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OF THE INVENTION 5 1. Field of the Invention The present i L at es
to a rotation type silicon wafer cleaning device to be used with

sem conductor fabrication equi prrent and the like, and nore particularly to

a rotation type silicon %t%r f}’ %2?“'8‘% %ﬁ%ﬁ&f i 'Lﬁ%qugﬂﬁ%ﬁtbl e substanti al

qual ity inprovenents |n he pr outer surface of
the silicon wafer through the inproved hydrogen treatnment of the outer
surface of the silicon wafer through the drying process after cleaning is
conpleted. 2. Background of the Invention 15 The fabrication of

sem conduct &A @K@&Ub’fb%e’mﬁllblvﬁhhﬂ@\lwth a cleaning treatment of a
silicon wafer, and then various treatments such as the formation of a SiO
filmandthd. | ikeFigid ohtheslinivention waf er are applied after the cleaning
treatnment. For cleaning treatnent for silicon wafers, the so-called

rotation type 20 ’$héitpwem/%ﬁ\ﬂa"nti@h%lﬁté‘gtdj@%tﬁﬁoh?p@@ﬁ@o@%@l"deaiﬂﬁ@ oyed,
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inthat a silicon wa pl aced on the rotation c installed inside the
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rotating at the hi hse ) Owthe outer surface of a siljcon wafer treated
for cl eani neO%HRIA Sﬂ’%@“@quw impryemends 81 tenipdugisdly slshiliging thgal

rotation type silicon wafer cleaning device, Si on
10  outer surface of the silicon wafer through the improved hydrogen freatment of

the outer surface of the silicon wafer through the drying process after cleaning

is completed.

2. Background of the Invention

15 The fabrication of semiconductor elements generally starts with a
cleaning treatmeﬁf of a silicon wafer, and then various treatments such as the
formation of a SiO film and the like on the silicon wafer are applied after the
cleaning treatment.

For cleaning treatment for silicon wafers, the so-called rotation type
20  silicon wafer cleaning device has been broadly employed, in that a silicon wafer
placed on the rotation disc installed inside the device body is rotated at high
speed (approximately 2000 RPM), and chemical cleaning agents such as
hydrofluoric acid and the like are dispersed thereon. After the acid cleaning
treatment, a cleaning treatment with pure water is added, and lastly the silicon
25  wafer is dried while rotating at the high speed.

On the outer surface of a silicon wafer treated for cleaning with the



the so-called surface |layer is exposed and hydrogen atons are bqndgg gvith
the exposed Si atons, thus putting the outer surface in al '

wherein the so- called hydrogen termination treatnment has been perforned.
The aimis tafom-gsndipned canyentional miatior hweriiconuwater €leaning devicepat @ at ons
and the like deposited directly onto Si. As the result, it has been said

t hat there whtlsonmiledonciacetitgerde ezpdéatiand hydedgeoxatdats ae omdedeviduttteace

| ayer even when it is left in the air over a long period of time. 10
However, evespwbéd S atdhb Cthls Wakify theanltedslificecinebomditivh Whetdingh&isod of
rotation type silicon wafer cleaning device, it is observed that an oxide
filmis na I apectel d ] I ot t4 Me after
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SUMVARY OF THE | NVENTI ON Ohi ect of the Invention 20 Jt. is an oblilec of the
present i nvEPPsited dirpethiorte Si. r‘“@ttgﬁirﬁﬁukt-y‘b@a%pP?’E@ﬁ'&/\E‘%Fher@I"E APhg devi ce
to overcone the afore-nentioned difficulties with this kind of _
convent i onalcewr thei smcallgsenatural exidatioham tessinfang lapen @een whan itiig lefhifien t he
natural formation of an oxide filmis made on the outer surface of an wafer
with a | apsee afr dviera,lof pefi@d@tih@n can not be effectively prevent or

del ayed. 25 Enhanced stabilization of the outer surface after a cleaning
treatnment is 2 19 April, 2006 perfornmed by neans of providing the
conventional rotation type wafer cleaning device with a novel wafer drying
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rotation type silli
rotation type silicon wafer cleaning device, it is observed that an oxide film is
naturally formed on the outer surface with the lapse of time after a cleaning is
performed. This makes it difficult to prevent the natural formation of the afore-

mentioned oxide film no matter how weli environmental conditions are

15 presented for the maintenance of the wafer.

SUMMARY OF THE INVENTION

Obiject of the Invention

20 It is an object of the present invention to provide a rotation type silicon wafer
cleaning device to overcome the afore-mentioned difficulties with this kind of
conventional rotation type silicon wafer cleaning device, that is, when the
natural formation of an oxide film is made on the outer surface of an wafer with
a lapse of time, the formation can not be effectively prevent or delayed.

25 Enhanced stabilization of the outer surface after a cleaning treatment is




device, it was assuned that hydrogen atons were bonded mﬁtg gi ﬁtggﬁﬁon t he
exposed wafer through the drying process, thus ensuring st t he

silicon wafer after a cleaning treatment by achieving the so-called
hydr ogen t epaifoanéd by oneard of previgingathensonyventibealgotationdype weadeiofleamagwar er .
10 However, inventors of the present invention have discerned that either

t he i nconpl gédcé Wit ABbYelalafehaniiygitiegies. term nation of Si on the afore-
menti oned outer surface or the partial nottle of the hydrogen term nation

woul d cause relatively low stability of the outer surface of the wafer
treated with the conventional rotation type wafer cleaning device, and
reached an'b p oly % i rmstability of Si on the outer surface is
enhanced by ogen termnation treatnent of Si on the

outer surface of the, wafer after pure.water, .cleaning is rforned in an
at mosphet e of i neffeV %%‘t?‘(tbﬁé?‘?%é@mi\%alﬁﬂ@QEt?Y%S'ﬁ?W prgffroﬁ%%f"gﬁnm udi ng
radi cal i zed hydrogen, thus increasing bonding of Si atons Wth H atons,
and t he nunde¥icefil wasassumed that hydsageamioma avarahaded Wil Skatomsan fidns
bonded with fluorine atons are reduced significantly. At the sane tine, a

rotation ty@ecsied waler abagh ¢hednjiimy prndssethuserisedng diakilityod dhe silicenbody
the said idea, and a nunber of stabilization tests have been conducted on

the wafers \ﬁé}%@%@rQ%Q{ih%ﬂeﬁ&m@nﬁwwﬁéwﬁg-thé'f%@-@i!léﬂfrﬂrﬂrégbfﬂnt i on has

been a creation based on the afore- 25 nentioned ideas and tests. 3 19

April, ZOOth'fig@:fféﬁrcﬁ/%gtﬁeﬁilaatgh{s%n ﬁ%?@&t%r QlirfLO€ of fheBRLfepn there is

provided a ro I'’con wa cl'eani ng equi pnent which is
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¢l eani ng Withg ir?(lzjorn?pi\g?et tertraétn?grwo??hg h)s(ciill'oig%%nte\r,\ne{neartion of Si on the afore-
mentioned outer surface or the partial mottle of the hydrogen termination would
cause relatively low stability of the outer surface of the wafer treated with the
conventional rotation type wafer cleaning device, and reached an idea that long-
15 term stability of Si on the outer surface is enhanced by means that the hydrogen
termination treatment of Si on the outer surface of the wafer after pure water
cleaning is performed in an atmosphere of inert gas(es) (such as N2) unreactive
to hydrogen, including radicalized hydrogen, thus increasing bonding of Si
atoms with H atoms, and the number of uncombined Si atoms and the number
20  of Silicon atoms bonded with fluorine atoms are reduced significantly. At the
same time, a rotation type silicon wafer cleaning device has been developed to
embody the said idea, and a number of stabilization tests have been conducted
on the wafers cleaned and dried with the device.

The present invention has been a creation based on the afore-

25 mentioned ideas and tests.



5 drying device (1) conprising a gas supply panel (5) attached to t
ﬁlﬂ@-ﬁ?—iggﬂ'a&i%as

af ore- nentioned case body (2) to supply a m xed gas of th
and inert gas containing nore than 0.05%/l of the hydrogen, a m xed gas
supply pipe (A) coupled with a gas m xer (14) of the afore-nentioned gas
supply panel (5) at one end, a m xed gas heating device (B) to heat the
m xed gas in the afore-nentioned 10 m xed gz_aa_supply pi pe (A), and a
hydrogen radi cal formation apparatus (C) equipped with a platinum coating
filmto form hydrogen radical at the gas contacting part whereto a high
tenperature gas hea egwgith thﬁ afore-nmentioned m xed gas heating device

(B) touches, thus tOCERIEHNGIG fired agprelpfdae inventian therg is pyenided a retatiopdype
formed with thgy | I cal,f ' tl onto the
rotating sili c%lr:%v\r/g?@; (igéﬁwgﬁ{‘?’ﬂi&@%’i{ﬁ'ﬁ nf%sljiog'acegrrp' e?esyﬁ)s?éq%’%%? drying
and hydrogen suppuriietation divdiag mesthanism (Pensiderecagenbodie () foecleaningahe of
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direction of the periphery of ‘circle coupling prpe (10)
coupl ed to thdneptinne edfodyhid) sastipplyra inbedd gasipl thechydrpgen a3 aaddnert gas

The’af or e- nent UG pRRCtAn 0,054 B ithichpdemd FETBes SubBY SHEA) | he
vertical coupbupdnviteagas mixer (f4)6THRE %f&@%éﬁmwsﬁ?ﬁbgﬁ@?gﬁgﬁ gsg%t one

rotate it to the positive and reverse directions. 2

enbodi ment , a ©Bfeathhixed gaatheating slexidecfB)de haabthermixedigas inthgedorgamestipned
T s M5 Ree LAE ThibE L S ARy tef eal Pl AT ARGk 1o
devi ce B. Accequippediwithea platipunfsostnig filln t P iRaregen PAEGAI Atthé Base i s
provided a 30 rotation type silicon wafer cleaning equiprment which is
provi ded wi t hC@N@riing part Whareto a higiviemperature msmaa&ed]giitgdba@fowsﬂoned
Inside a casepfeiygdLhedttly G5REE (BPtouches, thus to gush out the mixed gas containing
hydrogen radical formed with the afore-mentioned radicat formation apparatus (C)
15 onto the rotating silicon wafer (4) after the clean'ing is completed so that drying and
hydrogen termination treatments are performed on the outer surface of the silicon
wafer (4), wherein the mixed gas supply pipe (A) is formed with a vertical coupling
pipe (7) so supported by the case body (2) as to be traveling-free upward and
downward and also rotation-free to the direction of the periphery of circle, and a
20 lateral coupling pipe (10) coupled to the other end of the said vertical coupling pipe
(7) and supported horizontally and a lift/rotation driving mechanism (8) supports

the afore-mentioned vertical coupling pipe (7) and is operated to move the vertical

coupling pipe (7) in the upward and downward directions and rotate it to the
positive and reverse directions.

25 In a preferred embodiment, a sheathed heater installed at a part in the
mixed gas supply pipe A is used as the mixed gas heating device B, thus enabling
to heat the mixed gas to more than 150°C by employing the said mixed gas heat -
device B.

Accprding to another aspect of the present invention there is provided a

30 rotation type silicon wafer cleaning equipment which is provided with a silicon

wafer support/rotation driving mechanism (3) inside a case body (2) for cleariing




19 April, 2006 -5 the silicon wafer at the post chem cal c ni PN 'Bh pure
wat er, having a silicon wafer drying device (1) conprisi ply
panel (5) attached to the afore- nentioned case body (2) to supply a m xed
gas of the hydrogen gas and inert gas containing nore than 0.05%/l of the
hydrogen, a m xed gas supply pipe (A 5 coupled with a gas m xer (14) of
the afore-nentioned gas supply panel (5) at.pne end, a mxed gas heating
device (B) to heat the m xed gas in the afore-nentioned m xed gas supply

pipe (A), and a hydrogen radical formation apparatus (C) equipped with a
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hydrogen termination treatments are performed on the outer surface of the silicon
wafer (4), wherein a hydrogen radical formation/dispersion apparatus (11)

15 equipped with a platinum coating filter fitted to the front end of the mixed gas
supply pipe (A) is applied for the hydrogen radical formation apparatus (C).
Preferably, according to either aspect of the invention, the mixing ratio of
the hydrogen gas is made to be 0.05Vol% - 5.0Vol%.
In one embodiment, the vertical coupling pipe 7 comprises a coupling body
20 15 and a sheathed heater 16 inserted and fitted therein and is provided with a
vertical coupling pipe 9 which allows a mixed gas to run through the space
between the inside wall face of the afore-mentioned coupling pipe 15 and the
outside wall face of the sheathed heater 16 to be heated with the sheathed heater.
According to one embodiment, a heater-mounted lateral coupling pipe 10
25 comprises a stainless-steel-made outer pipe 17, an inner pipe 19 wherein a spacer
18 is installed for its being fixed to aliow the mixed gas to run through, a micro
sheathed heater 20 wound around the outer perimeter of the inner pipe, and an
aluminum-foil-made cover 21 covering the outer perimeter of the outer pipe 19
around which the micro sheathed heater 20 is wound.
30 In another embodiment the lift/rotation driving mechanism 8 for the vertical
~ coupling pipe 7 lowers the vertical coupling pipe 7 so that the hydrogen radical



18 is installed for its being fixed to allow the m xed gas_to run through,
a micro sheathed heater 20 wound around the outer perinmet a2 April, ;2006 e
pi pe, and an alum numfoil-made cover 21 covering the outer perineter of
the outer pipe 19 around which the mcro sheathed heater 20 is wound. 30
I n anot her enbodi nent the lift/rotation driving nechanism8 for the
vertical coupling pipe 7 |lowers the vertical coupling pipe 7 so that the
hydrogen radical 19 April, 2006 -6 fornatioﬁﬁdispersion apparatus 11 is
mai nt ai ned and settled at a place whereat the spacing between the | ower
surface of a platinumgcoated filter 26 and the upper surface of the

a
silicon wafer t‘?”ﬁ"@@PH Ispession apparatus 110s meisiained andseftiedata paee wheseat the
enbodi nent the
Fadi cal for mt o CarecrtMebaklLfitacy BFa pRlun oateq ek 28 ARt E3RRer, |
anot her enbodi swiface dfcthe\silicogevafendifacihg tios filké witl/bd eﬁmmi-o:an'appar at us 11
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10 horizont gl Itnetydrdifon RIMRsal tﬁn?’d?a@érsf&hea 8fusPPels rdinfdlied ar 188°¢

plurality . of goﬂs] perrreatlng o | ces aro e outer perineter,
short cylinder3 @ped filter Flange 24 wel ded onto the | ower end surface

of the upper body on _t.he | ower

d fi
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THE DRAW NGS Flgure 1is a front view of a wafer cleaning device

i | lustrating #Het epgiag %ﬁtatéheéeuﬁrﬁ@fawpualee\nfaileaafaﬂea:tﬂ\ganlateﬁﬁ imstgjllade 2 i s
a right sige WoRvbdthiy bHYhE Idwer face side of the upper body 23 and having a plurality of

gas permeating orifices 25a around the outer perimeter, a short cylinder-shaped
filter Flange 24 welded onto the lower end surface of the upper body 23, and a
platinum coated filter 26 fixed on the lower face side of the filter flange 24 forming
a platinum layer on the porous disc made of a stainless-steel-sintered material.
15 - ’

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front view of a wafer cleaning device illustrating an
embodiment according to the present invention.

Figure 2 is a right side view of Figure 1.

20 Figure 3 is a schematic illustration taken on line A-A in Figure 2.
Figure 4 is a schematic sectional illustration taken on line BgB in Figure 2.



20 Figure 3 is a schematic illustration taken on line A-A jn Figu 0%
Figure 4 is a schematic sectional illustration taken on |i 2 gure
2. 19 April, 2006 Figure 5is a dia ramlllustratlng a conposjtion of a
gas supply panel . "'Qtﬁr@@riéaﬁj'ﬁgraénﬂ@ﬁgﬂﬁmé%%EW%WH] | 9 a8 SHRPIYRAN- a
heater-nounted vertical coupling pipe. Figure 7 is a schematic sectional
illustration of aFlgeae 6ris maoheswticatestiahal iBusgicafioin ofp beater-nRuiee 8 is a
characteristic curve displaying the relation of a tenperature and a
reaction ravenical cédptinggassi on of hydrogen activated by the platinum
catal ysis and oxygen. Figure 9 is a characteristic curve of the infrared

absorption of Si-Figfe ¥Qs b%héhidti%%cﬂ@ﬁﬁlﬁnuéﬁmﬁinaéf% NMeabF-Riouht&dy (Hteasn

termnation treatnént is achieved accordi ng to t he pr esent i nvention. List

of Refere nc&)@q@tg g and Nurnerals 15 A M xed gas supply pipe B M xed gas
heati ng devi fé/ rogen radical formation apparatus 1 Sil i con wafer

dryi ng device 2 bgd [ suppojt/ratation dI’IVI mechani sm 3a
Support disc 3b (I%&EJHW gﬁgaﬁ?"@ﬁfé\aéﬁc”&gé RI@(JHQ\%\% Eladong suppl y panel
25 6 Flexible coupling pip
- temperature and a reactlon ratio at the reaction of hydrogen activated by the
platinum catalysis and oxygen.
Figure 9 is a characteristic curve of the infrared absorption of Si-H on
10 the

silicon wafer immediately after a hydrogen termination treatment is achieved

according to the present invention.

List of Reference Letters and Numerals

15 A Mixed gas supply pipe
B Mixed gas heating device
C Hydrogen radical formation apparatus
1  Silicon wafer drying device
2 Case body
20 3  Wafer support/rotation driving mechanism
3a Support disc
3b Rotation driving part
4  Silicon wafer
5 Gas supply panel

25 6 Flexible coupling pipe




7 19 April, 2006 7 Vertical coupling pipe 8 Lift/rotation (%rivi rlg 2m::chanism

9 Heater-nmounted vertical coupling pipe 10 Heater-nounted pling
pi pe 5 11 Hydrogen radical formation/dispersion apparatus 12a Pressure

regul ator 12b PréssWVediqhogeplingpip®hss fl ow controller 12d E1 | 2e Val ves
10 13a Pressure regulator 13b Pressure gauge 13c Mass flow controller

13d*13e Val ves 1@ Gagvistan divid® nfeuiidinishg pi pe body 15a Gas inlet opening
16b Gas outl et opening 15c Lead w re draggi ng-out opening 16 Sheat hed

"put 160 Lead for TheranpdeRertica (PubME PBY or ' bi pe 25 15 spacer
10 Heater-mounted lateral coupling pipe
5 11 Hydrogen radical formation/dispersion apparatus
12a Pressure regulator
12b Pressure gauge
12¢ Mass flow controller
12d012e Valves
10 13a Pressure regulator
13b Pressure gauge
13c Mass fiow controller
13d013e Valves
14 Gas mixer ,
15 15 Coupling pipe body
15a Gas inlet opening
16b Gas outlet opening
15¢ Lead wire dragging-out cpening
16 Sheathed heater
20 16a Heat generation part
16b Thermoelectric couple
16¢ Lead for input
16d Lead for thermoelectric couple
17 Outer pipe

25 - 18 Spacer



8 19 April, 2006 19 Inner pipe 20 Mcro sheathed heater 21 i

Al uni numfoil -nmade cover 22 Union joint 5 23 Upper body 2EhApriled0Q8s
inlet opening 24 Filter flange 25 Reflecting plate 25a Gas perneating
orifice 10 26 MPatlhnenpipeated filter DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The foll ow ng enbodi nents in accordance with the present invention are
descri bed hereupderMiard bhegthetadiwget 0 the drawi ngs. 15 Figure 1 is a front

view of a rotation type silicon wafer cleaning device illustrating an
enmbodi ment accopgli Wuﬁ%drﬁffoﬁfrﬁa?c?é‘éo@?ve”t ion. Figure 2 is a side view of
the device. Figure 3 1s a schematic sectional illustration taken on line A-

Ain Figure 2. Ekhoyra 4.1.5, a schematic illustration taken on line B-B in
Figure 2. It igttt)urggnﬁ% ted that any type of cleaning devices can be

enpl oyed as long.,as,it 20 is of a rotation type even though a so-called
singl e %afer g%eié‘m‘?é%&dé{ani ng device is described in the present

invention. Referring to Figures 1-4 inclusive, | designates a silicon wafer
drying device,238 ﬁ%ﬁ%ﬁa%ﬁd@,owmn@vaf er supporttrotation driving
mechanism 4 a silicon wafer, 5 a gas supply panel, 6 a flexible coupling
pi pe, 7 a verti24l Fitarflangg 25 pipe, 8 a lift/rotation driving nechanism 9
a heater-nounted vertical coupling 9

25 Reflecting plate

25a Gas permeating orifice

10 26 Platinum coated filter

DETAILED DESCRIPTION OF THE INVENTION
The following embodiments in accordance with the present invention
are described hereunder with reference to the drawings.
15 Figure 1 is a front view of a rotation type silicon wafer cleaning device
iliustrating an embodiment according to the present invention. Figure 2 is a side
view of the device. Figure 3 is a schematic sectional illustration taken on line A-
Ain Figure 2. Figure 4 is a schematic illustration taken on line B-B in Figure 2.
It is to be noted that any type of cleaning devices can be employed as long as it
20 is of a rotation type even though a so-called single wafer processing cleaning
device is described in the present invention.
Referring to Figures 1-4 inclusive, 1 designates a silicon wafer drying
device, 2 a case body, 3 a wafer support/rotation driving mechanism, 4 a silicon
wafer, 5 a gas supply panel, 6 a flexible coupling pipe, 7 a vertical coupling

25 pipe, 8 a lift/rotation driving mechanism, ¢ a heater-mounted vertical coupling



19 April, 2006 pipe, 10 a heater-nmounted | ateral coupling_pipe,. apnd 11 a
hydr ogen radi cal formation/dispersion apparatus. And, A dﬁéﬁﬂb@m xed
gas supply pipe conprising a flexible coupling pipe 6, a vertical coupling
pi pe 7, heat@pentliatheaterymounted latesaltauping pire, @ndal the aydiogepuadisal | at er al
coupling pipe 10 and the like, 5 B a m xed gas heating device installed on
a part of tHermatieddigpersiowpppamatuee And, AddsighatelydmpgringaasieEy pfper mat i on
apparatus installed on the down-stream side of the m xed gas heating

device B. Theni¥igy B8RkiHN8Oupb! ipE'®, BURAtEI 'cbﬁBmwd\@ff%f?’,q{e%@éH-rﬂguH@di ce
Is fornmed by arranging a silicon wafer drying device conprising a after

10 i i i , i xed:
10 rent oned S SHAPING BRRS hedto ST RIHPENRIRRR O o RS,
SRRt L 0 LR S 2l ch AR b b R

setting/renoving device (not illustrated) for the wafer 4; an automatic
carry-in/ caPng-Gathygseger radieal famnation appasatus)insialled e thadewnstreamet - spr ay
device (not illustrated) for chem cal cleaning agents such as hydrofluoric
aci d and t heide dfethe amixed gasrteatidg\device(Bot il lustrated) for cleaning water
such as pure water and the like; and the like in the case body 2. A

det ai | ed expl anat The afbreameatichied HIRESH ga_fp@tsﬂddw”\mdfeir\cimm@déﬁﬁém 3 20
conprising the afore-nentioned support disc 3a and a rotation driving part

3b, an aut %é&bfﬁﬁébgiglgrfgm&rﬂﬂiaﬁé% fglddvice bR r%gfb FfgAmt i C

carry-in/carry- o or the wafer, “a | et-sprayl device for

chem cal , cl s nt | et,-sprayi device for cl eani .such as
pure vk Aol B8R stpol pre 2 8 Rkl b Upbyo8s A e odChFsu)

di scl osed. 25 The afore-nentigned gas supply panel 5 installed and fixed on
the si de 10device B, a hydrogen radical formation apparatus C and the like; a

supportfrotation driving mechanism 3 for the wafer 4 comprising a support disc
3a, a rotation driving part 3b and the like; an automatic setting/removing device
(not illustrated) for the wafer 4; an automatic carry-in/carry-out device (not
15 illustrated) for the wafer 4; a jet-spray device (not illustrated) for chemical
cleaning agents such as hydrofluoric acid and the like; a jet-spray device (not
illustrated) for cleaning water such as pure water and the like; and the like in the
case body 2.
A detailed explanation of a wafer support/rotation driving mechanism 3
20 comprising the afore-mentioned support disc 3a and a rotation driving part 3b,
an automatic setting/removing device for a wafer,-and automatic carry-in/carry-
out device for the wafer, a jet-spraying device for chemical cleaning agents, a
jet-spraying device for cleaning water such as pure water and the like is omitted
herewith because they are publicly disclosed.

25 The afore-mentioned gas supply panel 5 installed and fixed on the side

10



19 April, 2006 part inside a case body 2 supplies a m xed 8 S f

i nert gas with no reaction with hydrogen (such as. N2 gas-}—iﬂﬁ‘l&o@
illustrated in Figure 5 to a _hydrogen radical formatlon/dlspersmn

appar at us 1]P3c"h't”§lﬁfna sasge Redy aaﬁslppu@wymxsd aas/G @b aprineit ggs afth
after-nmentioned flexible coupling pipe 6, a vertical 5 coupling pipe 7, a
heat er - nountredchicer with dlydomgen {sngh misée @S)aambldt asHllustratextin Figueer Qito @oupl i ng
pipe 10 and the like. In the enbodi nent according to the present invention,

it is so coydidget edidddbmantdhgdiSperBion ARRehtus ANrédh & inkirediyas Rappkd

i nside the case body 2. However, there is no need to say that they can be

i nstal | ed owisd Aohiifishfy 538 Qﬂé’ﬁlm%ntlﬁ 4 PBiibld EoddiaPIRO8 Rekica cor di ng

to he present I nvent'i on,” heati1ng of ter-nentio gas Gis

performed a rat.e v I

coupl i nggpl %8%9” ai@i%% ﬁea?%@emné%&%gmé %@@ﬁgﬁﬁ%go gq%"g% 'ﬁéé}\}\feé?er It
Is al so pOSfI bI t hat heati erformed either at the forner

heat er - noun aéar &PHPYY PP ﬂ??'ﬁg r?ﬁ'ﬁ@ 9 or at the latter is heater-nounted
| ateral coupling P e 10. Furthernore, in the enbodi nent according to the
present inventi onin &e emRediment aﬁ@@ltdnnmtaj@ﬁ present ipventiared i9poheat er s
installed on a vertical coupling pipe 9 and a lateral coupling pipe 10.
However, t heofistrurdéed thatef gas siipmy pgas! 5 badtthadike ave housed msidecthefcasay t ype.
Al so, either an indirect or direct heating 20 nethod Gan be applied to heat

the m xed gBedyR. Fowarirethsre &Snd hbegtd Qb?%atﬁhgygaﬁ%eﬁnsﬁh@d outside the
af ore-nenti oned gas supply panel 5 is fornmed by a N2 supply fine

compr i sjgng gac 650Y'5° PRI 3h e Sodine B AGRHRCI8 ket Avatian.{| o

contr ol al ves e conpri Sing
Bnd vl ves RIS e el b s kaRd TiRE iéfnspene”ﬁﬁ%@ akgwo Sgparate o ler 13¢
places, that is, a heater-mounted vertical coupling pipe 9 and a heater-mounted
lateral coupling pipe‘l-O. However, it is also possible that heating is performed
either at the former heater-mounted vertical coupling pipe 9 or at the latter
15 heater-mounted lateral coupling pipe 10.

Furthermore, in the embodiment according to the present invention, a
mixed gas heating device B is formed by heaters installed on a vertical coupling
pipe 9 and a lateral coupling pipe 10. However, the formation of a mixed gas
heating device B can be of any type. Also, either an indirect or direct heating

20 method can be applied to heat the mixed gas G.

Concretely, as illustrated in Figure 5, the afore-mentioned gas supply
panel § is formed by a N2 supply line comprising a pressure reguiator 12a, a
pressure gauge 12b, a mass flow controller12c and valves 12d and 12e; a Hz2
supply line comprising a pressure regulator 13a, a pressure gauge 13b, a mass

25 flow controller 13c and valves 13d and 13e; and a gas mixer 14 for H2 and N2.

11



19 April, 2006 In the enbodi ment according to the present nxen [ Qﬁit S
so arranged that N2 and H2 are m xed i nside the gas m xer 1 -2 ...xed
gas with N2 and H2 containing 0.1 Vol % of H2 is supplied to a hydroge

radi cal for nti8ranabegiaest aﬁcordmgatpéhasarqqerﬁﬂn\f%m1 bis sapEapged thatNs |
approximately 30SLM (liters per mnute under 5 standard conditions). In

t he af or e- neand blaede erbed inside theogas chibey 4, @and reempressgas withWenandhlz  a
hydrogen radi cal fornmation/di spersion apparatus 11 installed at the front

end of the cowainiig @avolh @ Hefis shepilEdeda ﬂra_%o'gleﬁnbmcaiﬂ@mét:oﬁ/dem@rmsﬁd for
a hydrogen radical formation apparatus C. wever, the said hydrogen

Gas. cont act | Ty TASARIRG Aol rals EBo e ha P SO (HeF? LoD IRAeT
There is 5Nno t the hydrogen radical formation apparatus C
can be |nsta ?ﬁrgarﬁ%oiﬁ}ﬁoﬁp'@gce as Iong as it is installed down-stream of the

m xed gas heatin evice B. 15 I e af ore-nentj oned, enbodi nent accordl ng
to the present ing% G giere- ’%erfmé@ W%W@FF@I‘W@@ thgPregentiaventiats s

flow controller 13c for H enploy one for the flowrate of 50SLM and one
for the flow hydregen radicaidonnetionigispersien appsiatus 1hinstaliedwati theifiant endl ow
rates expressed in Umn and cc/mn respectively under the standard

condi ti ons. ofthd dowhestreahodideritheaiiredigag supplylsipeAds entployedfdrizon, the
mxing ratio of H2 in the mxed gas Gis set at approximately O Vol % It

shoul d be npyembgehratiidel fdrﬁuaﬁ@ﬁ'dp@@réth@tcthﬁvdé\!éf e ééﬁ:l' KW dRbgéi radicget at

around 0.01 - 5.0V ol % for the reasons that the l'evel of "a sO0-call ed
n

ha °??@LGEWBP%}%L%%%@%% B o any oo B FRFAT Bfe GHE cbicklfg g

f H2 th | 94.
ratio o ' R fOF: a'a Sr‘r%geé gas g%qunp;%‘d ?v:tﬁ)\éopla(ilnum film.

There is no need to say that the hydrogen radical formation apparatus C
can be installed at any place as long as it is installed down-stream of the mixed
gas heating device B.

15 In the afore-mentioned embodiment according to the present invention,
a mass flow controller 12c for N2 and a mass flow controller 13c for H2 employ
one for the flow rate of 50SLM and one for the flow rate of 100SCCM
respectively. SLM and SCCM indicate flow rates expressed in I/min and cc/min
respectively under the standard conditions.

20 In the embodiment according to the present invention, the mixing ratio
of Hz in the mixed gas G is set at approximately 0.1Vol%. It should be noted
that it is desired that the mixing ratio of Hz is set at around 0.01 - 5.0Vol% for
the reasons that the level of a so-called hydrogen termination treatment of Si

will not be enhanced due to the fact that it is saturated and the volume loss

25  increases even when the mixing ratio of Hz2 is raised to higher than 5.0Vol%, .

12




19 April, 2006 while the level of a hydrogen term nation tregtggné ié S!

wll be Iowered when the mxing ratio of H2 is | owered bel
thereby nmaking it dlfflcult to performthe hydrogen termnation treatnent

properly .or Wila ¥ leve! of acitdieaen tergriratiamiseatsienipf ByWilkbe IpWeeddBti nent
according to the present invention, it is so arranged that a m xed gas G
with a flowthataxiof ratdshf Heds kmmrladéxdalamoaﬁﬁydmegdw naakinogl it difficult to

formati on/ di spersion apparatus 11 for 2-3 mnutes for the drying treatnent

of a wafer perigirtnithe hgdagesi teemilizaie ttRiatobntpiyperly R ineaking herrastreent! ai ned
| ater. However, the outside dianeter of a wafer to be treated i s not

limted to tnlcp@fbﬂ,ﬁe_,’bgngt}ﬁ, i d embodi ment, and the flow rate of the m xed
gas to be supplied can Lf) appropriately adj ust ed dependi ng on the outside

di amet ergof the r ment ,
a terrperature of \Aﬂfﬁe mﬁ%'ngea[g%gﬁg%rﬁi%go {i’fek;ireg%?]t 'ﬁﬁ%ﬁt@b%%gﬁ@%r}% rdi ng
to the pres i nyention, a,stajnless 15 fl exible be with_the
Ut 1 e di At MHELARRE, WiHihp o FReP! S0SMEdE SUBPERLER F diiroash fagica
polished, is enp %fd for the afore-nentioned flexible coupling g P

and, as |||€wmaélpe ispersioganparatusrd foed minutesfardbedrgsgieaatmentof aut | et
Si de of the gas supply panel 5 and the | ower end part of the vertical

coupl i ng pi pafer.4 #ih Shenliside diametepohbmuoxistately S4mmgsistdxpldired later. de
di ameter of 6.35mm( P, which inner surface is electrolytically polished, is

enpl oyed f oHoWeRer, Ao batTRNGIARAEr YRS Watdl 10T/ PbAtRE N ifitedd thersh al | ed
in a verti cal p05|t|on I nsi de the case body 1, and supported rotation-free

and. {1 3ve! | fie-ddid ettt 3R 12 pa?‘% bl fHehikedms WIS Yuppifts G4 6

peri pheral surtace o omer en
. appropriately adjusted depending on the outside diameter of the wafer 4 to be

cleaned, the time for the drying treatment, a temperature of the mixing gas and
the like.

In the embodiment according to the present invention, a stainless-steel

15 flexible tube with the outside diameter of 35mme, which inner surface is

electrolytically polished, is employed for the afore-mentioned flexible coupling
pipe 6, and, as illustrated in Figure 1, and secured removably between the
outlet side of the gas supply panel 5 and the lower end part of the vertical
obupling pipe 7.

20 | Similarly, a stainless-steel tube with the outside diameter of 6.35mm,
which inner surface is electrolytically polished, is employed for the
afore-mentioned vertical coupling pipe 7, and installed in a vertical position
inside the case body 1, and supported rotation-free and traveling-free upward
and downward thereto.

25 Namely, the outer peripheral surface of the lower end part of the said

13




19 April, 2006 wvertical coupling pipe 7 engaged with and supported %y t he
thus rdRiARFik 2006

after-nentioned |lift/rotation driving nmechanism 8,

vertical coupling pipe 7 slide upwards and downwards within a prescribed
di st ance (apgriisal aeupling pipefengagedhwitie ahd sppontgd bide aeamensoned
forwardly and reverse to the peripheral 5 direction within the prescribed

range of anliftfigiatiof apipingxineshahiym)ithus heakirenthedigrticdl)couptihg bipe Dpkidat | on
of the lift/rotation driving nmechanism The after-nentioned heat er-nounted

vertical coupliafds BhdBoRnward® WNBR & BrdribBe diRSEe BibreRifdatel Z00enhah d
vertical coupling pipe 7, thus formng a passage for the flow of a m xed

025 © |1 PO B Ao 5 RN cr B SherRUBLEG eggfen® O e

af ore-nenti one i vin ni sm i cal
a heat

coupling pipe. 7 r-nmounted vertical co I n i 9.and the like to
Srihe " BredioiuiRLG ripsaeR sHG0e ohan AR lamto RV AR coupl  ng
pipe 7 to rotate forwardly and reverse for the angle 0 to the peripheral
di rection 18Mbaginent) withdhe operatiamef thadifipiatien)driving meckanisBhstituted in
t he enbodi nent that a vertical coupling pipe 7 is slid upwards and
downwar ds by neanthesaftecomentiohed heatertroounted werticgbaouplimg pipe 9 sck

mechani sm and the vertical coupling pipe 7 rotates forwardly and reverse

for the pressrindetstl e ser@ndpdrhef thealzidbertieh éfblfpﬂmtgipﬂq% bythians of
e

conbining a notor driving part with a gear 20 mechani sm

af or e- ment iféﬂﬁﬂ'ncdné Eéééaéq?fdr?ﬂe ﬁ&\iw?’df%gm%‘aﬁég &Mh3h& IBrRal gmfr?ﬁiﬁh with

construction su . t/rotation driv nmechani sm an air
o1 S UM Bl sl GRS, 0eT Lype: 2 [ strated 1 F gure
formed with a Coul%lei g%rg-irrﬁ)gnt%%g% Ii]ﬁ?m?aqgn%rﬁf?nega;n%%ﬂanﬁs% gralltl)évs a vertical
coupling pipe 7, a heater-mounted vertical coupling pipe 9 and the like to slide
to up and downward directions, and the shaft of a vertical coupling pipe 7 to
rotate forwardly and reverse for the angle 8 to the peripheral direction
15  (approximately 20°in the embodiment). It is so constituted in the embodiment
that a vertical coupling pipe 7 is slid upwards and downwards by means of
combining a motor driving part with a rack mechanism, and the vertical coupling
pipe 7 rotates forwardly and reverse for the prescribed angle of § to thé
peripheral direction by means of combining a motor driving part with a gear
20 mechanism.
The afore-mentioned lift/rotation driving mechanism 8 can be of any
construction such as a lift/rotation driving mechanism 8 with an air cylinder type
or an oil pressure cylinder type.

As illustrated in Figure 6, the afore-mentioned heater-mounted vertical

25  coupling pipe 9 is formed with a coupling pipe body 15 and a sheathed heater

14



19 April, 2006 16 housed in the coupling pipe body 15, and a gas inlet
opening 15a, a gas outlet opening 15b and a lead wire dra I eni ng

15c are installed on. the couplin pe body 15 resgfctively. In the

. . 1g_pi
embodi ment adBACYPRY it Hhe sUINESEPE Bpﬁwéﬁt a0t a gassintat epesindstaseia 98 pi pe

with an inner surface, which outer diameter is 19.05m{P and inner surface
i s el ectrol ypuletlanening 1Shadd & lead witeogragiging-oat quaning n§c premstaiidyd db, and
a space nmnmde between the outer peripheral surface of a sheathed heater 16

inserted antheféduptidgtpipd bedy nsirdspddiieelgof and the inner wall surface of a
coupling pipe body 15 fornms a flow passage. Al so, a stainless-steel pipe

with the outer di aRRheentodifeht 3 e@gftw‘?ﬁglﬂf%%%ﬁﬁnmlﬁbnsg%,faﬁ’gsi%%teaer']d a

el ectrolytically polished, is enploy or I nl'et’ open

gas outl et ' regd L.an sheat eater 16 i s faqrnmed
with a hgat %gg%&a igw ‘%grﬁffg &%’aﬁﬁlgﬁ{aﬁfgé}ﬁﬁ%m&%rr'fsgsc 1@ Ainngr F‘é‘gﬁc? or
I nput 16c, 3 Ige?g ﬁ)gr t he . thernoel ectric couple 16d, and the like. In the
embodi ment  at cordiong'celly PRlishedl, it exwlayedfoeacoyR!ing RipedhrdnERiang a sRase
generation paréﬁlGa Wth capacity of 20V and 200Winserted in and fitted
to the insidBags betyween tiapuerpetipharapsyéacs ofe sheathed theateti Hhipsertedf
12mm(p is enpl ot%éd for the sheathed heater 16. The capacity of a sheat hed

heater 16 amdifiitedetoftbetinside tarebband trar inaeovallautaow of ascagting piidiBody
coupling pipe body 15 are determ ned appropriately 20 dependi ng on the fl ow

rate of the1§dorrmessiov phbs hAlhB?é@%iﬁeQ%i@élpgﬁr»’Wtﬁ‘i’he gﬁﬁ'%?ﬁégﬁl ing

pi pe 9 and the degree and velocity of tenperatu I se an of the

T ets 5 SO ROV R0 ol VoL, LA P o
o o had s Hlies dratiig 68 dhd ABa8 ballel Speming 185 "2 o€ the mxed gas of
The afore-mentioned sheathed heater 16 is formed with a heat
generation part 16a, a thermoelectric couple 16b, a lead for input 16c, a lead for
the thermoelectric couple 16d, and the like. In the embodiment according to the
15  present invention, the one having a heat generation part 16a with capacity of
20V and 200W inserted in and fitted fo the inside of the stainless-steel pipe with
the outer diameter of 12mme is employed for the sheathed heater 16.
The capacity of a sheathed heater 16 and the effective sectional area of
a flow passage inside a coupling pipe body 15 are determined appropriately
20  depending on the flow rate of the gas passing through inside a heater-mounted
vertical coupling pipe 9 and the degree and velocity of temperature rise and the
like of the mixed gas G.
In the embodiment according to the present invention, two pieces of a

sheathed heater 16 equipped with a heat generation part 16a with capacity of

25  200W are employed to heat and raise the mixed gas of approximately 30SLM

15




19 April, 2006 (M2 V.1-/0 and N2 UW9. W/ 0)tO 1QU U - 1bUUwthin 5 -ZU
seconds. Utcourse, any gas can be enployed instead of N2 ti& Apridy 20Q6nj xed
gas as long as it does not react with hydrogen. In the enbodi nent

accor di ng t dté g 83@ A2 Y én e 4RV @-Ja WYIEEHHQ “AFRGANIES LN COUTFRY al | ed
on the lower part of the outer peripheral surface of the coupling pipe
body 15 use®fbgaacarbeamployed sdteast of Bato tooplhernyixedgasas ionpeaseit does

axes of the vertical coupling pipe 7 and the heater-nounted verti cal

coupl i ng pi petYeactenitrohydrioged. | i nearly. However, it is possible that both
axes of the vertical coupling pipe 7 and the heater-nounted vertical

coupl i ng pi pe 9 cantidehboBfAbAl Rk A5 drddént ARLAGGA® LHeiesi tion of

a lead wire dragging-out opening 15¢c With e position of gas I nlet

oneni ng. 353 ogHitf 68 & MEAILARAINGS %&Faﬂg@ Col@h BLAbSa Blkas: B B 10 TS

coupled I'n ron W

heat er - mount ed _,.verti cal e 9. At the fron part, the

A ter - mont | SRR Bipsgitey:E5 Paed Tl ReetBiricunted vpuical cRimipBaies & 11 i s
installed a i xed. OF course, it is possible that a heater is installed
i nsi de the %F@f@é@\ axggiof dne ve@pﬁh@otmimummﬁﬁr&wthgﬁmtqtm@umued vertigale 7 i s

a schematic sectional illustration of a heater-nounted lateral coupling
pi pe 10 enpkeypling piped arst rdtilimedtippariyaHowevieg dhis ppsgite thatiboth breg 6f
enbodi ment according to the present invention. There is fornmed a heater-

mount ed | at titeabertiealirddupling ipike 2 @nidithée m@a@nﬁaonfewa\ﬁerﬁcaﬂfc@uﬁhﬁé grp'ét ¢ ehnmade

I nner pipe 19 with an outer dianeter of 6.35m(p, which inner wall surface

g aiehfélts"s"'s%‘%g%“bﬁea oAy By bR ""S%fiéefréﬁﬁ.‘@ﬁ%?“aﬁggw%f 05rm(p by
reans of | nghalibh 8 EbranBtaton B a 888 iPoaey fag) T PNeral surface of the

i nner pi pe

The afore-mentioned heater-mounted lateral coupling pipe 10 is
coupled in a horizontal position with the upper end part of the heater-mounted
vertical coupling pipe 9. At the front end part, the after-mentioned hydrogen

15  radical formation/dispersion apparatus 11 is instalied and fixed. Of course, it is
possible that a heater is installed inside the hydrogen rad’ical
formation/dispersion apparatus 11.

Figure 7 is a schematic sectional illustration of a heater-mounted Iateral

coupling pipe 10 employed for a rotation type wafer cleaning device in the

20 embodiment according to the present invention. There is formed a heater-
mounted lateral coupling pipe 10 in the manner that a stainless-steel-made
inner pipe 19 with an outer diameter of 6.35mme, which inner wall surface |
electrolytically polished, is supported and fixed inside the stainless-steel-made
outer pipe 17 with the outer diameter of 19.05mmg by means of installing a

25  spacer 18, and the outer peripheral surface of the inner pipe 19 is wounded by

16



19 April, 2006 a mcro sheathed heater 20 at an appropri atﬁ Bitﬁg aﬁg t he

upper part of which 1is covered by a alumnumfoil 21. In nt
according to the present invention, a mxed gas G of approximtely 100'C -
120' C and appmistorshesthedIosites 20 ppenepproprate piteh Bnd dae eppabpat of i cal
coupling pipe 9 is heated to approximately 200' C - 2500C whi | e passi ng

t hrough an iisweverpdty dalubyinomaiod 24f 6 pieces of micro sheathed heater 20
with capacity of 150W and then supplied into the after- nentioned hydrogen

radi cal formati on{dliEPenbb@imaRRCaidRgy ol tHe RasehSintémitn, @dixddiadds G | n
t he enbodi nent according to the present invention, the length of a

heat er - noun I | L RGeMI NGl j ' = 500nMm
Furt herm)refa% gdxf?r{n?nfje@”g ed'hgalﬁgaﬁraeas&g %H@%ﬁ @%@hﬂs}gp}g&#?a ér- ﬁnt ed

| ateral _couplin ipe 10 travels.in the ran appr.oxi nat e Ommto
the up dhd NaBlet TeuaEearical Ealine oibg S b kledlo ABRPSIMRL 2R o ( he
hori zontal 15 direction r esgectivel y by nmeans of the operation of a
lift/rotati 6ROdr wWhilggpassingtarmugh arimes pire H9 bydaeans okt pigaestof micro
heat-insul ation materials not illustrated in the afore-nentioned Figures 6

and 7 are appéatbadheatarQ with capacityef 150 ahd thear suppliedhstoctbefieng pi pe
body 15 of the heater-nounted vertical coupling pipe 9 20 and al so around

the outer perantibredhydigenatdicaefartistionfiisiferdionaippahatubeatffom itstront efd
| ateral coupling pipe 10. A hydrogen radical formation/dispersion apparatus

| 1 is weldggtto the front end part of the afire-nentioned heater-nounted
| ateral coupling pipe 10. A radicalized hydrogen-contained nitrogen gas is

gushed gyt 1rom g, Sl 2 AmaP LSS AINGAY R8 brE UTTANERROR! FRSTeRbATAPPT 2t us
heater-mounted lateral coupling pipe10 is made approximately 400 - 500mm.
Furthermore, as illustrated in Figures 3 and 4, the said heater-mounted lateral
coupling pipe 10 travels in the range of approximately 200mm to the up and
down directions and also approximately 20°at the angle to the horizontal
15  direction respectively by means of the operation of a lift/rotation driving
mechanism.
There is no need to say that heat-insutation materials not illustrated in
the afore-mentioned Figures 6 and 7 are applied around the outer peripheral
part of the coupling pipe body 15 of the heater-mounted vertical coupling pipe 9
20  and also around the outer peripheral part of the outer pipe 17 of the heater-
mounted lateral coupling pipe 10.
A hydrogen radical formation/dispersion apparatus 11is welded to the
front end part of the afire-mentioned heater-mounted lateral coupling pipe 10. A

radicalized hydrogen-contained nitrogen gas is gushed out from the said

25  hydrogen radical formation/dispersion apparatus 11 toward the outer surface of

17



19 April. 2006 a silicon wafer 4 positioned thereunder. As_ill ustrated in
Figure 7, the afore-nentioned hydrogen radical fornmation/
apparatus 11 conprises a stainless-steel-nmde and reversed-di sh-shaped

upper body 28 siliaodiveatersd ppeitionedl ltieateundemp! ate 25 welded 5 to the | ower end
edge of the upper body 23 and the upper end part of the cylinder-shaped

filter flange 24, mngldnson Figned habidtimenwiral Rjdibgen Aflicl xed to the

| ower end edge of the filter flange 24. Nanely, ther€ is formed a m xed gas

0l et openi ngn g, MtishBRsisiepgarals 1 esgf;mg% s"hlyerdiagemabiche

af ore-nenti oned reversSe-dis aped upp m xed gas G
heated to a 150 25 to,the |n of URPe! body
23 through t ggégggltgééh?wtgypgsr ﬁ?%ﬁ% S?Ff@agﬁgr ﬁ&fﬂq Blﬁtqﬁ%upg@ aped
reflecting F{ a.‘ae 25 is ma stai nl ess- steel and there are_nmde a
plurality oft® %'%"r\%‘é‘c‘f"gﬁ? et the; upper Pody &3 an ﬂledmrar%w%eme part. The
out er perlpheral edge of the said reflecting plate is 15 welded to the
upper body Z3linderssheped fiteaflange 24t abdiandjstrehapéxd pladionm beated filer 2énd
surface of a short cylinder-shaped filter flange 24 and the | ower end

surface of fixed {otirelowsr @nd2sdgdof thediltepflengd k4. af or e- nenti oned plati num
coated filter 26 is forned by coating platinumon the outer surface of the

stai nl ess- st cel - Mhddy, ihéro BTbATed bmaq s!iftet SBBARGTN ofepEsiyalol 0 e

pr esent |nvent|on pleces of a net-shape appr oxi ma

or e % ot STl SR ol PG AT B ™
B e e v
the thic knelsnséldcg ofatﬁg ru?))[(alerrr%gg; 230th?on|]g?1nthtehs%zc§) ;ztas? :nlet opening 23a.
The afore-mentioned disc-shaped reflecting plate 25 is made of
stainless-steel, and there are made a plurality of gas permeating orifices 25a on
its outer peripheral part. The outer peripheral edge of the said reflecting plate is
15  welded to the upper body 23 in such a state as it being held between the upper
end surface of a short cylinder-shaped filter flange 24 and the lower end surface
of the upper body 23.
Furthermore, the afore-mentioned platinum coated filter 26 is formed by
coating platinum on the outer surface of the stainless-steel-made filter material.
20  In the embodiment according to the present invention, pieces of a net-shaped
body of approximately 8 mesh formed with the stainless-steei-made wire with
the outer diameter of 1um are stacked and sintered to make a disc-shaped
filtration material with the thickness of approximately 2 - 3mm, the outer

diameter of approximately 60mm and the average pore size of 20pm, and to

25 forma platinum layer with the thickness of approximately 0.3um on the outer

18



19 April, 2006 surface of a pore of the said filtration materi al bi/, means
of vapor deposition. There is no need to say that the neth i

plati num | ayer on the stainless-steel-made filtration materjal |s not
limted to tSwfage&f & prraaf dhe gaidfiiraiinn Batasiahby raesmset Yaner depesitiRy- ot her
met hods such as an ion plating 5 nethod can be applied as long as a

pl ati num | ayer i s Thererisdn@neediéo oay Hrat tharfedloed tf farmea pladindreleyesoeéhe | n
t he enmbodi nent according to the present invention, a sintered naterial is

enpl oyed as stdifless-atevianads fiktionanstefial it mat ligitetad ¢hé aforeanentidned aver age
pore size, the thickness, and the thickness of a platinumlayer are set 10

at 20m appme [S’tfglﬁ éfq.\g : rfsaq‘p@hi &4 However ,
the method n@h%?&kﬁg@gd?l ti r%?%gﬁaﬁgml a @l’htlﬁﬁg Stﬁﬁpc ness, %{hedgexternal

di mensi ops ver por i.ze . [ t he

t hi cknes o{'?éamfﬂtj %P%&n?&ﬁggeqs I§H§ q%haes%ft'bg%algg&ﬁ%tfg{m%?to \é@h%gﬁ@e&" ues on

t he enbodi nent, according, to the 15 present invention, but they can be

appr opri at ePyrfaes Qfmer@g”'&%sﬁ'eﬁﬁﬁlng on the flowrate and the duration of
gushi ng-out of the gas G the external dinensions of a silicon wafer 4 and
the like. A platibtu bedinfant scoing tortherpreaentrisventian, gfdatersdir ogen

radi cal fornmation/dispersion apparatus 11 is horizontally maintained at
and fitted heatédd is 2hhployet astik slairlesy stebbmsilerfiltratjdrn maderia hanbthef i | t er

flange 24 by means of a screw stopping nechanism As a hydrogen radical
formati on/ dbmgé'ﬁe%i%@rﬂ@é tHickhbss Sah @RS BitKPess B aNTa®iurd ldydriaré @t i on

driving nechaniSm 8, the Iower face side of the said platinum coated

fiIterAI%G 99ES0, AW i n the nei ghborhood of the outer surface of 25 the
waf er S

et “on‘the wafer support disc 3a. 19
approximately 2 - 3mm and approximately 0.3um respectively. However, the

method of forming a filtration material, the thickness, the external dimensions
and the average pore size of the material as well as the thickness of a platinum
layer and the like are not limited to values on the embodiment according to the
15  present invention, but they can be appropriately determined depending on the
flow rate and the duration of gushing-out of the gas G, the external dimensions
of a silicon wafer 4 and the like.
A platinum coated filter 26 for the afore-mentioned hydrogen radical
formation/dispersion apparatus 11 is horizontally maintained at and fitted to the
20  lower end part of the short cylinder—sﬁaped filter flange 24 by means of a screw
stopping mechanism.
As a hydrogen radical formation/dispersion apparatus 11 is lowered by
means of a lift/rotation driving mechanism 8, the lower face side of tﬁe said
platinum coated filter 26 goes down in the neighborhood of the cuter surface of

25 the wafer 4 set on the wafer support disc 3a.
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19 April, 2006 Even though the snaller is the better for the spaci ng6

between the | ower surface side of the afore-nentioned plati

filter 26 and the outer surface of the wafer 4, it is normally set at
approxi nat el y 0.5 Eveh. though tleasmiaber igithebpttenfordiie dpacibg Ibetweemthd lowvelri ke
of the activity of hydrogen radical formed by 5 the after-nentioned

catal yti c aGiurRideidebfiheifote-MeWtiohd® pRitiRlAT toRteafitdr 26EAHItRE cuyde silicon
waf er cl eaning device in accordance wth the present invention is

expl ai ned. Befibidihd RafoHTas rbihalfSLtsl o roms%ﬂo.é..wfsrg@ frbfeaped f or

cleaning is automatica a suppo di sc e waf er

cl eani ng devyice 0 ndt. 4 s rtsr at the.high s

(appr oxi mat é(f%wfﬁgédg EK/FW@JE H§e8 ea%"ft h@’ﬁ'@%@ﬁ'caﬁ% eode&g
supporttrotation driving nechanjsm 3. Next, so- Gal |l ed acid cleaning is
per for medl byneafigemestipned satalviie agiionof PRUM. hydr of | uoric acid and the
| i ke being jet-sprayed onto the wafer 4 rotating at the high speed.

Furt hermore, uponNewntheoperation of egotation type ilicbpavafagcleasinguieviegirer
cleaning is performed by pure water being jet-sprayed onto the outer

surface of tbeonsahee with thetpres@st invaritionas iexpladmed.he af or e-ment i oned
chem cal cleaning and pure water cleaning treatnents is omtted herewith

due to the reasongighating 'ﬂ@??gurfzé CE ﬁ%ﬂ}s?vé‘raewﬂfé'rh 1 ectresteg- fo?QleHFlmg is

conpl etion of the pure Water cleaning treatment, draining is performed

having a 11 FUTIE 350 i o S P B 71 B e SREF o ie
hoat er Jameatadhe dedof s grlatgo s Boh sheset b eBBen Fadical 25
| otoral %025 Sééi\ﬁ%yatﬂgirp%?;tfonléf {he wafer supportrotation driving mechanism 3.
Next, so-called acid cleaning is performed by a chemical cleaning agent
such as hydrofluoric acid and the like being jet-sprayed onto the wafer 4 rotating
at the high speed. Furthérmore, upon completion of the said acid cleaning,

15 pure water cleaning is performed by pure water being jet-sprayed onto the outer
surface of the wafer 4,

Detailed explanation on the afore-mentioned chemical cleaning and
pure water cleaning treatments is omitted herewith due to the reason that these
treatments are well disclosed.

20 Upon completion of the pure water cleaning treatment, draining is
performed while the wafer 4 rotates at the high speed, and at the same time, by
having a lift/rotation driving mechanism 8 work to lower and rotate a vertical
coupling pipe 7, a heater-mounted vertical coupling pipe 9 and a heater-

mounted lateral coupling pipe 10 integrally, a hydrogen radical

25 formation/dispersion apparatus 11 at the front end of the heater-mounted lateral

20



19 April, 2006 coupling pipe 10 travels fromthe retreat Eosition ga
dotted line) to the operation position (a solid line) in d 4.
| medi ately after the operation of the afore-nmentioned lift/rotation

driving neceaviping pinget&travels frodn the redfené position ja dopied! dine) tathecopgratione) |
the gas 5 supply panel 5 starts operating to supply a mxed gas Gwith H2

and N2 cont giosition (HZolifl lifelin%Figlirdd®ahliaw rate of 30SLM from a gas mixer 14
to a vertical coupling pipe 7. It is desirable that a hydrogen radical

formation/di sper S!rﬁﬁue@?ﬁ?lgaéﬂé? tHéoBéFati% Bk Eﬁayélrﬁer‘it &‘é%' liffebtatiort he

operﬁtlonal position befoOre startlng t e supp e sald mxed gas G

10 T

%?Zﬁyi@%ﬁe@i@ﬁ%ﬁ’@%@ At O R SR e
9. Al

the vert 32?86'&%“#53&%%“@0%@365#? S0y @ Prretaa i E2gadNag nsi do a

heat er - mount ed | at er al couopl I ng pe 10 to approximately 150C - 300C, thus

15 bei ng | egoniginifg H2ofi0dt% gt “f'%@OWyT@FQ)gE%O$IaM|fE§HP & gasaixesniadiosper si on
apparatus 11. Referring to Figure 7, the m xed gas that gushes in to the

i nsi de of t Werticabemplinggipe?. lbis desirdUelﬂmjawhydIdgemradioalrrat i on/ di spersion
apparatus 11 through a mxed gas inlet opening 23a is dispersed by

col I'i di ng vxfdrmaaonmiépé@éubn@pgaraqhgtﬁ hez, c@ﬁﬂete'ﬂ tetravalingte tHeRPergtivhiapce

side of a platinumcoated filter 26 - through gas perneating orifices 25a.

After the hﬂé’élﬁcﬂ‘?ﬂeﬂﬁé Stﬁ,ﬁ@ﬂy@g&@ﬂ}(b@tm@gg?qﬁ? rggglcgal by the catalytic

action of platinumwhile pa Si ng oug I s then gushed

af or o- fEnt | oned (114 IR pil&d‘*@ﬂ%‘?ﬁ&oﬁpﬁm&ﬁpﬁ Soieadp’ Tsoc

300C (appr oxi matelay 250C in the
approximately 80°C - 150°C wnth a sheathed heater 16 while passing through a

heater-mounted vertical coupling pipe 9. And, the mixed gas G heated inside
the vertical coupling pipe 9 is continuously heated while passing inside a
heater-mounted lateral coupling pipe 10 to approximately 150°C - 300°C, thus
15  being led to the inside of the hydrogen radical formation/dispersion apparatus
1.
Referring to Figure 7, the mixed gas that gushes in to the inside of the
upper body 23 of the hydrogen radical formation/dispersion apparatus 11
through a mixed gas inlet opening 23a is dispersed by colliding with a reflecting
26 plate 25, and is let to the upper surface side of a platinum coated filter 26
through gas permeating orifices 25a. After the hydrogen gas is converted to
hydrogen radical by the catalytic action of platinum while passing through a filter
26, it is then gushed out fogether with N2 onto the wafer 4.
A mixed gas G gushed out onto the afore-mentioned filter 26 is heated

25  to the high temperature of 150°C - 300°C (approximately 250°C in the

21



19 April, 2006 enbodi nent according to the present inventign),. tola
result, a mxing gas G turn to hydrogen radi cal when the @é@ﬁ—»—%the
m xed gas is activated by means of contacting with a platinum catalyst
whi | e passi sgnbadimeghacaesdingltodhe peesentinventienhi ndi ng of Hydrogen with Si
5 atons is remarkably enhanced. Nanely, gushing out a m xed gas G

dom nant |y conposgad tieé rddiit, aanbdriggagGhipelr toleydrogdn cadlicainvioen thee waf er 4
rotating at the high speed fromthe |ower face of the filter 26 hydrogen

atoms are fhyglogeAnd tsasiiken §a8iesctviatdy & medineroy c@hwiﬂg Wit & pedtinuhe pur e

wat er cl eani ng, "and thus, a hydrogen 10 termnation is thoroughly conpleted
for Si ato : : AT @gtnl The
radi cal i za':rlﬁ (a)nrl’&’é%1 %y%%&géﬁaﬂhhﬁ@ tﬁ%gﬁt@?%@%@%&%‘%ﬁb}?@% °8§'§’d y ﬁmghs of

enpl oyi pl &tﬂi,lnum cat E:laﬁllSt %an be sufficiently perfornmed when the
t enper atur e RSEREWY £AB58%es hi gher than 150C. In the enbodi ment 15

according to the present invention, the tenperature of the m xed gas has
been raised to 2@9@%&1%@'“@@% awapgoroas e sloargnantie Fampesed 2s evi dent
that the limting tenperature to formhydrogen radical is approximtely
150C as i | | centamirgihydrogenuadical owtortke wafércd ratating ahtheuhigb speed\eim thee
reaction rate and the tenperature is shown in case that water is 20

produced byloWee facrét therilter 26aidesdd 7 ebnhy Sredfiraily whtifeasity pendedwlithySing
pl ati numas a catalyst. The fact that the reaction rate reaches closely

100% wh ' I I yel h
en étﬁg'fsi éaﬁHf&m%‘iﬂﬁe%Qlégégﬁgipﬁt ﬁn&ﬁ%,'eﬂ%&é &g that

hydr ogen is nost conpl e radi e tenperature of

2P0 O ot G BTRG BESCAB P o B SRR B 1"
a wafer 4 iv\slaf?aﬂvitfhglr.it gr%y motties.

The radicalization of hydrogen in the afore-mentioned mixed gas G by
means of employing platinum catalyst can be sufficiently performed when the
temperature of the mixed gas reaches higher than 150°C. In the embodiment

15 according to the present invention, the temperature of the mixed gas has been
raised to 250°C taking some margin into consideration.

It is evident that the limiting temperature to form hydrogen radical is
approximately 150°C as illustrated in Figure 8 wherein the relation curve
betwéen the reaction rate and the temperature is shown in case that water is

20 produced by the reaction of radicalized hydrogen with oxygen employing
platinum as a catalyst. The fact that the reaction rate reaches closely 100%
when the temperature exceeds approximately 150°C indicates that hydrogen is
almost completely radicalized at the temperature of approximately 150°C.

In-the embodiment according fo the present invention, the spacing of a

25 hydrogen radical formation/dispersion apparatus 11 and a wafer 4 is set for
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19 April, 2006 approximately 1 mm It should be noted thaﬁtgi i g@h er
spacing is the better. Accordingly, sufficient hydrogen t

treat ment cannot be expect ed when the afore-mentioned spaci becones

wi der than APBRRSIALAMEHJTE shaskhbe aotastihed e smallersparind isrEe Dedeheen ¢ he
outer surface of the filter 26 5 and the outer surface of the wafer 4. At

t he sane ti ecortimgly,asufficient hidsofer termiativnt theatafent eanpot heergectsghaci ng i s
made smaller than 0.5mm it becomes inappropriate because of the possible

danger of thenwahefafdrel@leftibmed pading bBbaes RAGEr PehpprexiesigGnwnt h  the
filter 26. Due to this reasons, the afore-nmentioned spacing is set at 1 nm

in 10 the g g@@% ftfrogéﬁ?é@bgﬂ/érﬁsﬁ ?ét%élgiﬂe 'oﬂYé?”s‘u'rféEg df theRiroa e

sufficient he m xe I's perforne through t he

af or e- tlon/dl spersion apparatus 11 for
appr oxi ?H&%gxmreg%ﬁgfgcg hﬁlaqt‘gag%bwgdl ment according to the present
invention the d% of the Si wafer wth the outer dianmeter, of 60mMmmq
rotating 15 at t Hal EFametimesGonisary o thisfaet whendagialowdmeptioredasi ng t he
m xed gas G which tenperature and flow rate are 250C and 30SLM

respect i vel gpadinglisanadasmalleéhan thémmait becpmesdoapprppriatgebecasisaioishe on
treatnent of Si atons on its outer surface is perforned. 20 Enbodi nent A

Si wafer 4 passiblg dangenbethedvalerYattahgtdihe higisspéspbeidgfcontadtednithg with
hydrof l uoric acid and pure water, and rotates at the speed of 2000RPM

1 © ! 5 eTHEF 265 Dls RO 80 QN3G méflondd Spadniy st sy 2
for mat i g/ 4L SRABEfMen? adlordfg o the Fésent invention.
It would be sufficient if the release of the mixed gas G is performed

through the afore-mentioned hydrogen radical formation/dispersion apparatus

11 for approximately 2-3 minutes. in the embodiment according to the present

invention, the drying of the Si wafer with the outer diameter of 60mmg rotating

15 atthe speed of 2000RPM is perfectly achieved by releasing the mixed gas G
which temperature and flow rate are 250°C and 30SL.M respectively, and at the

same time nearly perfect hydrogen termination treatment of Si atoms on its

outer surface is performed.

20 Embodiment
| A Si wafer 4 having an outer diameter of 60mme is treated for cleaning
with hydrofluoric acid and pure water, and rotates at the speed of 2000RPM
while its Si surface is completely exposed. And, then a mixed gas with Hz and
N2

25  Containing H2 of 0.1% is supplied to a hydrogen radical formation/dispersion

23



apparatus 11 at the speed of 30SLM The spaci ng between thg filter ig and
the Si wafer is nmade 1 mm thus making the m xed gas G g 2

m nutes continuously through the space. A filter 26 havi n% t he outer
di amet er of apparatps 11 laé thehspeatesE3G8LIM. The spadng between the fitae26 laagdher a
di sc conprising a sintered body nade of a stainless- steel-mde neshed net

body havi ng SaweesEis whide aMnAMBLagRaking thednall dagGaqitbhetiivrt fandatiagitese of
the m xed gas at an inlet opening of the filter is set at 250C. Wen a

waf er 4 dri hydrogen term nation with the silicon
ggral‘?tﬂfbds'ifﬁ‘fr@@qmﬂfe %ﬂbpce.

waf er dryin evicelin e af'ore-nentioned enbodinent is left in the 10

cleaned air for n r L dat.i Lty o) at .no LEi hange
i n appear ance sucﬁtﬂﬁgpé?g@f% rtbg{bﬁéﬁc&%&c@%ﬁ%ﬁEHLOE'?dek%gg%Jro f gggem,g]f t he
silicon _wafer even agfter the | gpse of approxinate 48 haur §. test was
conduct et f6r OE’BF‘r‘gé’P ﬁ“s%?haﬂwﬂ%a%@émpr '& a\ﬁmr{gfeigowg@ggé@ é@ﬁ?% sane
pre-cleaning with hydrofluoric acid and pure water was 15 nade to rotate
at the speestest-mEoiBORPsNedneat bodyhaisg af pamavithean avaragessize opBocmasd
jet-sprayed onto the outer surface of the Si wafer 4 continuously for 2

m nut es usi thg temjicspters obtheapb@dagassateaninpgtashenirdiof the filideis setat 250°Cer
with no platinumcoating being done at the flow rate of 30SLM The Si

wafer 4 treated f\WhefrdwBferdPdrid®hid trealdtefdh R Rgdradieh tEARINBASH Walh tha0
oxidation in the conparison test, and discoloration“due to the formati on of

an, Oxi de BRSO USR 1 AU ADSHIRGRRAbrififypeht BB IRLRS o7 er

the | apse o appr ox ours. evil he result
DA A R L RN L e o
according taoppteg?arﬁ)éeegggr} aé g}g%g}cjrgtrildn iistn(;tﬁ:e(c:iloenatrhetohuatgr glilrfa:\Lc% (o) twels’ilic%:o?a06
wafer even after the lapse of approximately 48 hours.
A test was conducted for comparison. In the test, a Si wafer 4
processed for the same pre-cleaning with hydrofluoric acid and pure water was
15 made to rotate at the speed of 2000RPM, and a N2 gas of the temperature of
250°C was jet-sprayed onto the outer surface of the Si wafer 4 continuously for
2 minutes using a dispersion apparatus equipped with the identicat filter with no
platinum coating being done at the flow rate of 30SLM.
The Si wafer 4 treated for drying was left in the cleaned air for natural
20 oxidation in the comparison test, and discoloration due to the formation of an
oxide film was noticed on the outer surface of the silicon wafer after the lapse of
approximately 48 hours.
As evident from the result of the afore-mentioned observation in

appearance, when a drying treatment is performed employing a rotation type

25 silicon wafer cleaning device according to the present invention, it is clear that
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Si atons on the outer surface of the Si wafer reach a high gegrgfggﬁi
hydrogen termnation. This enables the outer surface of t L fer
processed for the post-cleaning to be naintained in stable conditions for
a | ong peri Silatsims prthe autes skfage of the Syates reachg didiydeareerafiydfeaam on t he
silicon outer 5 surface is judged by observing the peak of infrared

absor ption tdrmfhatidn( i Thit kaableeitigd batdraadiaet of HHSKEON wafenpranesssd fohe
so-called FT-1R (the ATR nethod). Referring to Figure 9, there is shown a
resul t of npRSYEdMEANNG & 68 nRlsRIRld Rrutable Pohaichs Sosh IdrPpen@ ef timei ng

the FT-1R-ATR method ihmediately after cleaning and drying treatnents are

conducted by ”eanéegérgllg,gpg{alﬁgﬁ ggfgyo?lag@ﬂtéﬁniﬁ orRbi e gﬁ%rg%ﬂ?&

enbodi ment enpl oyin 'con wafer cleaning device in
accordance with the present. invention. It ..has heen canfirned th in the
case thdt vilureos §SuRiee oY bopdving e Hern ol i iorar AT S bR ) | <
performed with the m xed 8as G containing hydrogen radical (as sho I n
the curve Ayeighbrrhpedief R0DaM ahydmasss phthesse-ealled EHRAthep brdaethogher
conpared with the peak in the case without that hydrogen radical (as shown
in the curve B). Re#femingstodfigttecd | theenis shrowita oeslilhgf measiming infrased

I nvention, a silicon wafer drying device 20 conprising a hydrogen radi cal

fornmati on ajiigicofSiad WnitheGilonhwafep usingthenFTHIR-ATRmelifodyas cont act i ng
part, a m xed gas heating device B, a m xed gas supply pipe A a gas

Suppl Y panghnedlafolPafdodring BRAUY R §RbRts B GARAAS My nibarts 601 i on

type silicon er “cl eani ng appar at s drylng e wafer by gushing

Chr oughOt dfarBtofshOkB A o RA AT net S B Rhe Bl e e 10 25 10

ril, 200 make hydrogen radi cal by neans of the catalytjc action wth
f\ﬁe afore ?ype S|Iﬁcon %afergcleanmg device ih accordance with the pres\e/n{ mven{ion. It

has been confirmed that in the case that when a drying treatment (a hydrogen
termination treatment) is performed with the mixed gas G containing hydrogen
radical (as shown in the curve A), the peak of infrared absorption of Si-H

15 becomes higher compared with the peak in the case without that hydrogen

radical (as shown in the curve B).

Effects of the Invention

According to the present invention, a silicon wafer drying device
20 comprising a hydrogen radical formation apparatus C equipped with a platinum
| film on the gas contacting part, a mixed gas heating device B, a mixed gas
supply pipe A, a gas supply panel and the like is installed inside the case body
of a rotation type silicon wafer cleaning apparatus, thus drying the wafer by
gushing out the mixed gas of hydrogen and inert gas heated to more than

25  150°C through the afore-mentioned hydrogen radical formation apparatus C to

25



mentioned platinumcoated film and jet-spraying the m xed g P | i ng
the said hydrogen radical onto the wafer. As the result, A—Me of
t he hydrogen termination treatnment can 5 be achieved because Si atons on
the outer supdle bydmogendadical kymegasaf the eataiyiic astion wikibes¥farasft er t he
pure water cleaning, are perfectly bonded with H atons so that the outer
surface of trhent®nedgiletimoarobtedimtamdretisprayiigathkeniged djaisi comsainingriha | ong
period of tinme. As explained above, the present invention achieves

excel l ent, paRFhy@dben Padithiasnits thaWals. Abril, 2006 -27 What is clained is:
| . Arotation type silicon wafer cleaning equipnent which is provided with

a_silicon vafer %%HHQ%%LEIP%%Q/@?J& F%%B?ﬁg’fﬁ@?@é%rﬁ?ﬁ@aﬂdﬁr@ﬁn@elﬁ%ﬁ body

(2) for <cleaning the siTidon eaning wth pure

wat er, havi ilicon .er_drying device (1 risin ply
panel | (55 o DR Al peitiist T Hali o e i Sutath AR 5yl edlpp Aeteifr
gas of the drogen gas and inert gas cqgntaining nore than Q. 050/ oVol of
the hydroger! S:e¥R0eed aites the plre walgicleqnipa,ciamestecily banded yathialems 14)  of
t he af ore-nenti oned gas supply panel (5) at one end, a m xed gas heating
devi ce (B) 80 thafdhe ouwenrdudadegdthe Bi waterdar e btaintainteduinesiabliecondijivnss uppl y
pi pe (A), and a hydrogen radical formation apparatus (C) equipped with a
pl at i num cofdrianigngipemodafitien hydr ogen radi cal at the gas contacting part
whereto a high tenperature gas heated with the afore-nentioned m xed gas
heati ng device ( BRERI, : } t Aiaki

hydr ogen r adi cal B?%ngrghﬁ%&ﬁ% ﬂg?gr e- néﬂl{"fegﬁgﬁ a?g i cgl%g(?g&qng’t ?i:)drylaﬂ

appar at,is (gﬁ; ‘#E onto the rotating silicon wafer (4) after the cleaning is
conpl et'ed s $hat dryi ng and

26



hydrogen term nation treatnents are perforned on the outerggf&cggge t he
silicon wafer (4), WHEREIN the m xed gas supply pipe (A th a

vertical coupling pipe (7) so supported by the case body (2) as to be
traveling-free upward and dowward and al so rotation-free to the direction
of the periphery of circle, and 20 a lateral coupling pipe (10) coupled to
the other end of the said vertical coupling,,pipe (7) and supported
horizontally and a liftfrotation driving nég%énisn1(8) supports the

af ore-nmentioned vertical coupling pipe (7) and is operated to nove the

vertical couplipng, pipe (ngi in the upward and downward directions and rotate
it to the podVhAlis aidimeddserse directions. 25 2. A rotation type silicon

; | . . _ | ad . : \ _
FRstalled at o-par ** CRiEEE PP tybfer hlifd eqlBiicth hibyeRbEa vigt £
r1n5>(§ 8((1: gas hheﬁtsiilim]gndmtéceu[éyﬁ)rtlrddtb@im gming mge¢hdnﬁsnﬂ§3)9m8m8t:as¢13 bgiye (2) fohan
with the, af ore-nenti oned m x as heat,ing device, . 3. rotation

type silicon g&wn&tf@ﬁﬁm wetﬁﬁi%ﬁﬁgo q@mrpglgcﬁewnaw&w@tgﬁ gvaaf'gjafym 8on
waf er suppart ¢ : : s
cl eani ngplto %e Sfi@?@%ﬁ%?@;ﬁﬁa&ﬁ‘&#ﬁ%@gdgﬁ@%@ gag%% c#%m Egﬁﬁn (tg gar e QNacﬂgre ,
havi ng aI 19 Apfc?rE;rgemﬁ:ﬂedZ&h ? t:dd}o@t h)\!ﬂﬁft:pplgtra)/mh?dcme ;jo‘éthe]mfbdtmn '52‘,'83 tElgda

as su ape attached to, the re- oned case _bo .
dioply i xelegtaad oSBT e htoaSRuRV dTiae hidEoeto iR s ey e
0.05%/0l of tpwy doubeb@ith Fgd8 MHREbrq3s) SR aford-Rientiohed gasBupplypantl 5)1MS

m xer (14) of the afore-nentioned gas supE$y ganel (5) at 5 one end, a

nm xed gas hea®R@gndedimikeq Bas theatinadevice (B) e beghihe mixedgasiiortae af@rgti oned

cqui pped Wt FPSHEPhEF piidL o8 Pl ) Ab fiipbghrBhie] olRRgbA aHBarsts
o o o TNt | e T B ogen adicaeal Moot the
m xed gas corfaitacting part whereto a high temperature gas heated with the afore-mentioned
mixed gas heating device (B) touches, thus to gush out the mixed gas containing
. hydrogen radical formed with the afore-mentioned radical formation apparatus (C)'
15 onto the rotating silicon wafer (4) after the cleaning is completed so that drying and
hydrogen termination treatments are performed on the outer surface of the silicon
wafer (4), WHEREIN the mixed gas supply pipe (A) is formed with a vertical
coupling pipe (7) so supported by the case body (2) as to be traveling-free upward
and downward and also rotation-free to the direction of the periphery of circle, and

20 a lateral coupling pipe (10) coupled to the other end of the said vertical coupling
pipe (7) and supported horizontally and a lift/rotation driving mechanism (8)
supports the afore-mentioned vertical coupling pipe (7) and is operated to move
the vertical coupling pipe (7) in the upward and downward directions and rotate it
to the positive and reverse directions.

25 2. A rotation type silicon wafer cleaning equipment as claimed in Claim 1
wherein a sheathed heater installed at a part of the mixed gas supply pipe (A) is
applied for the mixed gas heating device (B), thus heating the mixed gas to higher
tllan 150°C with the afore-mentioned mixed gas heating device (B).

3. Arotation type silicon wafer cleaning equipmen't which is provided with a

30 silicon wafer support/rotation driving mechanism (3) inside a case body (2) for

cleaning the silicon wafer at the post chemical cleaning with pure water, having a



10 hydrogen radical fornmed with the afore-nentioned radic f.or io
apparatus (C) onto the rotating silicon wafer (4) after t L S
conpleted so that drying and hydrogen term nation treatnents are perfornmed
on the outer surface of the silicon wafer (4), WHEREIN a hydrogen radi cal
formati on/ di spersion apparatus (11) equipped with a platinum coating
filter fitted to the front end of the m xeds,gas 15 supply pipe (A) is
applied for the hydrogen radical formation apparatus (C). 4. Arotation
type silicon wafer cleaning equipnment as clainmed in CI aiml or 3 wherein

the m xi ng ratéélf ‘Qﬂ#‘%ﬁ,gfyé en ﬁcﬁﬁﬁﬁ%hﬂaﬁtg%ggq ‘f{@ﬁefq\.‘??@,é’gpﬁﬂto the

rotation type

wherein the veaf@.recmbnq@m b@ﬂa sb X kd 4 Afitedig&9uPtHeWydtbgen 8a8)undls)
and a 20 sheathed heater (16) |(E1)€(er)t ec?gggg’rfltted t her elé;l‘%l E

vertical couplifef§gps genaining mergihamp8NaiVal of theatwdrogmmat@a(esd@aa PPy pipe

bet woen the i KAbPougIPE W8 odf Mifer i BLuft Ak ShelfiooBR s ibrnl fHi] o bbe
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wafer (4), WHEREIN a hydrogen radical formation/dispersion apparatus (11)
. equipped with a platinum coating filter fitted to the front end of the mixed gas
15 supply pipe (A) is applied for the hydrogen radical formation apparatus (C).

4, A rotation type silicon wafer cleaning equipment as claimed in Claim 1 or 3
wherein the mixing ratio of the hydrogen gas is set at 0.05V01%-5.0Vol%.
5. A rotation type silicon wafer cleaning equipment as claimed in Claim 1

wherein the vertical coupling pipe (7) comprises a coupling pipe body (15) and a
20 sheathed heater (16) inserted and fitted therein, and the vertical coupling pipe (7)
is equipped with a heater-mounted vertical pipe (9) to heat by the sheathed heater
(16} a mixed gas passing through between the inner wall face of the afore-
~ mentioned vertical coupling pipe body (15) and the outer wall face of the sheathed
heater (16).

25 6. A rotation type silicon wafer cleaning equipment as claimed in Claim 1
wherein a heater-mounted lateral coupling pipe comprising a stainless-steel-made
outer pipe (17), an inner pipe (19) inserted and fitted to the inside thereof by
means of installing a spacer (18) for the mixed gas to pass through, a micro
sheathed heater (20) wound around the outer peripheral face of the inner pipe

30 (19), and an aluminum-foil-made cover (21) surrounding the outer peripheral face
of the inner pipe (19) around which the micro sheathed heater (20) is wound is
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8. A rotation type silicon wafer cleaning equipment as claimed in Claim 3
10 wherein the temperature of the mixed gas to be supplied to the hydrogen radical
formation/dispersion apparatus (11) reaches 150°C — 300°C.
9. A rotation type silicon wafer cleaning equipment as claimed in Claim 3
wherein the hydrogen radical formation/dispersion apparatus (11) is so
constructed that the hydrogen radical formation/dispersion apparatus comprises a
15 reverse-dish-shaped upper body (23) having a mixed gas inlet opening (23a) at
the centre of the upper wall, a reflecting plate {25) installed horizontally on the
lower face side of the upper body (23) and equipped with a plurality of gas
permeating orifices (25a), a short cylinder-shaped fiter flange (24) welded to the
lower end face of the upper body (23), and a platinum coating filter (26) fixed on
20  the lower face side of the filter flange (24) to form a platinum coating layer on the
porous disc made of the stainless-steel-sintered material.




