; e3el pzV6Tzi Rotation Type Silicon Wafer C eani ng Equi pmrent BACKGROUND OF

THE INVENTION 5 1. Field of the Invention The present inventi o]
a rotation type silicon wafer cleaning device to be used Wlthnmgw@wlﬂ@@mﬁr
fabrication equipnent and the like, and nore particularly to

type silicon wafer cleaning device maki ng possi bl e substantial quabi¥y

i nprovenents in the [Ratdtion Sypy Silicani Wateri{geahiagtioquipment sur f ace of the
silicon wafer through the inproved hydrogen treatnent of the outer surface
of the silicon wafer through the drying process after cleaning is
conpl eted. 2. Background of the Invention 15 The fabrication of

sem condyg @{K@g OP i ﬂWENﬁGFtS wihacleanng treat nem"m“mmmmm

silicon wafer, and then various treatnents such as the formatio

filmand {he Ii&elo t h? silicon wafer are applied after the cleanlggmm*
treat ntr;FeF—éﬁgéﬁthJpﬁggpﬂent for silicon wafers, the so-called”
rotation type 20 silicon wafer cleaning device has been broadly enployed,
in that a siliclO Regsent Ivaptian slatasdorpiofrtithtygesdliconsvaler eaning de t he
device body is rotated at high speed (approxi mately 2000 RPM) and cheni cal
cl eani ng @gpmice to betised svithyseroiconductor tatirgation eghipméenteand thedikepanded
thereon. After the acid cleaning treatnent, a cleaning treatnment with pure
water is maeedartisotarlyastd sotation §pkisiiondbafentanirg devies mdking rotating at
t he high speed. On the outer surtace of a silicon wafer treated for

cl eani ng_ whddiblb R bdtantial QiAITHbIRBRIORNAE yBAL Y dbbAnbYAE S1 1 con

waf er cl eaning device, SI' on the so-called surface | ayer Is €xposed and
hydr agen ed: Wi t . S i t he outer
curt ade 1 G Rulat BEREEI WelenInBHBR3FY tbrefrRThono et AR e Bt et et
has been perfornmed. The aimis to btain . a highly stable cl eaned surface
bt hout | DEREEDTGRCEd eIl cor e FOR0R 4 eitnde Poisee Gl CIoRTiEe
result, it has been said that there will not occur the so-called natural

oxi dat i onis@@MMeteslur f ace | ayer even when it is left in the air over a long
period of time. 1o However, even with a silicon wafer treated for cleaning

with this kind of rotation type silicon wafer cleaning device, it is
observed that an oxide filmis

2. Background of the Invention

15 The fabrication of semiconductor elements generally starts with a
cleaning treatment 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



naturally formed on the outer surface with the | apse of tine after a
cleaning is perfornmed. This nakes it difficult to prevent the natural
formation of the afore mentioned oxide filmno matter how wel |

envi ron o (! £ i, ok: Lhe wafer.
SUNNARY%E’%E{EN\%{?H%%V%@@ GBS e siicn Wafes Ty étﬁ'ﬁ@aggﬁgbjéééﬁ of the
present igpventi to provide .a rotatiaon e silicon wafer cleani devi ce
Lo over cfb PreArmuctics eV exiipied ae nvBodin afh R Bndest Ml ifnc i onal
rotation type silicon wafer cleaning device, that is, when the natural

f or mat i oreXPOSEH I aterast thus puiting:the Suwier Aurface &y a sapditien wirerain hgrmser with a
| apse of tinme, the formation can not be effectively prevent or del ayed. 25
Enhanced calledityidregeérvterafination toeaterens has deengiartarmede| dheiaim ist@at nent is 2
performed by means of providing the conventional rotation type wafer

cl eanisng eistinc highlyhstableosiebnegkarface withgutiewpure attinscresthedikef t he
Invention 5 Previously, with the conventional rotation type silicon wafer

cl eani ng gieyisheqd dirtegwggp?ossnwtﬁ ?ésuh}’ﬂ'h%g%eﬁté%ﬁ@t%rtﬁ%@%ﬂ%t""ith Si

atons on the expose er through the drying process, thus ensuring

stability_ of i 1 , ' . acghieving the
o cal | e Ryg e PUPARRRERBabGH pf i SEaE e BHEF Wnertt Bekl t 2ce of
the wafer, to However, inventors of the present invention have di scerned
that eit HBP JIhVen A ORGIRAMNOd ofdiPéent of the hydrogen termination of Si on
the afore nentioned outer surface or the partial nottle of the hydrogen
termnation would cause relatively |low stability of the outer surface of
the wafer treated with the conventional rotation type wafer cleaning

devi @a®, and reddbhedvemevelewithrasilicomwyaidr treated $oradieaning with tBis kindtdfe out er
surface i s enhanced by neans that the hydrogen term nation treatnent of Si

on the O%@Jtmmfybe%ﬁic@h wérer bRbAnPddvite, RtisbsahRId thaaRidxtd finPR! for med in
an atnosphere of inert gases) (such as N2) unreactive to hydrogen,

el udin . : 1 > : . : ith H
atom. | ampErAISoMAES ofiAe U s B IiRElEARLER P R e oBbBReS 1 on
at ons bonded wit l.uorine ator re reduced significantly. At fhe sanme
Ce o rotartisn. s Teana b RGN ED hebtsnt g R loratop st MtialRiFopod t o
enbody the said idea, and a nunber of stabilization tests have been
conduct edmentioned oxide film no matter how well environmental conditions are

15 presented for the maintenance of the wafer.

SUMMARY OF THE INVENTION

Object 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



on the wafers cleaned and dried with the device. The present invention has
been a creation based on the afore 25 nentioned ideas and tests. 3 A
first preferred enbodi ment of the invention is a rotation type silicon

wal er ¢l eadihdlen) Rfedtél HbrARMdOhS doPGefifidrdl domhen Yk QAR dadThgat i on

treatnent’s on t outer surface the silicon wafer 4 and 1s provided with
a wafer s ort/rotatign drivin i ce 3 inside a case body 2 to clean the
silicon V\#)\g?e g"tbvi% ﬂéﬁﬁrvﬁaq%%j@t"%a&%%'?gbhem cal cleaning, having a silicon
waf er drying device conprising a gas supply panel 5 attached to the case
body 2 to supply a m xed gas of a hydrogen gas containing the hydrogen gas
with nore than 0.05 Vol % and an inert gas, a m xed gas supply pipe A which
one end iRisclospredf thie: Invanti m xer 14 of the afore-nmentioned gas supply
panel 5, a m xed gas heating to device B to heat the m xed gas inside the

af or egrent i onedPraviced|yg asthsthp @onventisnahrotatidn ay gy siticge waferdileaning or mat i on
apparatus C equipped with a platinumfilmat the gas contacting part

wher ew t hdé\/ieé,ghwbgra@,snﬁfeurtﬁaﬁhgfcﬁeg%%umgwewotnaea hetraS PaRMiEoH tiened
m xed gas heating device B i1s contacted such that a m xed gas contal ni ng

hydr ogen | sal ' - ' , . Lcal
formati Oné%ﬁ&%?jav%/%@"r gﬁ'lg g%&@%ggﬁ %@%P%c%sg? {z}tulrs g%hgsgj f'ﬁé sglﬂﬁt@%)ﬁ@t&\éﬁ? @lrz&i after
cl eani ng. e secon referred epbodi nent conprises the first preferred
Cboa manats Aer acieanoe eainenl by geueuns (B8 3orGABAN M L ses a
vertical coupling pipe 7 supported by the case body 2 such that it is free
to nove uleranatoe eroahthendi atosts on e euter sueaee ohthenwatdirr ecti on of the
peri phery of circle, and a | ateral coupling pipe 10 coupled with the other

end afo t he sai dHoeever alventorsldfitige present irevedtion hpoe tdistenoed fatteithby, and at
the sane time, the afore-nmentioned vertical coupling pipe 7 is naintained

free to mpanoempiie d@afmantofthe hydfser Rrinfiation dfiSitdhetheQFold-ve and
reverse directions by neans of a I'ift/rotation driving 25 mechanism8. 4

EREIEE S T e L R
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.



gas supply pipe Ais used as a m xed gas heating device B, thus enabling to
heat the m xed gas to nore than 150C by enploying the said m xed gas heat 5
device B. The fourth preferred enbodi rrent conprises the first preferred

enbodi nmen j I ps Cis
made to b’Ee‘f'isaqugféé'?gﬁ&P%Qu ca t%%ﬁ% |on ésf)%rr%t{agéﬁ%é;%g?&ﬁ)wﬂé equi pped
vmthapl tinum coat ed lter, f ed, at thef nt end a s supply
i pe A "o lonBING d R ik ocEuiubeicitne a1 istBGeS Bmingr TREMEARE Ml g
rati o of a hydrogen %as is made to be 0.05 Vol % - 5. OVol % The second

pr ef erredorémﬁaauﬁ%ﬁv agg obthesgilicon walardt andis prewidash with aiwafgtipl i ng pi pe 7
conprises a coupling body 15 and a sheathed heater 16 inserted and fitted

t her ei n asuppost/yotatiordddving devicev@insidend casepbdp@ toi gheardthehsiitoriwvaddrl ows a
m xed gas to run through the space between the inside wall face of the

af or e-grenjyitl pafe oted affer dWeﬁﬂcéﬁ:l@é‘rﬂn% Neaving aisiliRonalvafet apn@tetige sheat hed

heater 16 to be heated with the sheathed heater. The second preferred

enbodi mengo fBySiAg ¢ %@éuwggjgptaheguacﬂmt@fherw%o@&dy 248 5abolgUipleRO i Pe

10 conprises a s €SS-S e oufer r plpe

to runt noabgrs mdfhdeh oL adialind s Aol ﬁ%&h RS o s Qe??ﬁe?if

of the inner and an al um numfoil - nade cover . covering, the outer
peri net er akd aﬁnﬁeréaﬁéramﬁ%d 985 5180 oP'%:@Mh'Phé’”ﬁi 'ssq?@&i%w' théater 20 is
wound. 25 The second preferred enbodi nent further may be so arranged that a
5 1ift/ges mixenl4ef theraforeeateativaed gas supalyveandl ak roixegidasdiestipg 7 | ower s
the vertical coupling pipe 7 so that a hydrogen radi cal

for matd ondeiee & toi uat A atinédigad Inside thas aforé-neshtidnedsrixet efhsasupplyp! ace
whereat the spacing between the | ower surface of a platinumcoated filter

26 _and t hgipBRYIndSH hpmeafraaml fijrh'ia‘ﬁeﬁ appbetuS dea@gbaa withea BHtlh@Fn will be

0.5mm - 3mm The thifd preferred enbodi nent may arranged that a m xed

00 oAl G PO 5y L BRI RSP
appar at UM EE AP Ben ST B s g Re &g ivios B Eont ”’té’é S66H that'a
mixed gas containing hydrogen radical formed with the afore-mentioned
15 hydrogen radical formation apparatus C is gushed out onto a rotating silicon
wafer 4 after cleaning.

The second preferred embodiment comprises the first preferred
embodiment constructed so that a mixed gas supply pipe A comprises a vertical
coupling pipe 7 supported by the case body 2 such that it is free to move up and

20 down and also free to rotate in the direction of the periphery of circle, and a
lateral coupling pipe 10 coupled with the other end of the said vertical coupling
pipe 7 and supported horizontally, and at the same time, the afore-mentioned
vertical coupling pipe 7 is maintained free to move up and down and also free to
rotate in the positive and reverse directions by means of a lift/rotation driving

25 mechanism 8.



upper body 23 having a m xed gas inlet opening 23a at the center of a upper
wall, a reflecting plate 25 installed horizontally on the |ower face side
of the upper body 23 and having a plurality of gas perneating orifices 25a

around the out efhé’ﬁ{i%ﬁwe&eﬁﬂﬂdﬁméw éd’!ﬂﬁﬁée}'ﬁ%ﬁsﬂ;ﬂ#gﬁ‘&% | ange 24 wel ded

onto the | ower 15 en ace of the upper bo a platinum coated
filter 26 _fi on t I r face side. of the fil fl.ange .24 formng a
bl at | num PGB GRS Btsq FER aratiedutio b8k Insdleg L8R &Y ariidl

mat erial. BRI EF DESCRI PTI ON OF THE DRAWNGS 20 Figure 1 is a front view of
a waf er cOIRBUPRIY PRE Lds Lpedi a6 2aixeyl gas Beding device Be #uiuenaPiing ®he present

invention. Figure 2 is a right side viewof Figure 1. Figure 3 is a
schemat i cheatitbetixed gasttakeoredhanii®e° G-y empleymng beXxaidnyxed gas heah

schematic sectional illustration taken on line B-Bin Figure 25 2. 6
Figureas 5 deviee®.agramillustrating a conposition of a gas supply panel.
Figure 6 is a schematic sectional illustration of a heater-nounted verti cal

coupling pi pe. Fhasdth'pleterfed e RITRAMENE&IHPASEY the Airdehicfdirad of a
heater-nounted lateral 5 coupling pipe. Figure 8 is a characteristic curve

di spl ayin : atj f yl ratd t he

react | on STCRIMECR. BRsRpeR hECE i flodsh ARKaT I aREP) Ao B roen. i gure
9 is a characteristjc, curve of e infrared absorption of Si-H op 10 the -
St 1§ con. vaieeR 6 eI DB Tpdica orrAlDBsPor SR ARREF SHS (i ceatipRd Wi

achi eved according to the present invention. List of Reference Letters and
Nuner al s a®platinunxeealgddilten fiied apthsefrentvendaf gaixeed gas sypobwpipe AC Hydr ogen
radical formation apparatus 1 Silicon wafer drying device 2 Case body 20 3
Waf erlGsuppor t | rBhefirsd prefierred regnipedihremt smaydbe So@pangedithat thle riRixiray fatio
driving part 4 Silicon wafer 5 Gas supply panel 25 6 Fl exi ble coupling pipe

7 Verti C%f@ﬁ?@ﬂdg@ﬁ_@ddﬁ@ rRadé td bé 0L@8 Ve, di5.0Vd1%. mechani sm 9 Heat er - nount ed
vertical coupling pipe 10 Heater-nmounted | ateral coupling pipe 5 11

Hydrogen radi catpd gpagiid BRYEH&8 BhidimBRPAILY B&sd-4Rahb &S THtSns TEHIRS O

coupling pipe 7 comprises a coupling body 15 and a sheathed heater 16
inserted and fitted therein and is provided with a vertical coupling pipe 9 which
15 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.
The second preferred embodiment may be so arranged that a heater-
mounted lateral coupling pipe 10 comprises a stainless-steel-made outer pipe
20 17, an inner pipe 19 wherein a spacer 18 is installed for its being fixed to allow
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.

25 The second preferred embodiment further may be so arranged that a



12b Pressure gauge 12c Mass flow controller 12d 012e Valves |10 13a Pressure
regul ator 13b Pressure gauge 13c Mass flow controller 13d 013e Val ves 14
Gas m xer 15 15 Coupling pi pe body 15a Gas inlet opening 16b Gas outl et

opening 1 bl g&.q% < I : Heat
generat i oﬁ%{g?ﬁ&l%ﬁﬁﬂgﬁme @p%rgﬁl%fégp@gﬁﬁ l%‘%ﬁﬁﬁﬁégn ggd for

t hernoel ectri.c couple 1 ter, pipe 2 Spacer, .8 19 |l nner, pipe. 20 Mcro
sheat hed ?\%“éﬁl'&g Fﬁ&gll %ﬂﬁ%ﬁ%ﬁ}f}y&r‘?g%ﬁ?éﬁ%%3%?79%?’1(5}1.@8%'91'% ﬂ?pajagg ff)ﬁer body
23a M xed gas inlet opening 24 Filter flange 25 Reflecting plate 25a Gas
per meat i ngladitpnedand.setBediahaintees wharaeal the sp@@ng)@exwwmthxémrpﬂ ON OF THE
| NVENTI ON The fol |l ow ng enbodi nents in accordance with the present

i nvent i onswfacedefsa platiad mheoatad diter @6 tamdrtbé eippec sutfece béthdr silidorgwafet5 Fi gure
1lis afront viewof a rotation type silicon wafer cleaning device

i |1 usty at 4 figcing tiesrfikesh wilije @G6amdi3pgmt 0 t he present invention. Figure 2 is
a side view of the device. Figure 3 is a schematic sectional illustration

taken on line i } e L L ¢l t t aken
on 1ine B8 i n Py e enibddihenting 1t SfafERbed tot bl
devices c I : i iS4 .ation tv even t hough
" so-oal | CnaREIE GRS RIGE R R nYdroaEn Ay R OrERPY el BEea T < ne
present inventjion, Referring.t Lgur 1-4 inclusive, 1 designates a
silicon \/\%@%‘?rahﬁ/?hﬁ ’Hé\ﬂt%'ﬁgd@?agb%e%ﬁgdg; 3 a wafer support/rotation
driving nmechanism 4 a silicon wafer, 5 a gas supply panel, 6 a flexible
coupl i ng pi pe, Thefausth preferred epitodimest pagde ® arranged thata hysroden vi ng
mechani sm 9 a heater-nounted vertical coupling
10  radical formation/dispersion apparatus 11 comprises a reverse-dish-shaped
upper body 23 having a mixed gas inlet opening 23a at the center of a upper
wall, a reflecting plate 25 installed horizontally on the lower 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
15 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.

BRIEF DESCRIPTION OF THE DRAWINGS
20 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.
Figure 3 is a schematic illustration taken on line A-A in Figure 2.
Figure 4 is a schematic sectional illustration taken on line B-B in Figure

25 2.



9 pi pe) 10 a heater-nounted | ateral coupling pipe, and 11 a hydrogen

radi cal formation/di spersion apparatus. And, A designhates a m xed gas
supply pipe conprising a flexible coupling pipe 6, a vertical coupling pipe
7, heater-nount id G a b ' tars I al
coupling pipe 1@8%35Eéhg%ﬁq;fgﬂﬂgb%?%tmﬁ§ggmgpgghﬁgacﬁiangs’%gg;?@g p?hg[.al | ed on
a part of the mi.xed gas_supply..pipe.A d,C.a hydrogen radical formation
apparatus inst 'HRE @rlﬁ?ﬁggggéﬂgfggé%ﬂ@r%gag?ntoﬁ@ ’?ﬁ%iﬁrd”ﬁ’é@%%ati ng devi ce
8. The afore-nmentigned rotation type silicon wafer cleaning device is
formed byVelHEAFGURYNG PRS-i con wafer drying device 1 conprising a after 1o
nmenti oned gas supply panel 5, a m xed gas supply pipe A, a m xed gas

heati ng devi ce fBguee hyala sgbematidiseationalliustrabion & pareatesmouatet ieral i ke; a
support/rotation driving nmechanism 3 for the wafer 4 conprising a support
disc 3a, couplihgtpipe driving part 3b and the |ike; an automatic
setting/renoving device (not illustrated) for the wafer 4; an automatic

carry-1a/ carry mghrelg v ?%p(a%}ft%ﬂs‘iié drve il Rihg HY rddforkel &7 4. a ] et- spray

device (not illuStrated or chem cal cleani'ng agents such as hydrofluoric

acid and Lke; j.et- I .y . i ng water
such as panpataliEs el teRRpai o % waChohat HadioBbRakuilssrBe A

detail ed expl anati on of waf er support/rotation driving mechanism3 20
conpri si n@aﬁ'ﬂ‘émaqaé?'ﬁ' OHSI§support disc 3a and a rotation driving part
3b, an automatic setting/renoving device for a wafer, and automatic
carry-in/ carr yduguege@isa charaatemrstigegusve ohthecinfrapechgbserptieniof 8i41ben cheni cal
cl eaning agents, a jet-spraying device for cleaning water such as pure

viat ertoandthiehe |like is omtted herewith because they are publicly disclosed.
25 The afore-nmentioned gas supply panel 5 installed and fixed on the side

1.0 partgjlics Wafe ignsedifRily afersd RPdicdenaefhin@tos & afmeht @hchitied 9as with
no reaction wth hydrogen ('such as"NZ"gas) and H2 as illustrated in Figure

5to a hyéié&ggip‘grgqli]g k'ege(?ft’m;én(ﬁpﬁdi spersion apparatus 11 through a m xed
gas supply pi pe A COfT%I’I si ng an e after-nentioned flexible coupling pipe
6, a vertical 5 coupling pipe 7, a heater-nmounted vertical coupling pipe 9,
a heater-nmounted |l ateral coupling pipe 10 and the like. In the enbodi nent
according to the present invention, it is so constructed that a gas supply
panel 5 akigt @hRefarerce:ketters andiNumerals t he case

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



body 2. However, there is no need to say that they can be installed outside
the 1o case body 2. Further, in the enbodi nent according to he present
invention, heating of the after-nmentioned mxed gas Gis perfornmed at two

separate places, \ldhalg|l er-nounted vertical coupling pipe 9 and a
heat er - nount eg Ia\{era"i\I c?g gné]ﬁ pi pel0. However, it is also possible that

heating is peéf orn@d te'ht hgr. at the forner heater-nounted vertical coupling
pipe 9 or at the I'1' {qtapon SMKiegee MWed | ateral coupl i ng pipe 10.
Furthernore, in the enbodi nent according tQ the present invention, a m xed
gas heating d8vi dieatel-aquntebyemicahe@urling RiPRt al | ed on a vertical coupling
pipe 9 and a | ateral coupling pipe 10. However, the formation of a m xed
gas heating dé0i ddeadecmountediatenay coypling pipso, either an indirect or direct
heati ng 20 nethod can be applied to heat the m xed gas G Concretely, as

il lustyated i m1FiKygregén radiealabanatiom dispersioh ngamwl y panel 5 is formed
by a N2 supply line conprising a pressure regulator 12a, a pressure gauge

12b, a nass fHQ&"F@@%Jr@'rE@PI&%} and val ves 12d and 12e; a HZ supply line
conprising a pressure regtlator 13a, a pressure gauge 13b, a mass 25 fl ow

controller 13 d and 13e; and a gas mxer 14 for Hz and N2. m
In the enbodi ﬁr%ﬁﬁg%@%gfaﬁé%to the present invention, it is so arranged
that N2 and Hﬁ ar m'ﬁ<ed inside the gas mxer 4, and a m xed gas with N2
and H2 cont ai neaY1assilawrontelia; i s supplied to a hydrogen radical
formation/ di spersion apparatus 11 at the flow rate of approxi mately 30SLM
(liters per m nﬂ@iﬂﬁjg};lwsst andard conditions). In the afore-nentioned
enbodi ment according to the present invention, a hydrogen radical

f-or metd on/ di spet3a Pressuparegulstotl installed at the front end of the
down-stream si de of the m xed gas supply pipe Ais enployed for a hydrogen
radi cal formatipg, PR YBuge However, the said hydrogen radical to
formati on apparatus C can be of any construction as |ong as the gas
contacting part ] is equi pped with a platinumfilm There
is no need to sgéemgﬁﬁoﬁgg%@@lggen radi cal formation apparatus C can be
installed at an,r C@ﬁgeyaf long as it is installed down-stream of the m xed
gas heating dev % °€ Y8VPR the af ore-nentioned embodi nent accor di ng to the
present invention, a mass flow controller 12c for N2 and a nmass fl ow
control | er 1334f dpa$Mi¥dhl oy one for the flow rate of 50SLM and one for the
flowrate of 100SCCM respectively. SLM and SCCM indicate flow rates
expressed i n Hbm Qoaplthgepipeibodyespecti vel y under the standard conditions.

15a Gas inlet opening

16b Gas outlet opening

15¢ Lead wire dragging-out opening
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



20 In the enbodi nent according to the present invention, the mxing ratio
of H2 in the mxed gas Gis set at approximately 0.1 Vol% It should be
noted that it is desired that the mxing ratio of H2 is set at around 0.01
- 5.0Vo|@6for1ghqnhg@§@%s that the level of a so-called hydrogen

term nation treatnent Si will not be enhanced due to the fact that it is
saturated and,jhe ,vol u 0SS. 25 i ncreases even when the mxing ratio of H2
is raised to ﬁbgﬁgF" ﬁgEaéy%fhﬁé%r12 while the I evel of a hydrogen

term nation trgag&ent of Si will be | owered when the mxing ratio of HZ is
| oner ed bel owld. NURINYRSPEEGRKPYR] it difficult to performthe hydrogen
term nation treatnent properly or making the treatnment nore time-consum ng.
5 In the enbod@nedpioadeivtdi ng to the present invention, it is so arranged
that a mxed gas Gwith a flowrate of 30SML is supplied to a hydrogen

radi ca fornmaRBonUppepssdy on apparatus 11 for 2-3 mnutes for the drying
treatnent of a wafer 4 with the outside dianeter of approxinmately 54mmtpas
expl ai ned | at o8 NIIQUB RS infePBpaHihgi de di aneter of a wafer to be treated is
not limted to that 11 1o the sald enbodi ment, and the flow rate of the

m xed gas to S i an be appropriately adjusted depending on the

out si de diane?gr %Bgtﬂﬁﬂﬁgfer 4 to be cleaned, the tine for the drying
treatnment, a ?ﬁ r@%gre qf the m xing gas and the like. In the enbodi nent
according to gp%? LEE R'A®enti on, a stainless-steel 15 flexible tube with
t he outside diameter of 35mmtp, which inner surface is electrolytically
pol i shed, is ERpIG@3eECMORAtiNGLONHiGS e- menti oned fl exi bl e coupling pipe 6

and, as illustrated in Figure 1, and secured renovably between the outl et
side Wf the g26 skipihympeoated Siltend t he | ower end part of the vertica
coupling pipe 7. 20 Simlarly, a stainless-steel tube with the outside

di aneter of 6.35mtp, which inner surface is electrolytically polished, is
enpl oyed for the afore-nentioned vertical coupling pipe 7, and installed in

a verti cabﬁﬁi_%g%?§@m§q| n%pﬁjﬁwgﬁmg@d supported rotation-free and

travel i ng- and downwa Nanely, the outer periphera
surface of the r,.end part of the said 13 vertical couplin i pe 7
engaged with ant%%ﬂl?&'?%%%cﬁrﬂgngf'Péc-cﬂgjr}m%%'@ hq‘ 9'73138[‘&'?'?’8“{9 i Vi ng
mechani sm 8, thus making the vertical coupling pipe 7 slide upwards and
downwar dsai@ gesaiibgdnerednderayithyrefetance t@égﬁﬁ&wmﬁel y 200nmin the

enbodi nent), and rotate both forwardly and reverse to the peripheral 5

di rectd on wi t hi higure 1ps$ adoontyéav ohagetatibndypeasititen (aaber deammgaleyic20i n t he
enbodi ment) with the operation of the [ift/rotation driving nechanism The

af t er - menfllustrethd aatepiboaimehe dcadtiingctal the rdserSni@mon? FiguroPRegtRrié to the
upper end part of the said vertical coupling pipe 7, thus form ng a passage

for the flpw &fthe dByi@d §r§‘i}iié‘ats|8ﬁeﬁf%ﬁiﬁis e}i?r?é'tlrnﬁfsft#a‘?ian%& 4R 1R8]

coupling pipes 7 and 8. The afore-nentione [rotation driving nmechani sm
8 allows @ .vest]| i ' Lo er - i.cal. i ng
pipe o and RIVER, FOUR ha8aRchEmas iR R bR BB R TR shar
of a vertjca oupli ipe .7 to rotate forwardly and reverse for the angle
o5 the biStoRRrBiediaahy oipa St ¢i8aRNG dacs GArbs AMAKDY ShRslanaat § 1 i <
so constituted in the enbodi nent
. 20 s 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, 9 a heater-mounted vertical coupling



that a vertical coupling pipe 7 is slid upwards and downwards by neans of
conbining a notor driving part with a rack nmechanism and the vertica
coupling pipe 7 rotates forwardly and reverse for the prescribed angle of 0

to the p ;5| ghepal hé’dtéﬁﬁfg @bété?%f‘@é ﬁp%ﬁd;?; ?Ilﬁy&r&{;eméd{bé]g part wth

a gear thani sm re rrentl iving nmechani sm 8
can be o co ructian SUG t/rotation dI’IVI chanism8 with
on air oyl ARG Sbh Hear sy Teyon SRR yBR O ePRRPPat ea i 1

Fi gure 6, the af ore-nmenti oned heater-nounted vertical 25 coupling p| pe 9 is
formed w @‘anar'%'BG;ﬂ f'% 's.cﬁ@pbawl% ahdericaherimivg meeﬂeheq@r-mqw Bdused in
the coupling pipe body 15, and a gas inlet opening 15a, a gas outl et

openi ng 1&dtiealcauplisgdpine Bea teatprimaounted |atesali coyplisg pipex10 astdhe dke.on t he
coupling pipe body 15 respectively. In the enbodi nent according to the

preserg i Buwemixeangasihestingtedise istalledbomapartdf theanixed pris supplyagipe Avhi ch
outer dianeter is 19. 05nnnp and inner surface is electrolytically pollshed

is enpl oy@ﬁ'd 04 n d ﬂaG Pfcﬁﬁmc?%ﬁyapl)‘ératgg%ﬁawaﬁm@ §w99§tiéé“a‘ﬁg the outer

peri pheral surfa e heat inserted and fitte t he
inside th ace of a coupling pipe body 15 forns
a flow pa g@ggﬁtﬁ%ﬂ%%&fgégﬁgéﬂm@gév®gé% pi pe with the outer dianeter of 10
6. 35mtp) whic nner wal |l . surfa e is electrol ol ished, is

enpl oyed for ahHé‘“s Pé?e%tﬂ%}ﬁdrfé’?Q_ﬁ‘ WRE Sﬁlceaﬁafs @@% WiEE 1B5b. The

af ore-nmenti oned sheathed heater 16 is fornmed with a heat generation part
16a, a t hiormed carrarging @sikcorewafes dreng deyicei hpamplising aaftemd for the

t hernoel ectric couple 16d, and the like. In the enbodi nent according to the

15 prisenmentivead igas supply manel Bagimiged gasauppngsipetA, @mp@d gddheatirigh
capacity of 20V and 200Winserted in and fitted to the inside of the

st ai nl essdgyiesB, emr@gémrédlealquﬁrﬁéw aﬁ@é@fusot ahdWBRikeSaenpl oyed for the
sheat hed heater 16." The capacity of a sheathed heater 16 and the effective

t I
thcelr?ﬁnﬁed'% ppr @{)? rﬂiﬁ\‘/\h@?ﬁ%@%@#gﬂ%ﬂgt@e ﬁgwlltogv&}ng 'gﬂgf Og%oeolo a@r gasm ng
th h d heat. d I 9 and th d d
vel oci ty o8 4 BBuTL A BorALE AptThe Ew%#om%‘ %n%p%t@ﬁg/g,%{ggwg deviose
enbodi nent according to the present invention, pi eces of a sheat hed
heat er 16(n&illushatediiferthe m@p&r4gan@ué@mavp 9aw-lr1/earrwquhd@wpec(not/ of 25 200W

are enployed to heat and raise the m xed gas of approximately 30SLM 15
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
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(HZ 0.1 %and N2 99.9% to 100C - 150C within 5 - 20 seconds. O course,
any gas can be enployed instead of N2 to formthe m xed gas as long as it
does not react with hydrogen. In the enbodi nent according to the present

i nvention : ' i 09 i S I r part of the
out or perPaR e aeft AF el Eried G50 B ofidh AR I 4T ©
heat er - mount ed vertical couplin ipe 9. Therefgre, axes of t verti cal
Coupl | ng. {5607 iR e i gk Bzi8es oud Frds Misa@iis Fise Siod e not
lined linearly. However, it is possible that both axes of the vertical
coupl i ng Py@egen sadicekiermatior/dispstsiee arparatug Al throughiggixadaasserplyt o be
positioned linearly by replacing the position of a | ead w re draggi ng-out
openi ng 1pipevi compthisingasn theaftesimentipreed fiedble cpeaplimg pidest, avertical

af ore-nenti oned heater-nmounted lateral coupling pipe 10 is coupled in a

hori zgnt aéqmmgtpiip@ 7WatHedtéremenAtyd \%Tﬂcéﬁfcklpﬁﬁ? bl deaheateihoifedverti cal
coupling pipe 9. At the front end part, the after-nentioned hydrogen 15

radi cal f@{é@f&@gﬂﬁbﬁg%qb%oaﬁgq{k%@ us 11 is installed and fixed. O

course, it 1s p hat 'a heater is installed inside the hydrogen

radi cal formatig i spersion, apparatus 11. Figure 7 .S a.schematic
sectional ill uslp%gieéﬁb%cﬁ"?nﬁ@g?gpl F?rfﬁgd)r?ﬁ r'%Ye@Wpﬁi"?]aopi pe 10

enpl oyed for a rotation type wafer cleaning device in the 20 enbodi nent
accor di ngCnstiucieginad @gas sHrRAlY PanRel Iraed éne tike grerbeusedhivsids thegiaseed

| ateral coupling pipe 10 in the manner that a stainless-steel-made inner
pi pe 19 wbedy an everdihaneiseno need i@ saythat they can beriestalled butside thee |

el ectrolytically polished, is supported and fixed inside the

st ai nices seadeckhbdyrad & uptiveein the embbdinéht ddvdrdingad héi Breebet indéntich, 05SmmTp by
means of installing a 25 spacer 18, and the outer peripheral surface of the

reans of instal 5 5 . rf
appr opr e 2 SR e g BRI B D BeBte U num 1 oi 1

appr oxi madEEyoadaEe: & (BERRe UG b el € by heteFriiined s
2500 wni | BraLeRInaiH B HowetRb it 5o Bestipedbariea i eseeged micr o
sheat hed heater 20 with capacity of 150W and then supplied into the after
ment i onedeitairal doe formardgateromatinteshyeartiepcosipbing aigsa? ar asthellatteom i ts front
ene 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 5 is formed by a N2 supply line comprising a pressure regulator 12a, a
pressure gauge 12b, a mass flow controller12c and valves 12d and 12e; a H2

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



part. 1o In the enbodi nent according to the present invention, the length
of a heater-nounted |ateral coupling pipelO is nade approximately 400 -
500mm Furthernore, as illustrated in Figures 3 and 4) the said

heat er - ”DHﬂﬂ"%deﬁx%Slh?énttca‘&EBtd|ﬁgtcptr%ee\#ggﬁf iAv&hforl, t it Akt Chat N2

approxi mately 200mmto irections an aﬁ{so appr oxli mat ely

oper at 1 onfhf & 4B AEg g Péﬁ“%ﬁ%%*ﬁé% oA A Ik IRER TN AR 1o Sy

t hat heat-insul ation terial s no lustrated in the afore-nentioned
Fi gures 6CaMANINGPel V) @ééper%mpﬁje@ﬁ%am?gmra%%ﬁewmww digpetsien
coupl i ng pi pe bod¥ 15 of the heater-nounted vertical coupling pipe 9 20 and
al so ar oudBpPanauslit et theslow netenf approxioatel S0SLM: tlitpispeerimingfe undeheat er
nounted | ateral coupling pipe 10. A hydrogen radical formation/dispersion
appar & ussthhderd eehdiiong)o the front end part of the afire-nentioned

heat er-nmounted | ateral coupling pipe 10. A radicalized hydrogen-contai ned

nitrogen gas i s|nomeeredmentioREy b%o%ﬁrh@n?écé&élhg%ﬂhé ??éé‘éi‘{t invention,

formati on/ di spersion apparatus 11 toward the outér surface o

silicon f lﬁ&rqn b S the

af ore- rre\rll\?'hgﬁe(@q?ﬂ?roﬁ)%agn r a";cilp)g‘a(ﬁ&?| [nyt %éré{‘}s&p@r @E%ﬂleﬁ%ﬁi’b%ﬁ' g St E_‘ﬂd

conpri ses i nl ess- st eel e and revers d- di sh-sha er body 23, a
di sc- shapgﬁl ﬁ%’&?ﬁﬁ@”ﬁ@?@% MGEL9A% SYRP Vtﬁ’éoq "%%Weéﬁ@éaof t he upper
body 23 and the upper end E)art of the cylinder- shaped filter flange 24, and
a di sc- shB%’@gsné@ii'ﬁaMOéf@é ieq appRtatus £6 Iowewen the saidihydsegemeadicaje of t he
filter flange 24. Nanely, there is formed a m xed gas inlet opening 23a on

the clént eforofativheppppatus Watén berdfany avhstrbetiat as éxrmpeas thengals contacting
rever se-di sh-shaped upper body 10 23, and a m xed gas G heated to

appr oxi mapgtt Yorls ffixed 299G lsSedLﬁﬂJéd)with% plBfhGR fi. t he upper body 23 through

the said gas inlet opening 23a. The afore-nentioned disc-shaped reflecting

plate 25 is madehgf |§g1% AR&RPR i Iat t@ﬁ%{c}rﬁgéﬁ rﬁlgal%ﬂﬁﬁﬁorﬁ)hpéﬁa&%@ﬁ gas

perneating ori f| ces on | t er per ral part e ou I"'pher al

058 o Ly B L4 S ARl oS S R s | >

cyl i nder - Sgsaﬁggtlr];é lde\%efBl ange 24 and the | ower end surface
15 In the afore-mentioned embodiment according to the present invention,
a mass flow controller 12¢ for N2 and a mass flow controller 13¢c 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 H2 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 Hz is raised to higher than 5.0Vol%,

12



of the upper body 23. Furthernore, the afore-nentioned platinum coated
filter 26 is formed by coating platinumon the outer surface of the
stainless-steel-nade filter material. 20 In the enbodi nent according to the

present i ﬁﬁ?%ﬂé)fé)&/epé)iezg ﬂgq@flgggltgﬁﬁfn%naﬁ?r%amgﬁt ?If Siaxpilﬂrb%xlbg%?@é Whgnmesh

formed wi e stalnles -made wre wt he outer dianeter of 1 ~, m

o 2ok Al LA, oM Bl G bl ERER JRALIS 1D

60mm and t he average pore size of 20wm and to 25 forma platinuml ayer

wi th the P@ifelmiweshydrogpptesminatien yreatment IRPEHYE obMaking the tregimaite of a
pore of the said filtration material by neans of vapor deposition. There is
no need tmosetimeiawngumeinget hod to forma platinum |l ayer on the

stainl ess-steel -made filtration material is not limted to the

af or e-grent i onednniakptbediméenp accerdptol therbreSatit iaventinh &lis BtarRmgeguch as
an ion plating 5 nethod can be applied as long as a platinumlayer is

formed ongdag rﬁ&%@rga%%fvﬂﬂ?a Abw! fate 8f 9@)9&@% sgbﬁgéd td thS/BF‘og‘ae'ﬁbr%@idﬁ? nt

acc_orldi ng to the present invention, a sintere terial "i's “enpl oyed asht he
thi cknessO N0 Er ol Al T Bt et mifties I P e TesRigntyr s,
ot hod of MBS WEN NG PLIIE FBAISIEY BF FRoXiHRIL SERRSS SXINeRIRhhal

di rensi ons and the average pore size of the material as well as the

t hi cknessHowexep|the ontside digsnetandfl a mafer todbeaireatestis INofimiadtto thatlines on t he

enbodi ment according to the 15 present invention, but they can be

appr ofy i athel said ehelsodimedt, deethdiflogy @ite o thd ed gastael sUFﬁliéﬂJd&éﬁ ben of
gushi ng-out of the gas G the external dinensions of a silicon wafer 4 and

the |1ke. afpiipfbtdl B dependiRg oAtné Bltdidle dbiiéter BPHY WaRA dvdiegen

radi cal formation/dispersion apparatus 11 i1s horizontally maintained at and

g T P PR 1

forrrationl!di@%ersion apparatus 11 is lowered by neans of a lift/rotation
driving 'sm 8, the |lower face side of the said platinumcoated filter

26 goes down in the neighborhood of the outer surface of
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
coupling pipe 7.

20 Similarly, a stainless-steel tube with the outside diameter of 6.35mmo,
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



25 the wafer 4 set on the wafer support disc 3a. 19 Even though the
smaller is the better for the spacing between the | ower surface side of the
af ore-nmentioned platinumcoated filter 26 and the outer surface of the

\Slgf ﬁt §f tzlur a%li%{g gﬁzt??teﬁqg%a%mhgétggbmﬁ?@bxftljr%% 6&@% leac\a/t: e:‘Nor med
of a rotalltes tat%@trtﬁ%?@sﬁ sare. dniS mapalad WA Ruedrdane’ STER the

present invention |s expl ained. Referring to Fi ures 1-4 inclusive, a wafer
4 to be t HEWPERS pRd 9W@Mfﬂ§W't§'fh%Wib@QIql§ta§6@ (apRIoKimately 200ramsiippor t
disc 3a of the wafer cleaning device, 10 and the wafer 4 starts rotating at
t he hi gh $peechbpdimpenty. ant edtgtedogb forEEﬂDdRFéMd teyetdectootherperipberalf t he waf er
support/rotation driving nmechanism 3. Next, so-called acid cleaning is

per f orgreddirgctiorcvithinctae prb@@rmewraa?@mf @@igt@%adswrdmﬁété@ﬁmmramed and the
| i ke being jet-sprayed onto the water 4 rotating at t he hi gh speed.

Furt herméﬁtbd&ﬂﬁ@nﬁe%ﬁt@b:o rafiort Bﬁtr%glffﬂro@atdh & hahisrRUr € vat er

cl eaning is pertor re water Ing jet-spra e onto the outer

chem cal cl cani Ngeaa M bchisr HeE BaRIA (et Palente M B T her ewi 1

due to the reaso at these treat re well disclosed, 20 Upon

conpl et i oFOBRESR t‘bD?%”Rﬁ?'é‘?” paR ﬁf@f?@' Merksal colpling,piRg 1.4hwer f or ned
while the wafer 4 rotates at the high speed, and at the sane tinme, by
havi ng a farming @trmsagecﬂ@rtheﬁ@mebaarmxg@gas\ﬁ)rmtheoxertmjrdnmﬂomwt’me a
vertical coupling pipe 7, a heater-nounted vertical coupling pipe 9 and a
heat ero rmbottecbdpﬂhgr;ﬂbe@@taﬂd&g pi pe 10 integrally, a hydrogen radical 25
formati on/ di spersion apparatus 11 at the front end of the heater-nounted

Lateral 20 covabiafrennaniiaed MHShon AT IReBTERE BRSYS bRrica dot t o0

line) to the operatlon p05|t|on (a solid Iitne) in Figures

I di at f ft

ari ving neahEIeEhipk ") EB g el 96@1'@83#@%‘*%@ kS8 ey

th 5 I t t d, Gwith H
and N2 coff 467 ”ﬁd’pq?tg‘e%?r te%%pﬁﬁ"%’wtﬂm bl 8t & VBRIcBL R EHI0R Tg8s i xer 14
to a vertical coupling p is desirable that a hydrogen radi cal

f or mat i on/fRtepOrwaEHY apgaemrﬁg fqnthnaamgi@ﬁﬁoéh%aenplsenat divestiong to t he

operational position before starting the supply of the said mxed gas G to
The niXxed(amwodntatelyl 202 the embedimerd). it isigd cogstijuted iR the eheridhdehd

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 9 to the
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



approxi mately 80C - 150C with a sheathed heater 16 while passing through a
heat er - mount ed vertical coupling pipe 9. And, the m xed gas G heated inside
the vertical coupling pipe 9 is continuously heated while passing inside a

heat er - rm:‘l'@t skl i ¢ mg;ﬂgﬁ@ioﬁgd%oaha afg% %t%ﬂ[{%’q _Jrgg’/%pagOOC, thus

15 being led to the inside rogen ion sSpersion
apparatus 1 eferri,pg tq Flaure 7., the mxed gas that qushes in to the
i nsi de of oyﬁ%’t h9 hgfnglsa l#%t\wée HWE%@%‘HUFBB?%'QQ %%r t'?%ﬁﬁ?ﬁ QBer si on
apparatus, 11 through a m xed gas inlet opening 23a is dispersed by

col I'i di ngth ePHRliNgPe bpdydoxespeelivel25, and i's let to the upper surface
side of a platinumcoated filter 26 through gas perneating orifices 25a.

After the hydrolpethegambodinmntaecoriing to tingdoregent inaenticr, abstainfessesteal yti c
action of platinumwhile passing through a filter 26, it is then gushed out

t oget her plgehwit? apnibert siefaval @hich odtefditttetents 19.0861MeS afd tin®sr surtdee
afore-nentioned filter 26 is heated 25 to the high tenperature of 150C -

300C i i i ahBAL] i i t
(app{LABRSGtiYal ts‘,1h@d, |§%rﬁﬂ8y%§;ﬁ}géjb8@ﬂfngaﬁﬁgz?§gggl 5‘,%ngi'b§sé en

invention). As the résu a mxin turn to enra en the
hydr ogen | ) i i_yat S n ing With a

pl ati num tr%agah@%tw e\%ﬁﬁhg%Ejz’&%@qeﬁgﬁ‘te\é@os@gfﬁ%ﬁﬁa%h%agl{’e(ggeéféﬁt]? 'ﬁﬂ%’*%%di ng of
Hydrogen with Si. 5 atons, is remarkably enhanced. Nanely, gushing out a

mi xed gasa@dg'&tﬁfjﬁ%m? y\%dﬁ@l%%gfﬁ o 'eeﬁmﬁﬁﬁHgaP@gF BGeHPHnGIPPR bt o t he
wafer 4 rotating at the high speed fromthe |ower face of the filter 26
hydr ogen abdamnsiadlow passagendileasa slainjessrsteehpine \Gith theoostes dimmseter ohr ough

the pure water cleaning, and thus, a hydrogen 1o term nation is thoroughly

conpl B ed6f3BmiShp, ahireinner wak sarfaee isoletrokyticlllyt fslishatiels amploged femy
nottles. The radicalization of hydrogen in the afore-nentioned m xed gas G

by means ghs @1el Gty A5atdrduaL 68 bat¥Ebp&RRg A8psUf f i ci ent Iy performed when
t he tenpergature %)el tﬁge m xed gas reache% hi%her than 150C. In the

enbodi nent 15 ag¢grQr ; [ ' A ture of the
m xed gas has bggﬁ af%rlﬂg‘ggﬂ?%r@jsgrﬁggéj HSQE/G?E@ @g?brb%&?'\&tﬁgg) @%%ty deration. It
is evident that. the |jmti tenperature t orm hydrogen radical is

appr oxi nag%ﬁ‘?/%‘gﬁ@%*é%%@‘%{@?g@&% ‘I"ﬁ‘?‘ﬁﬂ?gfsg’ Wr'\%ﬁcgfjorﬁ ITpiE 168, Qﬁ?%f‘{fur ve
between the reaction rate and the tenperature is shown in case that water

i s 20 prothecbermoelastic eaunle dAdoand thi tika.i indhergrabedjmentiachorgingtenthe

enpl oying platinumas a catalyst. The fact that the reaction rate reaches

cl osely 1pGgdenhmventientthemerechaving exteat dgenemionparal €4 withcpacitdiofat es t hat
hydrogen is al nost conpletely radicalized at the tenperature of

N s U A e Pl e e kPR
a vafer 4otk didPhetéf 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
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approximately 1 mm It should be noted that the smaller spacing is the
better. Accordingly, sufficient hydrogen term nation treatnent cannot be
expect ed when the afore-nmentioned spaci ng beconmes w der than approxi mately

3mm becau heal bsh t f the
fiter 2ot G BN 5090 o B0 ETRONE R 8 %0 RPbitias O 86FsR,.
contrary to this fact en , the afore: tioned spaging is made.spal |l er
Chan 0. Srafy beS BabdreemPlRSRg Bea 31 NodE ot Vs mifief 408 b I BSHGERSor ¢ he
waf er 4 rotatintg at the high speed being contacted with the filter 26. Due
to this reQldeast withoydragesl nent i oned spacing is set at 1 nmin 1o the
enbodi nent according to the present invention. It would be sufficient if
the rel ease of Iniberdndaatigent eccerdpwy fodhayuesdntomeggntione aafasriolatent i oned
hydrogen radi cal formation/dispersion apparatus 11 for approximtely 2-3

m nut &s. bpening 1689 MBI 66 G iweg padt dfithe PUtsSETdripheYgINiurite dflge dr yi ng
of the Si wafer with the outer dianmeter of 60mtp rotating 15 at the speed

Fenper at LS AN HpS HopY (BUNRMEE g tect SRR LR IERIFRIR T e came
2'???;226‘{t%%?#%?ﬁ&%‘f%%éﬁ@@ﬁﬁxé %ﬁbiz%f@fﬂﬁghg%h{-jggﬁﬁt%ﬁfvee?@%a"tafmi’zﬁ 3
60 . . . . : ,

and ot at GURINGHES SRBNRUORRRY-uHPWEVPE & BPostibiirat e BHs et of v
exposed. And, then a mxed gas with Hz and NZ 25 Containing H2 of 0.1 %is

suppl i ed the vertigalraegpling aifiec dlantl dhenkeataisrapypiedsiesticat ouplipppipetUsan 1 at
t he speed of 30SLM The spacing between the filter 26 and the Si wafer is

made b nmbe pbeiionadilingatinby mepladingathe Gogitnast olebdivire draggng-eat
continuously through the space. Afilter 26 having the outer dianmeter of

S4mep, t §FehiRg ASR8RI gi;ed[?oﬁm @%@a&%l@?@péﬂn@ Rggshape of a disc

conprising a sintered y made of "a stal nl ess” st eel -nade nmeshed net body

mxed gas at an APLreaien i peaEmd AR LSRR ARC °: ot

m xed gas at a opening o ter 1s8's en a wafer 4

dried dt d for. the hydr. t i nat i ith th il
i yi ng- deHed 1 & FEHEORRPESHBHTIHEE LARaG @A DL AEtemTeRBSED cl eancd

air for natural oxidation, it was found that no significant change in
appear anc¥erdigalcqupling fips 8r At it frost eind peddthenafterementienedsbydragenof t he
st Closn radical formation/dispersion apparatus 11 is installed and fixed. Of course, it is
possible that a heater is installed inside the hydrogen radical
formation/dispersion apparatus 11.
Figure 7 is a schematic sectional illustration of a heater-mounted lateral
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 19.05mme¢ by means of installing a

25 spacer 18, and the outer peripheral surface of the inner pipe 19 is wounded by
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waf er even after the | apse of approximately 48 hours. A test was conducted
for conparison. In the test, a Si wafer 4 processed for the sane
pre-cleaning with hydrofluoric acid and pure water was 15 nade to rotate at

t he speed : :

ot - apr ayadnishy o Pped ot 208 BordiBre BIRE BAL G WBhe B o an,

m nut es usli a dispersion a rat us equi pped with the identical filter
with no pl'sa‘??%r% Pgaﬁ?lﬁaq'gléﬁnﬂrgﬁggne at the flowrate of 30SLM The Si wafer
4 treated for drying was |eft in the cleaned air, for natural 20 oxidation
in the conpari sB%thee%‘I‘Poﬁmﬁ’Hieé?éBTdé’ﬂ%Qmléf@éeﬂb'nyﬂ@t'quramﬂxeﬁﬂ%ﬁ Gaof oxi de
filmwas noticed on the outer surface of the silicon wafer after the | apse
of appr oxiaparaximatety 100G - 120°@vindeapproxiomately80Sidvisupplied theough a

af ore-nenti oned observation in appearance, when a drying treatnent is

per f orsred heatdravomsted vieptic] coOpintPpipe™® Bi Hd6d td\@EsfoxﬁhQ@W pgoweVi ce
according to the present invention, it is clear that 24 Si atonms on the

out er surbaeecwhnbntﬁs%ingvm}&ﬁgﬁ 5A%het dﬁbe?ﬁggbﬁ/%mgggg% §§géeéségg§j rpm" nation.

Thi s elnabl_estheo er surface _of t he "si W f or _thg f
Proe. - conShaftnbe iiueTRd i tepakly, 51, 150R, ARt ORI il BidSn outer s

surface is judged, by observjng.the peak of |nfrared absorption of Si-H (in
The nei g B0RT S UsSTRTAG G iyt sheoreiah Saraiusctl KRV 18 fromendri

met hod). Referring to Figure 9, there is shown a result of measuring
infrared 8Borption of Si-H on the silicon wafer using the FT-1R ATR net hod
i mredi ately after cleaning and drying treatnments are conducted by neans of

1o theo net hod shothle embodieneadt @ceording toothedbresbatdhu@ntiors i MWtigiy ofiar ot at i on
type silicon wafer cleaning device in accordance with the present

i.nvent i onhehterlisumee Natepslidol 10118 rhdtfe S8S@xin %ﬁm hng
treatnment (a hydrogen term na ilg%b'lﬁgeatlnent) ?gépgrfit%l d w ?Rém m xed
gas G conkghpi e{rgqf j [ ak of
infrared EE?Q?Q??%%?@” Lﬁgf (L:jgé:rée%%ﬁ?\%ébgg%%%e{gy@@?@%%%% k in the
case w thaout that. hydrogen ragdical (as shown in t curve B). Effects of
the | nvenPPBW'nﬁcB'B?&ﬁlﬁgf%s f"h&‘epﬁaggérﬂ? aipﬁ\r@ﬂm?PﬁW 5§0§1m¥<&8}3 WeeBH dryi ng
device 20 conprising a hydrogen radical formation apparatus C equipped wth
a pl ati nuAPwNIdifestionnangaise appraximalglypadat the angledodhe hngzontaly device B, a
m xed gas supply pipe A a gas supply panel and the like is installed

i nsi des5 t hdireetion tasppgctifely by sheansof thepspesaliore ofa Viftfretatioh eivingy  appar at us,
thus drying the wafer by gushing out the m xed gas of hydrogen and inert

gas heat e¢hdchafidng t han 25 150C t hrough the afore-nenti oned hydrogen
radi cal formation apparatus Cto 25 make hydrogen radi cal by neans of the

catal ytic acti ophgjid igé{&gﬁeé’& & rti&@tﬁﬁﬁsmai‘iéhwj%@e?ig%tﬁ& i@%é&cﬁe@ﬁfo the

jet-spraying the m xe as contdinin e sal rogen ra
waf er. As i.gh [ of the .hydrogen term nati.on treatnment
can 5 be 5&%&8\%@?’%@8@9? @I’regf%ﬁﬁggr?rﬁ?@pgﬁg@rm@nﬁ %%%LWBF p?H@h%ria[i con
waf er wherein Si is exposed after the pure water cleaning, are perfectly
bonded wi PR QfIhe gaupling 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



so that the outer surface of the Si wafer can be maintained in stable
conditions for a long period of tine. As explained above, the present
i nvention achi eves excellent, practical 1 o effects. 26 VWhat is clained

is: 1. A Qﬁi%ﬁW%}féy@‘gogtibhﬁgrfhmﬁﬁaeﬁl eani ng equi pnent which is provided

with a silTicon water supportJrotation driving nechanism (3) inside a case

body (2) for clganin h ilic fer at the t .chem cal cleaning with
pure water, 5 fé%mHéﬁlﬁ{eﬁpﬁéd%We%ftggaﬁqrﬁfmﬁnﬁ%ﬁﬁﬁyq%g&(f%ﬁjﬁ?fsi ng a gas
supply panel {_5) attached to the afore-nentioned case bod (Z@to supply a
ni xed gasfopnatia@/difpgrege @rgaatesd1icesnrisgsa %@H’t‘%ﬁ‘iﬁ?&"ﬁiﬁé@@ n 0. 05%/o0l
of the hydrogen, a m xed gas supply pipe (A coupled with a gas m xer (14)
of the afreversad-dishedhagad uppepbpdp23eh dis)-shapesheeflecting plate gldedheat i ng
device (B) to 1o heat the m xed gas in the afore-nmentioned m xed gas supply
pi pe (A, toathe lewbyndede 'olithe appéobotii 2®andnheLdpesehpattmfithiwed with a

pl ati numcoating filmto form hydrogen radical at the gas contacting part

wher et 0 ac\ingBy- ﬁ?ﬁé‘é ﬁ@ﬁ@@z&%@ﬂ&%éﬂ&hﬁé@a@m tépiest 78 xed gas

heating device (B) to us to gush out the m xed gas contal ning

hydr ogen fadj it - tioned radical formation

appar at usﬁ)?%%gthgéé\y%géﬁ%gaeﬁgt@?ﬁtt%gf%@gf% (4) after the cleaning is
conpl eted so thgt drying and hydrogen term.nation treatnents ar er f ormed
o The. outer suiRael gieTens iadaived SRS (gt opanind S3aT e TS |+ con
waf er cl eaning equi pment as clainmed in Caim1l 20 wherein a m xed gas

suppl y pi e ypperiwalk surface ofitha aforgementianed myersergish-ghaner) uprerdogyor t ed by
the case body (2) as to be traveling-free upward and downward and al so

rot atioon- 23 e#nd a nhiked gias &6 theatedoto dgpogienatelyer50°Gf- 250°Q iglecutalthe | at er al
coupling pipe (10) coupled to the other end of the said vertical coupling

pi pe (7) ﬁa@ﬂjeﬁéﬁqﬁerdp%t@rBaayzz@,rthﬂidg\h_tﬁadsa% bhéidlém@éﬂiwzgéi ving 25

mechani sm 8 supports the afore-nentioned vertical coupling pipe (7) and is

27 ted t t | G [ | | d d
downwgrpgrgi ?ect?%%gycgﬁa‘ﬂfg%%{cgr{ég ‘lg'? 1:'tsg'gp ﬁé'r%ﬁ?@&éétag @e‘bgggy \é\ﬂ ecf1 inons.

3. Arotatj t il f I i ng. ' t claipged in Claiml
wher ei n_aS@iissstrehadhere atemade SR o8¢ PERPSAS BALSRARR 9N pi pe
(A) is 5 applied for a m xed gas heating device gB), t hus heating the m xed
gas to hi tiheuterpeniphsmtpart: nl ieneuter prePhena pdae @f Heerid JaleRingtRIAl igevi ce
(B). 4. Arotation type silicon wafer cleaning equipnent as clained in

d ai ma wvetdsdntoathbygpeg body 28iin such ar stata asit dieingehslddretappartiae uppérll )
equi pped with a platinumcoating filter fitted to the front end of the

m xed gasefypDI4cO®ioPa short dMindér-siddedltdrdrangeRaland e londr&dld durfamet | on
apparatus (C). 5. Arotation type silicon wafer cleaning equi pnent as

clainmed i i ref n the mxing ratio of a hydrogen gas is set at
AT €

0. 05Vo1% rotation type silicon wafer cleaning equipnent as
clainmed in d ai wherei g a [t k i 1017
coupl i ng pipe bgﬁéh?rf%r%aﬂ}? g%ﬁgﬁ'@%ﬁ{,gp%@ﬁﬂ%@ﬁﬁg&o?%fﬁfe&?&?@ééﬁﬁ%%syI tted
t herein, d.th tical | i i . , ,
nerern ggating Sla\t/iﬁLerI c?r?1 thecgtljjt%r Isagagel g? the stainless-steel-made filter material.
20 Inthe embodiment according to the present invention, pieces of a net-shaped

body of approximately 8 mesh formed with the stainless-steel-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 approximatély 60mm and the average pore size of 20um, and to

25 form a platinum layer with the thickness of approximately 0.3um on the outer
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(7) is equipped with a heater-nounted vertical pipe (9) to heat by the
sheat hed heater (16) a m xed gas passing through between the inner wall
face of the afore-mentioned vertical coupling pipe body (15) and the outer

wal | facesQFfa&@Sfé}b%?éB é‘@%&‘ﬁftr&(&%al m%@lafb}/'ﬁ'nééﬂsat# otr36n§o§?t| con waf er

cl eani ng equi pnent "as c ein a unte Iat eral

coupling pipe c risin ai nl st eel e, out er, pi i nner
pi pe (19) i nser re 'ﬁd‘c’?n??iﬁ) q%me&orgifpefroé@fa[; Hﬁ%léyfi% OF ? alling
a spacer (18) for the m xed gas to pass through, a mcro sheathed heater
(20) woungtairessrgtasanasds dirafian |"]ﬂ$@F'@JI'Sﬂ‘Q&BWﬁdtt%éhQqurﬁﬁ@‘?ntmq@Q (19), and
an alum numfoil-nmde cover (21 ) surrounding the outer 28 peri pher al
face of t methoshef vaperedgpdjticay, buhdnyother methods such siseat ioadlatieg er (20) s
wound is applied for a heater-nmounted | ateral coupling pipe (10). 8. A
rotati®mn glkod chh berappibdrascloagEsng pltinumaner kforhed shdhe putdrai m 2
wherein a lift/rotation driving mechanism (8) for the vertical coupling

pi pe (7) b§ﬁ§cégfm5rnl]g‘§sﬁ§{ pat the hydrogen radical formation/dispersion
apparatus (11 ) 1s maintal ned and fitted at the position where the spacing

of A silicon S,a“ﬁfeﬁheaeiﬁbﬁé'g@%ﬂ FRoE Eop@%'sé‘%a% hfonddt e Bl becomes

0. 5mMm 3mMm enthev couplin owered. 10 9. A rotation
type sili BsHelaisemp ﬁ@ they st b’ﬂ%gﬁ ag])e,fgaathn maleiizlzandiiei n t he
tenperature of the mxed gas to be sup I|ed to a hydrogen radi cal

f or mat i onAYERAGErRATESiZE: fae tidkngseland ﬂ@aﬂn@@eﬁtsma platioan lager axersstat i on
type silicon wafer cleaning equipnment as clained in Claim4 wherein a
hydropgen etd0gml fornation/dispersion apparatus (11 ) is so 15 constructed
that the hydrogen radical formation/dispersion apparatus conprises a

reverse- dbercﬁJ‘rﬂB@l’y QDF@ﬁm@ﬂyaéﬁ%Xlrﬁ@t\élm 3ﬂn{ﬂéé9€c%)é' Hb%v@PQﬁ‘é ng (23a)

at the center of the upper wal a reflecting plate (25) instal

hori zont a r f ) pped
with a pl m%w@ m?n{”i%\gg@%ea |ng&ca(r?ltpmﬁ'cwg%tpgg'y(te&ﬁ%td'@%ﬂ ﬁg'gr shaped
filter flan wel ded tp t he r en f the upper bod 23
and a pl a@nﬂﬁh@ e e P 3ak O ey pterdhas Walas *%@WBPKP@%%OEQ e
filter flange ( étoforma pl ati num coati ng er. on the porous dISC made
of the st aYeréesg-toe dike ase nobliviedde ¥alugson tbs GZB odiment according to the

.A@ S. AYl . ANl . Al a. AYa. AYN . A@ A@ ASNI . AYu. AYu. AYNl . Al . Aa. Al (. Al a. A;
. AN. Al 5 AYpreséntiniention\butAhepasn Aleudp prpprideNFoeteiniittedi-i épertding on the
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c”a
] ca] ca] cafien]raed aad thataritbtadferlhinglotf the gas G, the external dimensions
d-1/tJ=/ zzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca

] ca] ca] Cab?%k?ﬁ:bﬁ@ﬂ/&f’é rﬁ’%ﬂ:@] I&a] ca] ca] ca] cal c
ch ca

>C){dJ3yntSch} xsni d Z ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

oo CZLCZL# @%@ﬁf@% G IZ0F A Bhcfarfidhien vtrogen radieal; ca ca cal

5 LR SR AT B S S el

] ca] ca] c"a] ca] cal ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca]ca]ca]ca!//////009
0_0002Qy1lower end part of the short cylinder-shaped filter flange 24 by means of a screw

2r 222: 333- 424} 445k55606s667| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]stmjpdmg] mEichahisaj.ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7N777>88869C9
99: E; K; ;; 1<<<<4===
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FFFGGs GGH
JPJJJOK} Xﬁ\%ﬁsz? I'ﬂ/ ota |on ]drlv anl th erf 8% &5 2 cas]aca] caj ca] caj
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Referring to Figures 1-4 inclusive, a wafer 4 to be treated for cleaning is
automatically set and fitted on a support disc 3a of the wafer cleaning device,

10 and the wafer 4 starts rotating at the high speed (approximately 2000 -
2500RPM) by the operation of the wafer support/rotation 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. Furthermore, 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
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position before starting the supply of the said mixed gas G.

10 The mixed gas G supplied to a vertical coupling pipe 7 is heated to
approximately 80°C - 150°C with 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

20 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 together with N2 onto the wafer 4.

A mixed gas G gushed out onto the afore-mentioned filter 26 is heated

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

21
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Namely, gushing out a mixed gas G dominantly composed of N2
containing hydrogen radical onto the wafer 4 rotating at the high speed from the
lower face of the filter 26 hydrogen atoms are firmly and easily bonded with Si
atoms exposed through the pure water cleaning, and thus, a hydrogen

10 termination is thoroughly completed for Si atoms on the outer surface of the
wafer without any mottles.

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
between 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 to 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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because hydrogen radical vanishes between the outer surface of the filter 26

5 and the outer surface of the wafer 4.

At the same time, contrary to this fact, when the afore-mentioned
spacing is made smaller than 0.5mm, it becomes inappropriate because of the
possible danger of the wafer 4 rotating at the high speed being contacted with
the filter 26. Due to this reasons, the afore-mentioned spacing is set at 1mm in

10 the embodiment according to the present 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 60mme rotating

15 atthe speed of 2000RPM is perfectly achieved by releasing the mixed gas G
which temperature and flow rate are 250°C and 30SLM 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 80mme 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 H2 and

N2

25  Containing H2 of 0.1% is supplied to a hydrogen radical formation/dispersion
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() \s\)hen awa erte dried and treated for the hydrogen termination with the

silicon wafer drying device 1 in the afore-mentioned embodiment is left in the
10 cleaned air for natural oxidation, it was found that no significant change in
appearance such as discoloration is noticed on the outer surface of the silicon
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 identical 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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neighborhood of 2200Cm™) by means of the so-called FT-IR (the ATR method).
Referring to Figure 9, there is shown a result of measuring infrared
absorption of Si-H on the silicon wafer using the FT-IR-ATR method
immediately after cleaning and drying treatments are conducted by means of
10  the method shown in the afore-mentioned embodiment employing a rotation
type silicon wafer cleaning device in accordance with the present invention. 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  130°C through the afore-mentioned hydrogen radical formation apparatus C to
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Si is exposed after the pure water cleaning, are perfectly bonded with H atoms
so that the outer surface of the Si wafer can be maintained in stable conditions
for a long period of time.

As explained above, the present invention achieves excellent, practical

10 effects.
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5 having a silicon wafer drying device (1) comprising a gas supply panel (5)
attached to the afore-mentioned case body (2) to supply a mixed gas of the
hydrogen gas and inert gas containing more than 0.05%Vol of the hydrogen, a
mixed gas supply pipe (A) coupled with a gas mixer (14) of the afore-
mentioned gas supply panel (5) at one end, a mixed gas heating device (B) to

10 heat the mixed gas in the afore-mentioned mixed gas supply pipe (A), and a
hydrogen radical formation apparatus (C) equipped with a platinum coating
film to form hydrogen radical at the gas contacting 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

15’ formed with the afore-mentioned radical formation apparatus (C) 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).

2. A rotation type silicon wafer cleaning equipment as claimed in Claim 1

20 wherein a 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 lateral coupling pipe (10) coupled to the other end of the said vertical
coupling pipe (7) and supported horizontally and a lift/rotation driving

25 mechanism 8 supports the afore-mentioned vertical coupling pipe (7) and is
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higher than 150°C with the afore-mentioned mixed gas heating device (B).

4.  Arotation type silicon wafer cleaning equipment as claimed in Claim 1

wherein a hydrogen radical formation/dispersion apparatus (11) equipped with

a platinum coating filter fitted to the front end of the mixed gas supply pipe (A)

10 is applied for a hydrogen radical formation apparatus (C).

5. A rotation type silicon wafer cleaning equipment as claimed in Claim 1
wherein the mixing ratio of a hydrogen gas is set at 0.05V0l%-5.0V0l%.

6. A rotation type silicon wafer cleaning equipment as claimed in Claim 2
wherein a vertical coupling pipe (7) comprises a coupling pipe body (15) and a

15 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).

20 7. A rotation type silicon wafer cleaning equipment as claimed in Claim 2
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

25 inner pipe (19), and an aluminum-foil-made cover (21) surrounding the outer
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face of a platinum coating filter (26) and the upper face of a silicon wafer (4)
placed in the opposite position thereof becomes 0.5mm-3mm when the
vertical coupling pipe (7) is lowered.

10 9.  Avrotation type silicon wafer cleaning equipment as claimed in Claim 3
wherein the temperature of the mixed gas to be supplied to a hydrogen radical
formation/dispersion apparatus (11) reaches 150°C - 300°C.

10.  Arotation type silicon wafer cleaning equipment as claimed in Claim 4
wherein a hydrogen radical formation/dispersion apparatus (11) is so

15 constructed that the hydrogen radical formation/dispersion apparatus
comprises a reverse-dish-shaped upper body (23) having a mixed gas inlet
opening (23a) at the center 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 filter flange

20 (24) welded to the lower end face of the upper body (23), and a platinum

coating filter (26) fixed on 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

materials.

25
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