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



“inproved. (xinitriding Process) 20 Experinents were perfornmed under the

itions described in (Oxinitriding Process) of the &nfodHiN it
~descri bed above. An experinment according to the enbodi nent of the present
i nvention was perforned as follows. An oxinitriding process was perforned
ing the process gas with the heating unit 13 (by turning on

process cond

25 whil e heat
t he heater 63
reaction tube
reacti on tube
13 was set to

to 5 slm The tor &S .5 TheePwaserssPielSUASNilly dden reasitdioni fgbs 131con

of the heating unit 13). The process tenperature in the

21 was set - 45 to 800C. TRe process pressure in the
21 was set to 93.1 kPa. The tenperature of the heating

unit

1,000C.. The flow rate of the dinitrogen nonoxi de gas was set

oxide filmwth a thickness of 2.5 nmwas formed. As a _ caonparative

exanpl e, an oxiaf 59ty St dcdF was' PR TR TR L tHeE et bcess

conditions ex
10 heater
the experine
per fornmed by

represents de

e fil'm an e ax I nat

p

t that th t ted (b i ff th
S St e Ptk DO as A LIRH 588 £ aEhe “showi g
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comparative example, an oxinitriding process was
performed under the same process conditions except that
the process gas was not heated (by turning off the
heater 63 of the heating unit 13).

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

(Diluted Wet Oxidation Process)
Experiments were performed under the process

conditions described in (Diluted Wet Oxidation Process)



- nmonoxi de gas was heated, the nitrogen concentration in 20 the fLyp1&@§aE
greatly larger than in a case wherein the process gas was not heated.
Narnely, it was confirned that when the dinitrogen nonoxi de gas was heated
by tHe heating unit 13, a silicon oxide filmcontaining a high
concentration of nitrogen was formed. 25 (Diluted Wet Oxidation Process)
Experinents were perfornmed under the process conditions described in
(Diluted Wet Oxidation Process) - 7 JUN 2f05 = 46 of the enbodi nent

descri bed above. An experinment according to the enbodi nent of the present
invention was perfornmed as follows. A diluted wet oxidation process was
performed whi |&t Hew | egPehineint rdeear aed 5ahpva. t hdnhedpehgmentt 13 (by
turning on the heater 63 of the heating unit 13). The process was
performed w tHRRTF LAt FhgthiheeRe@indoht 08, thesPresent oknentiphmwith a
t hi ckness of 6 nm was_f orned. conparatiye exanple, a, diluted wet

oxi dati on proc&s3 p%fﬁ%%%g%e??gf%ﬁﬁoﬁﬁderAtﬂélEEﬁ%ng?Bc%§éd€Bh8Ptions
except that thg nitro enﬁ?asfmas got h atﬁd g§¥ tgéning off the heater 63
of the heatindjdﬁ??siégas T IO ARt Kph S AbW AgT AR BEPEPPRBNEAF resul t

obtal ned, hon' g 9,46 0! ded o0 PLG 05 B 13, PELLOLBRUBYcysing L he

heat -treati ng apparatus shown e axis o sci ssa

PR s P IR hpenater < WOrelDecve! eksbptcoman (1
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. In 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 (%) 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



"FIG 9, (0) indicates cases with the nitrogen gas being 20 heatedh7aggmgﬁ%

i ndicates cases with the nitrogen gas being not heated. As shown i'n

.9, when the nitrogen gas was heated, at any position on the upper side,

m ddl'e side, or lower side of the wafer boat 3, the average planar 25

uniformty was smaller than in the case wherein the process gas was not

heated. Nanely, it was confirmed that when the nitrogen gas was heated by

the heating - 7 JUN 2005 47 wunit 13, thé'planar uniformty of the

t hi ckness was inproved. The present invention is not limted to the above

enbodi nents. \Wen practicing the present invention, it 5 can be nodified

in various marters it HER Rieeat iy foum tY so5pihre t thhgkrespewaThe

enbodi ments nay be practiced in appropriate conbinations as nuch as

possible. In tHRFXERD, a combined effect can be obtained. - 7 JUN 2005 48

CLAIM5 1. A heat-tr atgﬁg qggaratus for a,seniconuc or, . 5 ghoce S,

conprising: a proceSss dManbErt whi B et nddar st a0t EFget© S0BsEPAVE: a

fgfgg{tsggg?fge[ng&&%énstsdj SRSEY P e PRYCEsS o ehalbeT; Ahd BYBROT LR the
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.



- 10 a heater which heats the target substrate accommodated in the_grﬂgﬁggg
chanber; an exhaust systemto evacuate an interior of the process‘c ;
~and a supply systemto supply a process gas into the 15 process chanber,
wherein the supply system conprises a conbustor which is disposed outside
the process chanber and has a combustiqg chanber, the conbustor serving
to generate water vapor by reaction of hydrogen 20 gas and oxygen gas in
t he conbustion chanber and supply the water vapor to the process chanber,
a heating unit which is disposed outside the process chanber and has a
heati ng chanber, the heating unit serviqg to selectively heat a gas not
passi ng through the 25 conbustion c to a tenperature not |ower than
an - 7 JUN 2005 49 activating tenperature of the gas and supply the gas to
the process chanber, and a gas distributor which selectively supplies
hydr ogen gas and oxygen gas to the conbustion chanber and 5 selectively
supplies a reactivel gas e+ theed t ey gaspdvathdhefbeat i sgntbanthectowher ei n
t he heating chanber is nmade of quartz, and a heating nenber is disposed to

surround t beat s NcokParberq: the heating nenber conprising a heating
resistor 10 containing a snal? mount of netal inpurities and an insulating

seal ing body for SQ§J§fgbé§§ OethOP RSESt Qfcommodates a target

substrate;
a support member which is disposed in the process
chamber and supports the target substrate;
10 a heater which heats the target substrate
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
15 process chamber,
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
20 gas and oxygen gas in the combustion chamber and supply the
water vapor 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 a gas not passing through the

25 combustion chamber to a temperature not lower than an




© 2. An apparatus according to claim1, further conprising a contrqj%S@Nm@hfh
controls the conbustor, the heating unit, and the gas distributor a o]
~use the 15 conmbustor and the heating unit selectively. 3. An apparatus
according to claim1l1l, wherein the gas distributor supplies an inactive gas
to the process chanber through the conbystion chanber, so as to prevent
the water vapor fromentering the heating chanber when the 20 water vapor
is supplied fromthe conbustor to the process  chanber. 4. An apparatus

accordi ng t¥FEHRARE CRAREERRUFRECT WXt 199§ @Rt SHRREY 58S PASt he RE&ti ng
chanber to 300Cto 1, 100C. -7 JUN 2005 50 5. An apparatus according to
claimi1, whiere¢@sshehpsherngandit has a breathing resistance nenber which
is disposed in and heated by the heating chanber. 6. An apparatus
according to clai m&,gahedesnrilvetob bheahhsagecksvelmnsepniember conpri ses
a |large nunber of pieces substantially nmade of a material selected from
the group genSdddn REGsObnguakyZemnghcabarhe sotieidtalcs chamBsrappar at us
according to claim1l1l, wherein the gas distributor supplies, as the

reactive g@elgétgbéipgsu%@ge@ aOXbAEE L 8i §PsJasd @ndcaieengaundcgas
cont ai ni ng hydrogen and chloride selectively. 8. An apparatus according to

claiml, whereipn.t §ngggﬁagﬁé£ributor supplies nitrogen gas as the inactive
gas. 9. An apparatus”according to claim1, wherein the

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

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

2. An apparatus according to claim 1, further
comprising a controller which controls the combustor, the
heating unit, and the gas distributor so as to use the

15 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 prevent
the water vapor from entering the heating chamber when the

20 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 to

1, 100°C.



- 15 supply system conprises a conmon inlet pipe connected to the.py ggﬁsmg,
chanber, the conbustion chanber and heating chanber being connected to the
~conmon inlet pipe. 10. An apparatus according to claiml1l, wherein the
heating resistor is made of a string-like body fornmed by 20 knitting a
hi gh-purity carbon material. 11. An appq&atus according to claim1, wherein
the sealing body is substantially nmade ot a naterial selected fromthe
group consisting of quartz and ceramic materials. 12. An apparatus
according to claimi; MeRPBPATaZYSt RECOTSHANT tRerbe? 1B uppoth8TpANt fBe
process chanber a - 7 JUN 2005 5 51 plurality of target substrates at gaps
in a verticatat@ngeenibnhas3a hrpedbingeneshgtarchodetber awséahcbaduct or
process, conprising the steps of: acconmobdating a target substrate in a
process chadbsposhéatnngntiheebdrgetbys thst hatae iacr erodstred i n the process
chanber, performng a wet oxidation process of oxidizing the 10 target

substrate to form ap, oxhdepbhranthy supRindingy wad eflaMap®; kRetBenprBeess
chanber whil e nmaki ng hydrogen gas react wi th oxygen gas by a comnbustor

whi ch i s di]éPQ§‘§HiH%'F§Eg§stéﬂéepﬁ9ﬁ8§§ ebapbeseand hasge foRBUStLeN
chanber, and subjecfing the target substrate to a flrs? process 15 ot her

than a wet 8%&98EiQHbBE88€§§19¥ fYRR! ¥ENg A EERELEVEelected fromthe

group consisting of quartz and ceramic materials.

7. An apparatus according to claim 1, wherein the

gas distributor supplies, as the reactive gas, oxidizing
10 gas, oxinitriding gas, and a compound gas containing
hydrogen and chloride selectively.

8. An apparatus according to claim 1, wherein the
gas distributor supplies nitrogen gas as the inactive gas.

9. An apparatus according to claim 1, wherein the

15 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 resistor is made of a string-like body formed by

20 knitting a high-purity carbon material.

11. An apparatus according to claim 1, wherein
the sealing body is substantially made of a material selected
from the group consisting of quartz and ceramic materials.

12. An apparatus according to claim 1, wherein

25 the support member supports in the process chamber a



" gas to the process chanber while heating the reactive gas to a tenperature
not |ess than an activating tenperature of the reactive gas by a7h@H{ﬁ“@
unit which is disposed outside the process chanber and has a heating
chanmber, 20 wherein in the wet oxidation process, an inactive gas is
supplied to the process chanmber through fhe heating chanmber, so as to
prevent water vapor fromentering the heating chanber when the water vapor
is to be supplied fromthe conbustor to the process chanber, - 7 JUN 2005
52 14. A d%f%%%ﬂ%ﬁ%xﬂ@ﬁqﬁfQQS EPRPRF25eS \iHerEiRF tHe 3 ¥5EELGRL gas cont ai ns
an oxidi zing gas and a conpound gas containing hydrogen and chloride, and
the first pAbEesElPB.a dry oxidation process of formng an oxide filmby 5
oxidizing the target substrate. 15. A nethod according to claim 13, wherein
the reactive gas cbhtaRnbean-oxieditZingg rgdshahdf @r conpeiwhdogdsctoont ai ni ng
hydrogen and chloride, and the first process is a gettering process of
renovi ng a pebaeséfosvApsusiagethé stOpkheftarget substrate. 16. A met hod
according to claim 13, wherein the reactive gas contains oxinitriding gas,

and the §irst procgssomsodlt Oxbnht thdheg puvsesstef ihoanppecaski trogen-
containing oxide filmby oxinitriding the target substrate. 15 17. A nethod

accordi ng t8h§ﬁ?&9¥13’ wherein the wet oxidation process and the first
process are perforned alternately. 18. A nethod according to claim 13,

wherein the heating the target substrate accommodated in the

process chamber,
performing a wet oxidation process of oxidizing the

10 target substrate to form an oxide film by supplying water
vapor to the process chamber while making 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

15 other than a wet oxidation process by supplying a 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,

20 wherein in the wet oxidation process, an inactive
gas 1s 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.




- wet oxidation process and the first process are performed 20 substantially
si mul taneously. 19. The apparatus according to claim1, wherein-a& Jdbaling
~menber is disposed in addition to the heating nmenber around the heating
unit, so that tenperature of the heating chanber is controlled by neans of
interaction between the 25 heating chanbgr and the cooling nmenber. 7 JUN
2005 53 20. The apparatus according to ¢Claim1l, wherein an orifice is

di sposed in a pipe through which gas heated by . the heating unit is
supplied to the protéss®chanber. aEorfi& Agparadtais® abtordhbagets &h&im 1
wherein a 5 pipe through which gas heated by the heating unit is supplied
to the procESaCiehisds CONLaERE DO HEEBPedIps palid shFFROUNAedded by t he
heating unit flows through an inner pipe of the double-pipe. 22. The

met hod accocdnbgininglhaidnod@n fodt belorille,cemor thenfinsstmpodsperdoanm ng a
di luted wet oxidation process of oxidizing the target substrate to form an
oxide fil miby supphyibg wabees¥apar fbemihg phoogssiecamienywhil e maki ng
hydrogen gas react with oxygen gas to generate the water vapor by the

conbust oy, aRdysUPRLYLAG RhthREeR.8as rheethe 15 process chanber while
heating the nitrogen gas by the heating wunit.

15. A method according to claim 13, wherein the
reactive gas contains an oxidizing gas and a compound gas
containing hydrogen and chloride, and the first process is
a gettering process of removing a metal from a surface of

10 the target substrate.

16. A method according to claim 13, wherein the
reactive gas contains oxinitriding gas, and the first
process 1s an oxinitriding process of forming a nitrogen-
containing oxide film by oxinitriding the target substrate.

15 17. A method according to claim 13, wherein the
wet oxidation process and the first process are performed
alternately.

18. A method according to claim 13, wherein the
wet oxidation process and the first process are performed

20 substantially simultaneously.

19. The apparatus according to claim 1, wherein a
cooling member is disposed in addition to the heating member
around the heating unit, so that temperature of the heating
chamber is controlled by means of interaction between the

25 heating chamber and the cooling member.
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20. The apparatus according to claim 1, wherein an
orifice is disposed in a pipe through which gas heated by
the heating unit is supplied to the process chamber.

21. The apparatus according to claim 1, wherein a
pipe through which gas heated by the heating unit is supplied
to the process chamber is formed of a double-pipe, and gas
heated by the heating unit flows through an inner pipe of the
double-pipe.

22. The method according to claim 13, further
comprising a step of performing a diluted wet oxidation
process of oxidizing the target substrate to form an oxide
film by supplying water vapor to the process chamber while
making hydrogen gas react with oxygen gas to generate the
water vapor by the combustor, and supplying nitrogen gas to the
process chamber while heating the nitrogen gas by the heating

unit.



