;e3el p\6Tzj Rotation Type Silicon Wafer C eani ng Equi pment BACKGROUND OF
THE INVENTION 5 1. Field of the Invention The present inventio tes to
a rotation type silicon wafer cleaning device to be used Wthimwmﬁi@@ummﬁmmr
fabrication equipnent and the like, and nore particularly to

type silicon wafer cleaning device making possible substantial qual®ety

i nprovenents in the Rotatiort Fype/SiicabWafer Cledrtieg Eqaipmeentsur f ace of t he
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 ~5 The fabrication of

sem CondLﬁAERﬁﬁm%ﬂ?nﬁ'lﬂ\}ngmt S wWth a cleaning treatnent of a
wa an

silicon €n various treatnents such as the formation of a Si 0

filmand the |I'_J{q 0 thf: sil.icon wafer are applied after the cleaning
treatﬁent—l:er—é?—gﬁriv—'ﬁ%—"l—r‘?@h@-ﬁW ¢ nt for silicon wafers, the so-called
rotation type 20 silicon wafer cleaning device has been broadl y. enpl oyed,
in that a silidde piesent ipventian walatesdo adotationtyee sticon yeafer eaaningi de t he
device body is rotated at high speed (approxi mately 2000 RPM and chem cal
cl eani ng deyice to sinkecwithysinuitondudtor fabridatiordeghipment andrtbe dikepandsed
thereon. After the acid cleaning treatnent, a cleaning treatnment with pure

water is rﬁdfbﬁ‘ﬁartléﬁl‘érIX%Hrbtétm t§hé lsm@en%féaél@énmg dvicedmaRinge rotating at

the high speed e outer surface of a silicon wafer treated for

cl eani ng stsiblé Gbst%ﬂﬁ& allt eﬁrﬁ@h@eﬁ%ﬂ d |HQEQ(?9€<?W§QBM%?5’A|I&|H%%é on type

S|I|con er ¢ ean|ng on the so- yer i s exposed

RSB AR e B BB h&@%@éﬁa@%@eﬁ# Hon

treatment has been_ performed. The aimis tqg 5 obtain a hi st abl e

cl eaned dheomer syriacsf th?rﬁﬁ'P@”éNQf%th&Whﬂ@qiry@ RfOGESS ?g éP?@'&"QI y onto
Si. As the result, it has been said that there will not occur the so-called
nat ur al dsicdmp‘leh&don the surface |ayer even when it is left in the air over
a long period of tinme. 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 naturally forned on the outer surface

with the 4apse 3’50!#‘5—@@5% Iﬁv@t@“ ng is performed. This nakes it

difficult mati on of the aforenenti oned oxide film
t h f th

i reance o SRR OR T Ao R RRRAR AR AL | o

20 It is an opject  of resent i nve on tqQ provi de r ot type

2011 bon vElpannbiiEatnRg! Gha SlEoh asb AoR. ST Neale eefiBatts SHEh 29 Re; Loi t i es

with this kind of conventional rotation t?/pe silicon wafer cleaning device,
that is, faveatiomef afiGim ang the likerothesilieon waferiarmappliegaétebthe he out er
surface of an wafer with a | apse of tine, the formation can not be
ef f ect i vetlgapingtmdtment.del ayed. 2s Enhanced stabilization of the outer
surface after a cleaning treatnment is 2 performed by means of providing
the conventi ongtor @éamihgtrelatd@nt'dr 8lliceh @RiTeRY 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

1 A
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device with a novel wafer drying device. Di sclosure of the Invention 5
Previously, with the conventional rotation type silicon wafer cleaning
device, it was assuned that hydrogen atons were bonded with Si atons on the

exposed %@Emgp{i&'&‘céﬁ\%rﬁwbﬂ%tﬁdﬁﬁ@ﬁté’sti)IFcBHS\'y]@f@?eriaﬂg}gsaé\néé,ii’ri?béﬁf t he

silicon €r arter a cleaning trea y achieving the so-ca

hydr ogen term nation on all the Si ato on t r r e wafer.
10 Howevdhe SP; ﬁgépﬁﬁ?%% |§)%g%sfﬁdt§ﬁgquoggﬁr§g%g(ﬁr§§g}1§§§ Vﬁﬁaﬁhgei t her
the inconplete treatnment of the hydrogen term natiop.of Si qgn, the

af or ementexpased Siatams.thug eutting theoyten syrtacenpa senaition waersiathy ea-
termnation would cause relatively |low stability of the outer surface of

t he waf ercalleé fiydrbgeant terrmmationrreatmienhhss beeapedormege Tiee aim i toani ng
device, and reached an idea that long 15 termstability of Si on the outer

surfage ight&iRARIGAR SWbleRNdsndd&lrfadeewhislitagpuré atomsahd ahe likeat mnent of Si
on the outer surface of the wafer after pure water cleaning is perfornmed in

an at "SGR dirBeti pfres )Ad 4GB, hRAs BBEAAGII that Her Xl ABE",

i ncludi ng radicali ze thus 1'ncreasing bonding of Si atons with H

atons, and the numbe f _unconbined S ,at 2 . Silicon
2t oms bortiekr 114 10 Pl nativaaRAtEno i SH & e r Sl FREh 1 i s ame
time, a rotation type siljcon wafer cleaning device has been devel oped to
enbody t HBe & ever @ang Hediod afdiMfer of stabilization tests have been
conducted on the wafers cleaned and dried wth the device. The present

i nvention has been a creation based on the afore 25 nentioned i deas and
tests. 3 A first preferred enbodi nent of the invention is a rotation type
siliqon wafer Hmasvargevaviith avdilicdn wafetdidated for disaning withdhisydnd gén
termnation treatnents on the outer surface of the silicon wafer 4 and is
provi ded ﬁ&étﬁnatgpﬁfsﬁiboﬁ 8f tlebRindldevitel it i¥ lobSe AR thEt &n bRRfedRmAscase body
2 to clean the icon watfer 5 wth pure water after chem cal cl eaning,

At ached '?ai&h%]aﬁ@:eﬁﬁég Badfe bn?edd%ﬁ"&%?yﬂﬁi%bgh%gggi Ogsaaffeﬁ@gsr%%@ﬁagg;
i xed gadbartamen oiHE ek s B teveitdon prbraiormalon 28 e §ore T4 of "t he

afore-nentioned gas supply panel 5, a m xed gas heating lo device B to heat
t he ni xedngationedpydetiitim ng mattenbawiwelbenyiorsaeakcandiidng dicpe A, and a
hydr ogen radi cal formation apparatus C equi pped with a platinumfilmat the
gas aent agsresegtedaiot thehmaivendnce of the wafeper at ure nmi xed gas heated with the
af ore-nmenti oned m xed gas heating device B is contacted such that a m xed
gas contai ni ng hydrogen radical formed with the afore-nentioned 15 hydrogen
radi cal formation apparatus Cis gushed out onto a rotating silicon wafer 4
after cIeggi@ggR@Qgﬁqqﬁgmﬂvgﬁﬁ?§$[ed enbodi ment conprises the first
preferre o that a m xed gas supply pipe A
conprises a vertical coupling pipe 7 supported by the case body 2 such that
it is free to nove up and 20 down and also free to rotate in the direction

of the periphery of circle, and a |ateral coupling pipe 10 coupled with the
ot her end%ﬂﬂé@%l@ﬂi cal coupling pipe 7 and supported horizontally,
and at the sane tine, the afore-nentioned vertical coupling pipe 7 is

mai nt20 ned It issan pbjech okthgppresentioventiorutoaprovidera eotation gm%hcqm waterpositive

and reverse directions by nmeans of a lift/rotation driving 25 nmechani sm 8.
4 The t 8ekfing &ivide Rowsrbotierths tafererpentiesed diffidultiest with dfis kineidof

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



enbodi ment constructed so that a sheathed heater installed at a part in a
m xed gas supply pipe Ais used as a m xed gas heating device B, thus
enabling to heat the mxed gas to nore than 150C by enpl oying the said

m xed ga ; s the
first pr errega bﬂﬁ%g?ﬁ%ﬁ p dﬁg:t%éng ﬁ{ti%héﬁﬁ);%rog %ﬁgg@apm&tlon
apparatus, C.is de to drogen radical formation/dispersion apparatus
11 equi pﬁ’@é{%\?"ﬁ?ﬁ r}ﬂ"&“"’ﬁfﬁﬂd}}é@g M8 ter fitted at the front end of a

m xed gas supply pipe A 1o The first preferred enbodi nrent nay be so
arranged that the mxing ratio of a hydrogen gas is made to be 0.05 Vol % -
5. OVol % The second preferred enbodi nent may be so arranged that the

verti cal DRisclpsumegpfghednvertdiompri ses a coupling body 15 and a sheat hed heater
16 inserted and fitted therein and is provided with a vertical coupling

pi pe 8 which 1$’rébib0§lz withithee dogasntional wotatidir typelsilidon wafec eldaeingeen t he
inside wall face of the afore-nentioned coupling pipe 15 and the outside

wal | f aCG‘d fc f\QNéé‘ﬁ@él{fﬁgd mt%rééértﬁto% Werd Benddd With!'® sibwaidreeheat er.

The secon ré erre odi nent” may be so arranged that a heater nounted

an ?Lﬁ'erc"”% Q&%Pﬁ?%ﬂ%ﬂyﬁff&@?&?'tﬁé?éﬁ?@ﬁ%ﬁamioﬁfﬁeﬁ%“ Blea’to

allow the mixed gas to_ run throu mcr sheat H?& MSater 20 wound around
the out erW?féfﬁﬁ@E6|C|%n"%91€e?§ﬁ'ﬂ@?tgfb'§fg"e‘ﬁ'ﬁgi hg seicalled hHdROgeN- made cover 21
covering the outer perineter of the outer pipe 19 around which the mcro

sheat hed tazainatioa®ni all the Sidtoms orhibesudensurfacs efithegvafgbodi ment further may
be so arranged that a 5 lift/rotation driving nechanism 8 for a verti cal
coupliong pi pe Hdodwewarsinivbrtore of theapresenpinventign pave discetrieal that eiglierogen

radi cal formation/di spersion apparatus 11 is maintained and settled at a

pl ace Vmethé%cdrﬂﬁle?@ﬁébﬁ‘ﬂeﬂ%f‘ﬁ@H?/Gﬂb@eh(léﬁhm%ﬂbﬁ@ﬁSl eh the Bfgrel num coat ed
filter 26 and e upper surface of the silicon wafer 5 4 facing the filter

2 ves 3/2%”{@%0@5@65}@#8@? PRELSHS IR Thniadre raﬁlﬁﬁn%i‘ﬂgfed e
p?;?&“g?paéi%gg[sjoylﬁwss%ﬁ@h fg{%@bﬂb%%%r}g% W %gtﬁeqt @\@gle ourt

formation/ di spersion apparatus 11 conprises a reverse-dish- shaped upper
body 23 heanvegtianalinetadiogdype waser dpaningglevie, andraachachar ideg that lgser wal |,
a reflecting plate 25 installed horizontally on the | ower face side of the
upperi shoderiaStabitityteh\Sig theputerasurfaceds ephanped byaméans that theckydreganar ound
the outer perimeter, a short cylinder-shaped filter Flange 24 wel ded onto

the | overtehBirlidnttédiaent of S b thpoeter Baekcd 3f tanwater pitat patwatet ed filter
26 fixed on the lower face side of the filter flange 24 formng a platinum

| ayer on i A BRI EF
bR i SRARBE P HRHHF HEHS stpoSoer StifeT upbGR) QIcH A% R9) BYBEIR, 21 g
device il] atin n .enbodi d|n to tion.
Figure 2§ &yﬁrpg%ﬂngpg@g\;@g{ﬁ”ﬁ q;ﬁéﬁrpg Sgl[}’%@%f?\ge&i‘%@@@
illustration taken on line A-A in Figur 2,

atoms with H atoms, and the number ot uncomblned 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.



Figure 4 is a schematic sectional illustration taken on line B-B in Figure
25 2. 6 Figure 5is adiagramillustrating a conposition of a gas supply
panel. Figure 6 is a schematic sectional illustration of a heater-nounted

verti cal &%gh?%?grrga %ﬁ@iﬁ%hfoﬂh@ﬁn@erﬁﬂéﬁg@t rio‘f%tﬁil?f;t&gg%ﬂicohlv{ré@; ration of a

heat er - nount atera coupl rng pipe. Figure characteristic curve

di splaying the relatiqn of a.t ergture a reaction r.atio e
reaction cgqamwpsygﬁ V@E?W‘ 99?%‘&&%@@ &g QFaﬂ‘Mﬁ{%fPatP{/Elf?t'8H&’e§@8§ﬁ. Fi gure
9 is a characteristic curve of the infrared absorption of Si-H on to the

si | con wu¥tbe quiekenriace of thesdicon wafer dgnd is drayided with @ walement i s

achi eved according to the present invention. List of Reference Letters and
Nurrer al s sUppartvbtetionghivirggevige Biipsids a\tasecbadys? e ateanghédsilicos vafely dr ogen
radi cal formation apparatus 1 Silicon wafer drying device 2 Case body 20 3

Vaf er 5s URMAEH plfeOlvater @ftef Eheitgl BRaRRTY, havisy Silipor aflersdryisly ddicd | on
driving part 4 Silicon wafer 5 Gas supply panel 25 6 Fl exible coupling pipe

7 Verti Cad&m%a a%ieéi%gﬁfkgéﬁéllﬂgﬂé’érieﬂgo%é‘é%? bgggglatpi SUPply Aedked - mount ed

verti cal ater-nounted | atera ng pi‘pe 5 11

P cssur o G SRR oaR st BB PR A wG o GhaH OB TR Sl

Gas m xoranEoAT e G VHEH BeRPIY SIDRA G B6 pars RRURSH VEsA oLt | e
openi ng 15c Lead wire draggi ng-out opening 16 Sheathed heater 20 16a Heat
gener at i cyaspaixer 18ofthe afaretreentionedgapsepplg Panekbd, a orixehgas heating
10 device B to heat the mixed gas inside the afore-mentioned mixed gas supply
pipe A, and a hydrogen radical formation apparatus C equipped with a platinum
film at the gas contacting part wherewith a high temperature mixed gas heated
with the afore-mentioned mixed gas heating device B is contacted such 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.



16d Lead for thernoelectric couple 17 Quter pipe 25 18 Spacer 8 19 | nner
pi pe 20 M cro sheathed heater 21 Al um numfoil-mde cover 22 Union joint 5
23 Upper body 23a M xed gas inlet opening 24 Filter flange 25 Reflecting

pl ate 25a Gas i Wfd ; i irbfjer DETAI LED
DESCRI PTI ON Gﬁhgﬁﬁﬁ\l@%ﬂ% éllﬁgo#@]e%g\?\ngn Igﬁggﬁﬁ@gtrt\? gefigﬁbgccordance wth
the present, i nvention .ar escrib ] t.0

dr awi ngs _enit%ocﬁfn&qi EOEStF%C%%gPPgﬁ%t %g@gﬁhga ﬁgsg%rm‘%tgﬂé%gé%%ﬁ%cao’rﬁﬁ’!\%/g’f er

cl eaning device il]ustrating an enbodi nent  accor di o the, present
i nvent i ordassUphEPipeAissgdRs §iniked 0ag agagid@‘gl_ceg,g}h% egap %?%chemat ic
sectional illustration taken on line A Ain Figure 2. Figure 4 is a
schemat i eat thesmixad gas takene thar 15@°Bbpempleyiga tke gaidimixed gas heatnot ed
that any type of cleaning devices can be enployed as long as it 20 is of a

r ot at gon davige Bven though a so-called single wafer processing cleaning
device is described in the present invention. Referring to Figures 1-4

i nel usi ve, 1 detepaihprateed GBouficH: cBrides iRy iRt prdefregase body, 3 a

waf er support/rotation driving mechanism 4 a silicon wafer, 5 a gas supply
o1 or dmbodiiert s Sk BbheR iRy fofet FAdbaRbmfatin, apfreliClE, P o
For mat i orMaRe g e oy ipgen sedlcal Tartaton sae B aeParatis Lhegherelsi "o pe
conprising a flexible couplin i pe 6, a vertical coupling pipe 7,
heat er - mnwdumqate@filtebﬁttﬂdg agthgifwt@,ndaofrae@ﬂ@dmmmiy pi@eNal coupling
pi pe 10 and the |ike,
10 The first preferred embodiment may be so arranged that the mixing ratio
of a hydrogen gas is made to be 0.05 Vol% - 5.0Vol%.
The second preferred embodiment may be so arranged that the vertical
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



5 B a m xed gas heating device installed on a part of the m xed gas supply
pi pe A, and C a hydrogen radi cal formation apparatus installed on the
down-stream si de of the m xed gas heating device B. The afore-nentioned

rotati On\;\igzrgfatﬁwdr&%”@cﬁém‘%wg%r@vgﬁiY:E\FEOLﬁigP%'ﬁ@# 18X tha ikl @

silicon rylng tdevice conprising a a 0 mentioned gas supply

panel 5, a mnj.xed. S I i pe A, ] xed _gas, heati. ] .

Ry ogen COMEIINGPRRoF sadveh BypatselealitheHaT e RRr iR ahBElsiEs f1 i i on
driving nmechanism 3 for the wafer 4 conprising a support disc 3a, a

rot at i on radintaingd pad seliledaia plasewhesea Weaiﬂagl?& b%‘%@[‘tth%‘?‘?’%rrmvi ng devi ce
(not illustrated) for the wafer 4; an automatic carry-in/carry-out device
(not 15 idurfasercdiaauiftiium ooatedifilter264and theeuppgrrawfageafdee siioon waferst r at ed)
for chem cal cleaning agents such as hydrofluoric acid and the |ike; a

j et - spr ay fRic®e(Mer will b DLsmhed3mher cl eani ng water such as pure water
and the like; and the like in the case body 2. A detailed explanation of a

waf er supportl!r § YA . i o3
PP "?'Feat‘ns up'ira ﬁrgfgrﬁségr%gﬁgﬁg?ﬂit%ﬁbg QRN thet 4 Afixed gas

af ore-nmenti one po rotation driving part 3b,

out devi demrsraire R SHBRISEE B8 shodey Bl SR BRBsort e g
agents, a jet-spraying device for cl|eanj wat er such as pure water and the
like is (ﬁﬁﬁﬂr%*ﬂsh@r'&m@'ﬁt%&%%&q |¢ey§Q¢J39-pub| icly disclosed. 25 The

af ore-nmenti oned gas supply panel 5 installed and fixed on the side 10

part inside a ciwefondtyprefestgshémbedimentreay baso@reangad thatathygeegen t h no
reaction with hydrogen (such as N2 gas) and H2 as illustrated in Figure 5

t o a ibydrragival foreHatioh/dispersionappdiratos rdi comprinesr siteveerde-dishrshagieda mi xed gas
supply pipe A conprising an the after-nentioned flexible coupling pipe 6, a
vertical Lﬁ.)t ?%PZ[% RAIRg & mkeBsAhIORBRINY 23 4t thelceptatdfingppérpe 9, a

e er

heat er - no al coupling pipe 10 and the like. In the enbodi nent
accordin . IR\ ' Ly [ gas supply
panel 5 %M%‘Rt%%?lle%@jgr%ee?gdggé‘l?&ngphieoét%yggg@&%Ndé;jcfé&gﬁyﬁéﬁ? there is
no need to say that. th can be installed outside the lo,case b 2.
Further, YRPEHHOWHbhan ﬁY'”Q@cBIFEﬁr']ﬁ 0%83%83[5}“%%@?&Of'f‘fﬁ?érﬁ$%ﬂr,°%‘§%?ng of
the after-nentioned mxed gas Gis perforned at two separate places, that
is, a heaower petumeter, @ shortaylinderughaneg filtes&langmas welded eptodhedewar | at er al
coupling pipel0. However, it is also possible that heating is perforned

ei t hars atendsuffaceref theasiper-bodyr23 dnder platintimomnaied filep2@éixed on the t he

| atter 15 heater-nmounted |ateral coupling pipe 10. Furthernore, in the

embodi menfowaf ¢aElsiag dftnd fiIReARHRIM4 forkiy hhatirunviayed opahe pordisdisdevi ce B
is formed by heaters installed on a vertical coupling pipe 9 and a | ateral

coupl i ng maag (#% stlépmﬁéé%teef-%‘ﬁtér% W?étiaﬁé‘l.()f a m xed gas heating device B
ype. so,

can be of any elther an indirect or direct heating 20 net hod
can be applied to heat the m xed gas G Concretely, as illustrated in
Figure 5, the afore-nentioned gas supply panel 5 is formed by a N2 supply

|l i ne conpri s!EEg a 8ressure regul ator. 12a, _a pressure gauge 12b, a nmass flow

control | eBR RIRTION QF IRE BRAWINGS supply 1ine conprising a

pressure regul ator 13a, a pressure gauge 13b, a mass 25 flow controller 13c
and vad ves 13d Eigurel 3ds adrant aieyasf aiweder dganipg dexiceniiusipating 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.



In the enbodi nent according to the present invention, it is so arranged
that N2 and HZ are m xed inside the gas mxer 4, and a m xed gas with N2
and Hz containing 0.1 Vol%of H2 is supplied to a hydrogen radi cal

formati on/ di spes §i J : L he o f j |y 30SLM
(liters per m f@]ﬁ&ﬁ%ﬁ&g@éﬁ#%}%’ﬁeé%d?<{+g¥]\’ss|§|8ﬁ Isﬁlgt%ag%gff[)ﬁve@e%ti oned
enbodi nent accqrding, to the present. invention [ n_radi,cal

f or mat i on/ di sp§%r8% 'épapﬁ‘rt‘}}ﬁrﬁ%t'cﬁeqt'r?g?gﬁ%{tﬁatéqn &h%“g?geﬁ’?n%lﬁ@ggf t he
down-stream side of the m xed gas supply pipe A is enployed for a hydrogen
radi cal fvertiagl corplifjHriP8t us C. However, the said hydrogen radical 1o
formati on apparatus C can be of any construction as |ong as the gas
contacting par fFigure 7aisn seftergatic Sedtonad iiuppratiowot & heatdranountedflatenal Ther e
is no need to say that the hydrogen radical formation apparatus C can be

i nst akl e¢opplipgypigd.ace as long as it is installed down-stream of the m xed
gas heating device B. 15 In the afore-nentioned enbodi nent according to the

present § nvent il 3% ShalRi BB R Splbiind B BRBAGIA oS 1] ow

controller 13c oy one for t wrate of 50SLM and one for the

flow rat f 100 re ' S .ndi AL es
express ef}eﬁwe#%?q?%ﬁ@ %%ﬁﬁé'b}yﬁgs/%te@# %gwmmdrﬁﬁéﬁ gkg\ﬁ%%&g{yé@%di tions.

20 In the enbodi nent according to the present invention, the mxing ratio
of Hz in RIAEYMcatplysis andioXygen. at approximately 0.1 Vol % It shoul d be
noted that it is desired that the mxing ratio of H2 is set at around 0.01
- 5. 0Vol % f or tAigunectsomshataateristic dueneedf thie infraredcatidosptiory ar Sigbron
termnation treatnent of Si will not be enhanced due to the fact that it is
sat unat edhand the volune | oss 25 increases even when the mxing ratio of Hz
is raised to higher than 5.0vol % 12 while the |evel of a hydrogen

t er m nat i Gy FRng=tel ately Atdr! ina8oh trestmhentii9gachiie@ of H2 is
| ower ed bée?llrlbé)tvrj\g.am %Fnt Iaetrggb%{/nér;ékmrblg?ﬁg?ﬁli cult to performthe hydrogen
term nati : maki ng the treatnment nore tine-consum ng.
5 1n the %%%@ﬁﬁéﬁﬁ%@%%@‘?%ﬁé@?he present invention, it is so arranged
that a mxed gas Gwth a flowrate of 30SM. is supplied to a hydrogen

radi cal formation/dispersion apparatus 11 for 2-3 mnutes for the drying
treatment of a wafer 4 with the outside dianeter of approxi mately 54mtpas
expl ai nedLig SFeNGe/ o pndoNURerS di anmeter of a wafer to be treated is
not limted to that in 1o the said enbodi ment, and the flow rate of the

m xedsgas to beAsMipdd gds eapplypipe

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



appropriately adjusted depending on the outside dianeter of the wafer 4 to
be cleaned, the tinme for the drying treatnent, a tenperature of the m xing
gas and the like. In the enbodi ment according to the present invention, a

st ai nl ess- st egl j t with the outside dianmeter of 35mmtp, which
i nner surfacg;ei s%grfézc%r?%%ﬁgcﬂapﬁy polished, is enployed for the

af ore-nentioned flexihl e I I 6, and, as illustrated in Figure 1,
and secured r mgﬁﬁ%ﬁqﬁ&m@ b%hgh%%%t side of the gas supply panel 5 and
the lower end part of the vertigcal coupling pipe 7. 20 Simlarly, a

stai nl ess- st €2l m@&eer‘PHmteﬁ'eV%Uﬁ%iCHHpﬁi’% er of 6.35mrcp) which inner
surface is electrolytically polished, is enployed for the afore-nmentioned
vertical couplQ nileateremaunteddatengkeoupliagipiPér verti cal position inside the
case body 1, and supported rotation-free and traveling-free upward and

downwgr d t heref o Hydfrodérneidical fdrenationédispensiophepdratusr f ace of the | ower end
part of the said f3 vertical coupling pipe 7 engaged with and supported

by the after-yepplanigde Féddiatopt ation driving mechani sm 8, thus nmeking the
verti cal coup@g pi pe 7 ésqétge upwar ds and downwards within a prescribed

di stance (app I in the enbodinment), and rotate both forwardly
and reverse ti)%ﬁggépsgk‘%(géggg}ﬂ 5 direction within the prescribed range of an
angl e (appr oxi el Oi n the enmbodi nent) with the operation of the
lift/rotati on%g‘?wséé%% Fﬁei fh The after-nentioned heater-nount ed
vertical coupling pipe 9 is connected to the upper end part of the said
vertical coupliltZ§pidsValves hus form ng a passage for the flow of a nixed
gas Gin the vertical direction with 10 both coupling pipes 7 and 8. The
af or ggnent i oned 3a Ptelssateateguhatdr i vi ng nechani sm 8 all ows a verti cal
coupling pipe 7, a heater-nounted vertical coupling pipe 9 and the like to
slide to up andigioppeaneb gaigtions, and the shaft of a vertical coupling
pipe 7 to rotate forwardly and reverse for the angle 8 to the peripheral
direction 15 ( L | Q. the enbodinment). It is so constituted in
t he enbodi nent %@égg@égt%ﬁuggupl ing pipe 7 is slid upwards and
downwar ds by rre‘a&i%ﬁ%ﬂ{:/onbi ning a notor driving part wth a rack nmechani sm
and the vertica ﬁ'deﬁi pe 7 rotates forwardly and reverse for the
prescri bed angi]I e of Ato the peripheral direction by nmeans of conbining a
not or dri vi ngl$ar@asmi¥era gear 20 mechani sm The af or e- nenti oned
lift/rotation driving mechanism 8 can be of any construction such as a

li ft/1sot ati on18r iCouglinggaipabiodyn 8 with an air cylinder type or an oil
pressure cylinder type. As illustrated in Figure 6, the afore-nentioned
heat er - nount edsy €4dd ipfdt openih@upl ing pipe 9 is forned with a coupling pipe
body 15 and a sheat hed heater 14 16 housed in the coupling pipe body 15,
and a gas inl PN i gas outlet opening 15b and a |lead wire

dr aggi ng- out gggnl ngblﬁlitgect rg"]@nstal | ed on the coupling pipe body 15

St ar ol ess. st edrC AR IR ACRER OB RN ace, ' whi oh outer di ameter s
19.05mmep and | ‘%‘%hesa%égﬁgater
20 16a Heat generation part
16b Thermoelectric couple
16¢ Lead for input
16d Lead for thermoelectric couple
17 Outer pipe

25 18 Spacer



is electrolytically polished, is enployed for a coupling pipe body 15, and
a space nade between the outer peripheral surface of a sheathed heater 16
inserted and fitted to the inside thereof and the inner wall surface of a

coupling pip o] forms a fl ow passage. Also, a stainless-steel pipe
wi th the out g‘r@dﬂgnﬁ%rﬁ)ééé)of 10 6. 35mtp, which inner wall surface is

electrolytic y.pol i she s enpl oyed for a gas inlet opening 15a and a
gas outl et o?edui h@crﬂ—) _ea(%h%d B?ﬁ@-manti oned sheathed heater 16 is forned
with a heat generation part 16a, a thernoelectric couple 16b, a |ead for

i nput 16c, a 4kadlyBinumoi-MAdeFavVEEt ri c coupl e 16d, and the like. In the
enbodi nent according to the 15 present invention, the one having a heat
generati on pa22 1Bwonjaimt capacity of 20V and 200Winserted in and fitted to
the inside of the stainless-steel pipe with the outer dianeter of 12mtp is
enpl oged for 2he pearteed heater 16. The capacity of a sheathed heater 16
and the effective sectional area of a fl ow passage inside a coupling pipe

body 15 are ] i |y 20 depending on the flow rate of the
PY S EFGas R RIAMG

gas passing through i eater-nmounted vertical coupling pipe 9 and

t he degree ang, vel.oci f tenperature rise and the like of the m xed gas
G In the enbn%hi ?gﬁ%%f%ggrdi ng to the present invention, two pieces of a

sheat hed heatzg 6 e uigpgad with a heat generation part 16a with capacity
of 25 200W ar€’e f@;@ﬂ PBeat and raise the mixed gas of approxi mately
30SLM 15 (H2 0.1 %and N2 99.9% to 100C - 150C within 5 - 20 seconds. O
course, any g&%a Gas permeatingyasificenst ead of N2 to formthe m xed gas as | ong
as it does not react with hydrogen. In the enbodi nent according to the
presant i nven2é orPlatngasoatddetiitds opening 15a is installed on the | ower part
of the outer peripheral surface of the coupling pipe body 15 used for a
heat er - mount ed vertical coupling pipe 9. Therefore) axes of the vertical
coupling pipe 7 and the heater-nmounted vertical coupling pipe 9 are not

lined Ii rﬁé&h&F%ﬁB‘%ﬂﬁ*%ﬁﬁﬁ mﬁﬁﬁﬁgbot h axes of the vertical

coupl i ng prpe er-no ed ver al coupling pipe 9 can o be
positioned linegrly by.replacing the position of | ead wi,r.e dr.aqggi ng-out
bpeni ng 15c wi L1 1RUOWIS BBRAKTents ga SCEaance Hit the Plesent pgention
af ore-nmentioned heater-nounted |ateral coupling pipe 10 is coupled in a
hor i zont a@repdgscribed hereundearavitipieiereasd tphe de@wWing® heat er - mount ed verti cal
coupling pipe 9. At the front end part, the after-nentioned hydrogen 15
radi aad fornatiRKighd $xea $ionh vieppef aratatidn type sileirawatst ceahifig dedice OF
course, it is possible that a heater is installed inside the hydrogen
radi cal jllustrating 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, 9 a heater-mounted vertical coupling



formati on/ di spersion apparatus 11. Figure 7 is a schematic sectional
illustration of a heater-nounted |ateral coupling pipe 10 enployed for a
rotation type wafer cleaning device in the 20 enbodi nent according to the

present i ' € s I i ng pipe
10 in th ;f‘jrg,%dergW{ﬁ%ﬁ%gh%ﬂ?féﬁ&@?@ﬁ@?@fﬁ |lr(?nn$e1reggﬁ'gtdadl rv":\‘/iet pan out er

di aneter of 6,35 .wWhi ch inner Il ,surface | electrolytically polished,
s suppor DERSLTRPRERIOH AGPaiaE ALT-A AP ObEEE A MRS R Y et £7 wth
the outer dianeter of 19.05mtp by neans of installing_a 25 spacer 18, and
t he out ercqsepriging adflexiile caupling pipRd. ianyrrfica)igaapling pipe b irftar-mipunied

m cro sheathed heater 20 at an appropriate pitch and the upper part of

whi ch i s vertieal @dubling pideu®i amheateoimoutited latetah eouplingipiperitO and thelikey t o t he
present invention, a mxed gas G of approximtely 100C - 120C and

appr oxi e @l mixdddd setivg @slidainetdiédarba ?@ﬂt&ﬁh@ﬁuﬁ@gaygubEWQiip@Aup' ing
pipe 9 is heated to approxi mately 200C 250C whil e passing through an inner

pi pe 19 qﬁ@n@%lg?ggbﬁﬁ‘é?fo%\a%ﬁragpépcﬁ@é el r?fhezé)o%ﬁ-tsg{eﬁgfad ty of

150W an Into the aft menti oned hydrogen radic
formation/.di spersi on aratus 11 fr its front end part. to In the

enbodi nen?'ggggﬁ}edwcfggﬁ hgétﬂ}%é?éﬂ?egﬁventi on, the length of a

heat er-nounted | ateral coupling pipel0 is, mde a% roximately 400 - 500mm
Furthernore, as'hg@ ?1’%@’3@’“95 rpfaéﬁnéxp%smawag gleaning B- nount ed

| ateral coupling pipe 10 travels in the range of approximtely 200nmto the
up and dofarmedyarrangingadilidanovaiep doyingrdesice 20emprisieganafter-t o t he

hori zontal 15 direction respectively by neans of the operation of a

L'i ft /1100t afnieptionksd gh@gpﬁwamﬁ@‘m a hiirée gas supplygsige AQ analketigis heating
heat-insul ation materials not illustrated in the afore-nentioned Figures 6

and 7 ar el Bed rﬁr&%u%mcda%ﬁﬁat@é%%ﬁs ®ahH tAé Iik8ea coupl i ng pi pe

body 15 o e heat'er - nted verti ( ng pipe 9 20 and al so around
areral coumailRindiiho ReguPigt s Tor He et aabbis g A AR opar at us
ateral oo B0 HEVIDE.PaR S AR e Uit iy ahiO TSR FROVInG BEUER gae i s
L v dlnch dlcotathd ) dor eanatal 4105 automatic garry-in/carmy-out devics (ot 0o &t 1S
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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a silicon wafer 4 positioned thereunder. As illustrated in Figure 7, the
af ore-nenti oned hydrogen radical formation/dispersion apparatus 11
conprises a stainless-steel-mde and reversed-di sh-shaped upper body 23, a

di sc-sha e i ; NG i of the upper
body 23 E%gt Ibﬁ@%{)%%@%ﬁ?%%#ﬁ%&%ﬁ@qgéIgltag elra-?ghapedg???‘{@r | ange 24, and
a disc-shaped platinymcoated filter 26 fixed t h ower en ge of the
filter flrﬁgﬁtéprg‘ﬂﬁ}‘ Mﬁ@%ﬁnaés%?@si'\izg%ﬁ%w '32 ﬁ?)&lgﬁrtrag%d |n\rl1\%gl"?eogé?e1 ng 23a on
the center of the upper wall surface of the afore- ntiqne&

r ever se- dVSRaaMIRIE Spraratiovyisnersin aknrratis| hivougita aKed oea Supply
approximately 150C - 250C is led to the inside of the upper body 23 through
t he sai d pipe Aicdnprisingan e 28ar-mEmndioned flexibimeounling pipe 6, shaptiedl r ef | ecti ng
plate 25 is made of stainless-steel, and there are nade a plurality of gas
per meat i ngupling phRs7 25 heaterinhcuritet eertipal tolnsirg piper9, a Rdatesmoentgzer i pher al
edge of the sald reflecting plate is 15 welded to the upper body 23 in such

a state eléﬁt]airél @Pﬁﬁg@%éﬁ@éﬁ%ﬁ@lik@e upper end surface of a short

cyl i nder - shape r flange 24 and the |ower end surface of the upper
body 23. Further t or e- i i t. jlter 26 is
formed by coat ﬁﬂ@'%?ﬁ%@ﬁﬁﬂ?@%éﬁeﬁ?ﬁﬁétt‘g3%28?45%@2n‘g’%}‘ﬁﬁﬁ |§?‘>a§|dn| ess- st eel - nade
filter material, 20 In the enpodi t according to the . .present invention,

i eces orooRsHapiackBabA A3 FPBD BRI BATGIG edTrdayssa RUGS IHe ROt

stai nl ess-steel -nade wire with the outer dianmeter of 1 wmare stacked and
si nt er ed hasyndik Howeyes dheledis g need toa3aoihakiheyr¢an beinstaltesoutsidedhess of
approximately 2 - 3mm the outer dianeter of approximtely 60mm and the

aver gge mouse sodye2.0Fulther, imtie ¢mbadinfentracaomling tonhenpresent imientionhe
t hi ckness of approximately 0.3mon the outer 18 surface of a pore of the

sai d 11| tHdtingofThé afterindhtiofBaMixed gedlis femePdd altwol§éatates no need to
say that the ffrethod to forma platinudmlayer on the stainless-steel-nmade

f
eonet ! cfaE Shack, o b B80T b AT gl 20
IR NN RN BT A LT RN KA B =
sintered 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 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.
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material is enployed as the stainless-steel-nade filtration material, and
t he average pore size, the thickness, and the thickness of a platinumlayer
are set to at 20wm approxinmately 2 - 3mm and approximately 0.3, m

respect i ygly %eh‘i%‘?erﬁén é(gt%rrr(gﬁyw‘i’hé’éréds@t'nmd%nﬁoﬁ it Is' 4 bﬁﬁné@;d gﬁtﬂ]é t he

t hi ckness, e ext er na ions he ‘average pore Si

material as as t kness of ti num/layer..a |ke are not
linmted & ?aées"B’FP W@' 8&%@9‘%%!‘ 2gXed 95e E%R%raéglglﬁ' i nventi on,
but they can be a (ﬁpro rlately determ ned depending on the f]low rate and the
dur at i on aentajoigithyVelde obH21ssupplieddo a h)éd"@QP@ﬂ ﬁ@'PaHfloﬁ@ﬁBP'&/ﬁ§p@fS'an5| licon
wafer 4 and the like. A platinumcoated filter 26 for the afore-nentioned
hydr ogen appdiratak 1 aatrtae fflow rate pbapproxingtplyr 3QSIM (liters; pabminde tuadey

mai ntai ned at and fitted to the 20 | ower end part of the short

cyl i ngder -sitveda donditionsf. ange 24 by neans of a screw stoppi ng nechanism As
a hydrogen radical formation/dispersion apparatus 11 is |owered by nmeans of

alift/rotati og ?\ﬂ ‘é\fd?@ mdséﬁlgodlmﬁwa%@l‘dlﬁ fPthel plasent ihhiéntic, d

pl ati num coat e ter oes down 1 n e neigh or hood of the outer

hough t e Eigpef ] fﬁﬁfﬂ%ﬁ%@%ﬂﬁ?ﬁ‘ao"[?’%bﬁéb%@?ﬁg 'ﬁsst?(é%ﬂﬁ@ﬁef B8 sur  ace

side of the afore-nentioned plati pnum coat ed fllter nd trt]e outer surface
of the wdlfdhe downrsirear, $idaef hednixed9agHUPRY RiREE) 5??5“ oyeq @fn from t he
view point of durability and the like of the activity of hydro en radi cal
formed byhysirogen rddieal formnatiamapparatus Gt |Hpmer,dhecsral%hmdrqgemra t he
operation of a rotation type silicon wafer cleaning device in accor dance

Wi t h 1phe fprraatiov appar@tis Gredarsbevphny vedstriktivaras loggtas the gaseontacting
inclusive, a wafer 4 to be treated for cleaning is automatically set and

fitted oM fRtRPAIYedSLG38 SRLigPed WK 8iplstrkanfing, devi ce, lo and the wafer
4 startsr?ot ating at Yhe hi Sﬁ‘ speed (apprOX| mately 2000 2500RPM by the

t ft t
R e T e S
hydr of | i t h ke b t, to,th 4 rotat
2t the. bi G Gp Al A 5 FBFS SSIpON S BT A SPWRRUeSE O 08 B eFeani ng.
15 pure water cleaning is performed by pure water being jet-sprayed onto
t he out ergauheating devieeB.waf er 4. Detail ed expl anation on the

af ore-nenti oned chem cal cleaning and pure water cleaning treatnents is
om t tiesd her ew tih theafdre-mbetiorestsembbbmbentraeserding to the present invention,

a mass flow controller 12¢ 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 H2 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 - 5.0Vo!% 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 H2 is raised to higher than 5.0Vol%,
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treatnments are well disclosed. 20 Upon conpletion of the pure water
cleaning treatnent, draining is perforned while the wafer 4 rotates at the
hi gh speed, and at the sanme tinme, by having a lift/rotation driving

mechani s [ ; i cal i i
heat er - m%lﬁléé@e\‘jg??lidg ;%Aﬁ){:dorgg?? ?\%b%ﬁbﬁgﬁgﬁ%ﬁ%gg@ | Pr%g%\?éé I\g?%'?al

coupling ,pipe. 10 integrall wdr, di,c LR/l di spersion
appar at ustR?fméPgtrﬁ 0 gﬁt'si%vég@? t?ql(g\ﬂﬁﬁe%{‘%r **}?ﬁé*ﬁﬁﬂgﬁhﬁﬁ gﬁné'g“% coupl i ng
pipe 10 travels fromthe retreaf position (a dotted jneé to tthe operation
posi ti on Re{fasB) the hydregen terminakiamstreatmant prop i Hasing the deatmgBt oper ati on
of the afore-nentioned lift/rotation driving nmechanism8 gets started (or
after an rapre tipeicansuminge of tine), the gas 5 supply panel 5 starts
operating to supply a mxed gas Gwith H2 and N2 containing Hz of 0.1 % at
the flsow rate df tRé®Shidddimentagasdimgtethd présentinventionalk iscsaipirangedi pe 7.

It is desirable that a hydrogen radical formation/dispersion apparatus 11

has COW'tﬁ"aEQ nhi&égjb%\é\@gdimga HowlraR mme%pm%gtbié)n dBLenPaditar ting the

supply of the sard™m xed gas G to The m xed gas supplied to a verti cal

coupl i ng Qi ey I - -\ thed

heat er 1ﬁmg}lénfggsggfsﬁéﬁgﬁbg[ﬁﬁ‘%?@g?ﬁ%@éﬁ%@ﬁézﬁ% t@%?&'%@%@ﬂ%ﬁ?ﬁf pi pe 9.
And, the m xe s,.G heat ed . inside the vertical_,couplin ipe 9.is

cont i nuou‘é’?(}rﬁe‘g@%@%wﬁ@eep‘aémeﬁ%r ?@%@X‘H‘%’i@&@éﬂfﬁ@aﬁﬁgegﬂ'ﬁqdelﬁéﬁf- coupl i ng
pi pe 10 to approximately 150C - 300C, thus 15 being led to the inside of

t he hydr dgeweverthapu iamsieeishwiaterda bepieatad is netlimited & thatén t o Fi gure
7, the m xed gas that gushes in to the inside of the upper body 23 of the
hydr agen thediatdenfbodirmentyandithe floei rate epiver mixes dek totbesigbpledrdandke gas

inlet opening 23a is dispersed by colliding with a reflecting 20 plate 25,

and is | efpd@pkbR| RGBSt ISR 86 td oatsitldiafEtecoptheqvafet 486 bé6 through

gas perneating orifices 25a. After the hydrogen gas is converted to

2/t Pvor SRShSE nRtpiclfordfit BIPG FeAFhOAP AdbrlePr Ry Bl el PGy Bfal T 00"

m xed gas, G gushed out onto the afore-nentioned filter 26 is heated 25 to
t he high thedi&r ature of 150C - 300C (approxi mately 250C in the 21

enbodi ment according to the present invention). . . .
In the embodiment according to the presént 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 6.35mme,
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
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As the result, a mxing gas G turn to hydrogen radi cal when the hydrogen in
the m xed gas is activated by neans of contacting with a platinum catal yst
whi |l e passing through the filter 26, thus the binding of Hydrogen with Si 5

e s e Ve, CB0RINFRRE Blload IRk and SibioBRe ty Be HrEdnéfRbrisdrion nant v

conposed O radi onto the warer 4 rotating at the

hi gh speed . fromthe.lower face of the filter 26 hydrogen at re firmy
and easi ﬁ&/rﬁﬂ A W"ﬂ%mﬁmﬁf‘@ﬂ%ge‘;bb'éé'gﬁk'f'ﬂ?%%&ﬁmf:ﬁgc%’ﬂﬁ'ggv%ﬁg? si]fjgani ng,
and thus, a hydro%en lo termnation is thoroughly conpleted for Si, atons on
the out erupivareg@adgsfownwardsvathinapreseritasd distancedappraximatgly 280matn on of
hydrogen in the afore-nentioned m xed gas G by neans of enploying platinum
cat al yst thamnitmoditneht)c apd rotatebothdoneardvhand réverse tptheapenighesal t he mi xed
gas reaches higher than 150C. In the enbodi nent 15 according to the present

i nventi orgirdckion wathire thas prescribed Pangs afesh gaglenappioximatedy 26tinttee 250C t aki ng
sone margin into consideration. It is evident that the [imting tenperature

to form B8§if‘r{aétrlft)a\ﬁitﬁﬂlne bﬁg@%h@fﬁlﬁﬁﬁ/‘r&aﬂi@@@ri@ﬁgiﬁ\ébﬁéﬁi@f‘n?d in Figure 8

wherein the re on curve between e reaction rate and the tenperature is

shown in case at ter | j : r.adi cali zed

hydr ogen with g&ﬂ?g% e'érﬁﬁl‘{c@i‘%ghgétgfﬁl‘ﬁ‘ﬁﬂ%‘g‘iVISH@S[ §m{n%%f§égf'§ct that the
reaction rate reaches closely 100% when, the tenperature exceeds

appr oxi nefanecteshio ﬁ&%@gdtMOPﬁ%% yertigal QH@FQ@('}?&) WSy radicalized
at the tenperature of approximately 150C. In the enbodi ment according to

t he presdptmingvapaseage tanéheflawiai@ wixed gas Gyiathe articabidicegtion with

formati on/ di spersion apparatus 11 and a wafer 4 is set for 22

appr axi mebathycoliphmg pigesshand 8. be noted that the smaller spacing is the
better. Accordingly, sufficient hydrogen term nation treatnent cannot be

expected when iy §{oPé-MneRtidne@NRTrotRRM dHiMS AIERBNINY8TallbR@™ deaeaxi mat el y
3nm because hydrogen radi cal vani shes between the outer surface of the

filter 26 . . . . '
clont rary ?ogjq?]ﬂgspwigg%E%%h@@pg{e@%ﬁpﬁéﬁﬁe%é?ggﬁhgﬂ?ésﬁl{r%t eélsllrg?al | er
than 0.5 it i _ iate b f th i bl f th
wafor 4 rIBUR RS CRRMIRE TBRIG G S0P R AL SN P e GRERTRG 88 | For 26, Duo
to this reasons, the afore-nentioned spacing is set at 1 nmin

rotate forwardly and reverse for the angle 6 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 8 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
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1o the enbodi nent according to the present invention. It would be
sufficient if the release of the mxed gas Gis perfornmed through the
af ore-nmenti oned hydrogen radical fornmation/dispersion apparatus 11 for

appr oxi - } ; i @m@ j ¢ } h esent

i nventi gﬁ’t@i“ﬁ%&Sf‘ng%g?B?%deB@F% er %n{@ﬁé@ﬁgﬁgg{%é@?%ﬁg%ﬁgﬁs 60mtTp
rotating 1 t the ed of 20 .S .per ly. aclyg e | easi ng t he
i xed gaduelRpeoctcnd s S piouradpP G SpetisB Y Ing bl oF
respectively, and at the sane tine nearly perfect hydrogen term nation

t r eat nenttheicogpling pipe kadyi 12 respestvelir f ace i s performed. 20 Enbodi ment A Si
waf er 4 having an outer dianeter of 60mmtp is treated for cleaning with
hydr of | uori ¢ adn thexethbedineenizacoordingdo the prasenhinvehtion, e eld@inies6BBRPM whi | e
its Si surface is conpletely exposed. And, then a m xed gas with H2 and N2

25 Cost aipip@withzaroinn@r $ufface, whiply loutst diamatdryisino@bmmadindbihner surface
formation/ di spersion 23 apparatus 11 at the speed of 30SLM The spacing

bet ween tiQ‘élédtr‘o‘lﬂcgE)ﬁ géﬁ%éd’,"i’s Shplylellrfof & d&?ﬁné pIpd bdd\$5 e a8phbe i xed

gas G gushed out m nut es cont’i nuously through the space. Afilter 26
havi ng t | r 6]% I IS{‘q'q ksqformed in
t he shapg'ﬁ 8@8%@%&@@?@?@})(35 a s?%?%ér%dbﬂ%géggn@gg%etﬁ% S é‘:é ﬁhégs

st eel - made h net, body, havin ore with apn average size.of 20~ m and
The t empeind G 6 MerinSaefoeraos R heines e s Bhoei busiEomine bRV s e

at 250C. When a wafer 4 dried and treated for the hydrogen term nation with
t he sili ctnforatser flowypnasgagey Alse, a staintass-sieelrpipewithi theauterdiametenaf is | eft
in the 1o cleaned air for natural oxidation, it was found that no

Si gni1i cadB5aimapoehich imereralbsuréaceistelectralytiatly polished) i smpdoyerkfdran t he
outer surface of the silicon wafer even after the | apse of approximately 48

hours. A d&sinlietdpettii¥64 8fd f0gasoutatidpedihg 15b.t he test, a Si wafer 4
processed for the sanme pre-cleaning with hydrofluoric acid and pure water

was 15 made to'g%%fo‘?e-%eﬁt %eﬁ%%ggf%jnlﬁ%é}tgﬁ%llis fﬁ?ﬂme% 9l the

t enper ature of was | et-spraye e outer surface of the Si wafer

f ol tu % f3a oL B AR 1) BB B 164 BB 0yt
S0SLM 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 to 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



The Si wafer 4 treated for drying was left in the cleaned air for natural
20 oxidation in the conparison test, and discoloration due to the formation
of an oxide filmwas noticed on the outer surface of the silicon wafer

after t hgl-lzeﬁ??% Hd RIB@Q‘?@“{/?EF(IS ¢h¥°¢8 18HE Hithiip 5¢ .Od§'é30n§59.'@ftéb%r§§s‘“ t of

t he af ore-merntioned obser on i n appearance, en a drying tredtnent is
performed enpl oying a raotation type. 25 siplicon wafer cleanin j

accor di ngaqyggﬁ‘%éarbﬂgseé'ﬁOY%Q/m?%ﬁ(?f ﬁ? 9 t"fm‘g‘ rmP‘ﬁgtgaffS ﬁgp%ﬁqgﬁég§n t he
outer surface of the Si wafer reach a high degree of hydrogen termnation.
Thi s enab@geaefavithbydrogenf ace of the silicon wafer processed for the
post-cleaning to be maintained in stable conditions for a | ong period of
ti me. General | yn thénembeglireenbécdoydingdethe presembirivention, a gasénlet con outer 5
surface is judged by observing the peak of infrared absorption of Si-H (in
the nei ghtariegdsafis métdliearon tHeoweapartaf tid eute pedipherhl Burfa& of e ATR
nmet hod). Referring to Figure 9, there is shown a result of nmeasuring

i nfrared f&?ﬁ)‘ﬁ ji - bdel fuRIti AL | : -d R- ATR net hod
i mredi ately a\[1 g;d;;?éngg%?Egd‘s’aeﬁgoggae%értrﬁgg?féngn\ft%grtu’iaé?gﬁggﬁl ugitr_)-édg'by means of
lo the hod,shown in

Lype o1 | ERTeiatPeres Suhes et SolBig egCy BTRM fpeter TR b Depleal o "

invention. It has been confirned that in the case that en a drying

t r eat ment CQUPIIRG IR 81Are &ok{ined (IBearY: dAoWeYe 'ti'%pﬁ%?'glﬁrthéﬂbWt%qs@ m xed
gas G containing hydrogen radical (as shown in the curve A), the peak of

i nfrared thes@riical couplingspipe 7 8nd & heateringdunted yepioabgowpling pine Seatk in t he
case wi thout that hydrogen radical (as shown in the curve B). Effects of

t he lmyvenbé posifioaed finearly by réysiacing ke positivanf iadead aviss diaggingwaditer dryi ng
device 20 conprising a hydrogen radical formation apparatus C equi pped with

2. pl ati nughdiihgMBR ity RASsHRIH 664 RS iMar dperingiisad gas heating device B, a

m xed gas supply pipe A 'a gas supply panel and the like is installed

thus aryi ng. nerlarErspyeiieBi el HRntd iR AAaRETION 2007 Dot

9:& ngit ? gpl}égrgp 5{13 5@'}2852 g%%ﬂ&@tvsgt%\otﬁgmptpg? e%fd%ra?'t-éﬁﬂglh%g?gr-r%gﬁt% en

vertical coupling pipe 9. At the front end part, the after-mentioned hydrogen

15 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

16



make hydrogen radical by neans of the catalytic action wth the afore
mentioned platinumcoated film and jet-spraying the m xed gas contai ning
t he said hydrogen radical onto the wafer. As the result, a high degree of

the hydroﬂﬁiﬂcr#a%rh@a | RéatkF ?9%%%%;:2%@5%@%9 @gﬁbéﬂ oPWHIEIPITE 0N

the outer surtace of the silicon n S 1s osed after the pure
wat er cleanin e f bonded with H atons so that the outer surface
of the Si'S&BY%Pd%na%grﬂﬁﬁh{é"%‘d in stable conditions for a | ong period of
time. As explained abgve, the present invention achjeves excellent

practical 1 o dftkgembogynen rdiag ¢p herRepsest inkepipn, 3 WQ@E@S&M con

waf er cl eaning equi pnent which is provided with a silicon wafer

suppor t / rapraexioratelyi N05G - Eranthappeximatelie3CSIcMssypplied threugh& ¢l eani ng
the silicon wafer at the post chem cal cleaning with pure water, 5 having a
si licen viedater-nhoyintegl vierticalecdublihg pipe? iis heated tgappsoxipiatelp208FC(5) att ached
to the afore-nentioned case body (2) to supply a m xed gas of the hydrogen

gas and i789°C WAl pASSIAY MRdgRRINGnhERPIpE. 1@P8)/Rleapt dfBepiBies 8BMIcroa M xed
gas supply pipe (A coupled with a gas m xer  (14) of the afore nentioned

02 =50 i 20, TS ARE I ERHEAL 0 12 P

the m xed gas 1n as su and a

hydr ogen radj.cal , formation,a ratus ((C) equi pped W t | at i.num coat i ng
7V Uo ropRiSRe bRBen draBRr Beliinbizberin ZBprmln dt frfnds ERVERR oh
tenperature gas heated with the afore-nmenti oned m xed gas heating device
(B) touchR&t. thus to gush out the nixed gas containing hydrogen radical 15
formed with the afore-nmentioned radical fornmation apparatus (C) onto the
rot atliong si |l i cdn teakaerbodinenf aesording toltea prespnt inventiph ethedesgthtdfat  dryi ng
and hydrogen term nation treatnments are perforned on the outer surface of
the sili creatarhiunted latéral Colisiingt pips10 Pmadiel dpppoxinritely 400e800Mmequi prrent
as claimed in Caiml 20 wherein a m xed gas supply pipe (A is forned with
a verticat, ssHidredadi 'S Qe b L ) to be
traveli nghf ree udd\%a?%)"'gﬁtéé omﬂ%&§%§%égtﬁjgbmr%ﬁg ?‘%% rﬁﬁgu?%atlﬁ%?%’i rection

of the P prﬁ%cf;ypigef 18'trra(§/|e% inatnt(-:)I 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-insulation 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



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

27 oper@tfidof YafEve gggoﬁga th&raung&up! ing pipe (7) in the upward and

downward directions a rotate 1t to the positive and reverse directions.

aherei n a snarbeluteEin HEE r3?%@%%%?3”%%@%@‘%%{EQSULB y bipe.

(A) is 5 applied for a m xed as heati ng devi,c, t hus heatlng t he m xed
gas to hif§ ?“‘?’HQI«?@%@‘@PPW 3y 1 épemr%sﬁﬁ%ﬁ@éﬁ rsteg-made s i ng devi ce
(B). 4. Arotation type silicon wafer cleaning equi pment as clained in

C ai m 1 werersed-dishsiapgd nppedbedy 28oa gigo-shaptidsigdestingplatp abavalded 11 )
equi pped with a platinumcoating filter fitted to the front end of the

m xed sgastotngowememnd edde of the sppariody23 and théwwppergend padiof ée f or mat i on
apparatus (C). 5. Arotation type silicon wafer cleaning equipnent as

cl ai med iéSy.Qhér-ghépéwﬁﬁ&*frhﬁg@ezmaﬁdrwdrsetsr@pea Fatiii#h eBafeddfterios set at
0.05V01% 5. OVol % 6. A rotation type silicon wafer cleaning equipnment as

cl ai ned 'fkeg @L%io%%ﬁ%%ggqu{é ﬁ@ér fﬁaglgglmng pi pe (7) conprises a

coupl i ng pipe eat heater (16) inserted and fitted

heat or - hount ed NaFBY Cear's i e ¥ ptidTots ir'%w%?ﬁa@nﬁbstcgpt?rf& a

m xed gas passing through between the inner wall face of the
af or e- nenﬂwemrwaﬂtswéace@fdbe|af@'eﬁnpetlmrew@e -dish-shapedrperedy face of

t he sheat hed heater (16). 20 7. A rotation type silicon wafer cleaning
equi preent 23sard ainmired gas G heated totappeoximatély 4H6f CmAGHEds lled tx thle coupl i ng
pi pe conprising a stainless-steel made outer pipe (17), an inner pipe (19)

inserted ﬁ\@ﬁieféftthé@pb@rbbéy'ZBSthﬂﬁughhﬁé%@fd §3s Ifstispediing p84al 1 ing a spacer
(18) for the m xed gas to pass through, a nmcro sheathed heater (20) wound

a1 Ut mum ot |- g esidcs@'e?ﬁé@?ﬁ%%“&a?%géﬁ%ﬁ’ ﬁ%,““éfﬁﬁﬁ RO g ade BT ral face
s appl i caanupEsirek A et e tele o il p oRe BRE e es & 0 o fon
T FE ot ;§$3H&-’$5q%bpﬁ'gfa?‘%éﬁgﬁer§eﬁéqpt§§Béaﬁ‘r?qr‘éLS‘é&%fm SR DITHISATE 5 7) i s
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-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 approximately 60mm and the average pore size of 20pm, and to

25 form a platinum layer with the thickness of approximately 0.3um on the outer
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5 so constructed that the hydrogen radical formation/dispersion apparatus
(11 ) is maintained and fitted at the position where the spaci ng between
the | ower face of a pI atlnumcoating filter (26) and the upper face of a

silicon f A=Y ! f s 0.5mm 3mm
when the"é@]gf;{: il coup %g%%dgfgt r?%?ﬁ{s?tt%cﬁe%? rhbgngbg%ﬁ&rdoét%a%t% ﬁ@ﬁ type
silicon wafer eanL n ment .a d

t enperat ure of thﬁ’éel'ﬁ &%&% Solsﬁygéaststﬁﬁ qgad f%%?ﬂ%w ]%i’ 83%6
formation/ di sper si on appar at us reaches 150C - a2900 10. A rotation
type silistainl Qﬁﬁf%‘?e'dﬂéﬁﬁﬂﬁﬁat@@dnﬁmﬁi IszRotdimitacHg thﬁ rermentionRd ei n a

hydr ogen radi cal formation/dispersion apparatus (11 ) is so 15 constructed
that the rhgthodgafvapaddeposifiom,nautiany/atheprmethasts sysheasanioncpaingses a

rever se-di sh-shaped upper body (23) having a m xed gas inlet opening (23a)

at the cefiboddar He appisd agddrlg adarphdtiremh Iayer i foréed2n thenwutel | ed
hori zontally on the | ower face side of the upper body (23) and equi pped

with a pl t ting orifices (25a), a short cylinder-shaped
filter f%ﬁ?&b t?éi%qﬁlepgég&?o the | ower end face of the upper body (23),

and a platinum n i e of the
filter IOf | ange (@Z@é Hﬂ’f%’mgﬁ{%4@%‘]]@@?@%@%?5“?5’]}@%@% ?%@%‘Jgrﬂous di sc made
of the stainl ess-steel - S|nt ials. 2529
"AY. Ayl - AREIGRAL T SPIOKe] SR PRAEINGSSSISeTads ikation natekel, aRAMS) w1 Al ul A
AIIAYuYAIIAYAIIAIIAYYAI AYY. Al OLNNG5CbFZ(\ _
/ Kysni d_‘average aptabize] the] thickness,|and tt@]tbii:ra?%a]ﬁ 3 platimponjayer akg sel) ca] cnal ¢
a] ca] ca] ca] ca] ca] ca] c*a] cal] ca] ca] cPa
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;/# &g;’/@f/‘&/ g - || V410 (ﬁp\é«%thél H%gfi(%h 6?? rétatiGt t #ype smfign wafer cleaning device in

accordance with the present |nvent|on is explained.

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
11.

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 to the high temperature of 150°C - 300°C (approximately 250°C in the
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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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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 Tmm 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 at the 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 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 H2 and

N2

25  Containing Hz2 of 0.1% is supplied to a hydrogen radical formation/dispersion
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A filter 26 having the outer diameter of 54mmg, the thickness of 2.5mm
5 is formed in the shape of a disc comprising a sintered body made of a stainless-
steel-made meshed net body having a pore with an average size of 20p m and
the temperature of the mixed gas at an inlet opening of the filter is set at 250°C.
When a wafer 4 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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- ( )Generally,(t%e degree of hydrogen termination on the silicon outer

5 surface is judged by observing the peak of infrared absorption of Si-H (in the
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  150°C through the afore-mentioned hydrogen radical formation apparatus C to
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As the result, a high degree of the hydrogen termination treatment can
5 be achieved because Si atoms on the outer surface of the silicon wafer wherein
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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|11 109k {or-dleardngthe sittcarow@fgr)at the post chemical cleaning with pure water,
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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5 applied for a mixed gas heating device (B), thus heating the mixed gas to
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%-5.0Vol%.
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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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.
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