TI TLE OF THE,fNVEn3ICN WAFER PROCESSI NG APPARATUS, WAEER

PROCESSI NG METHOD, ~ AND SOT VAFERFABRI CATI ON T% & Og
BACKGROUND OF THE | NVENTI ON Fiy THE | NVENTI ON o e
present invention relates to a wafer gbﬁ%&ﬁs'fg%_‘iﬁapparatus,iﬁ?

processi ng nethod, and an SO wafer ﬂ"ﬂﬂm OfUHpn et hod and, nore
particularly, to a wafer processi ’ | a wafer processing

nmet hod, and an SOl wafer fabrication method which process a wafer by
di pping the wafer into a processing solution. 15 Vet etching is a
typical exanple of processing prorRepforERonRMNtTBRI N @ wafer into a

sol ution. One subj ect of wet etching is to I nprove the in-plane
uniformty. Conventionally, the in-plane uniformty is ensured by

supplying fresh etching solution to the 20 reaction surface by circul ating
the etching sol ut WAFER rPROCESSEINGARPPARATUS, WAFEANORDEESSHAERIErRSp  he

processi ng perfornmed by dipping a wafer into a solution is wafer
cl eani ng processi ng. JaDaiSOIeWREER FARRICATOORNMEOHOB- 293478 has 25
di scl osed a wafer cleaning apparatus which increases the waf er

cl eani ng ef i ci ency by applying ultrasonic waves

BACRKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a wafer processing

10 apparatus, a wafer processing method, and an SOI wafer
fabrication method and, more particularly, to a wafer
processing apparatus, a wafer processing method, and an
SOI wafer fabrication method which process a wafer by
dipping the wafer into a processing solution.

15 Wet etching is a typical example of processing
performed by dipping a wafer into a solution. One
subject of wet etching is to improve the in-plane
uniformity. Conventionally, the in-plane uniformity is
ensured by supplying fresh etching solution to the

20 reaction surface by circulating the etching solution in
a bath. .

Another example of the processing performed by
dipping a wafer into a solution is wafer cleaning
processing. Japanese Patent Laid-Open No. 8-293478 has

25 disclosed a wafer cleaning apparatus which increases the

wafer cleaning efficiency by applying ultrasonic waves
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- 2 - VWhile vertically nDVLﬂg*_Dd rotating wafers contained in a

carrier cassette in a solution by a cam mechani sm Anot her
exanpl e of the wafer cleaning apparaﬁyﬁm& as Beg cgssettel ess waf er

cl eani ng apparatus. A cassetteless ﬁ ﬁg apparatus is
general ly an apparatus in Vhich re arranged parallel to
each ot her, grooves are forned i nbers, and wafers are

cl eaned whil e bei ng supported by these grooves In an appar atus whi ch
cl eans wafers contained in a carrier cassette, portions of the wafers
in the grooves ﬁﬁlléﬁbertlcaﬂayrh@ﬁlﬁ@séﬁatﬁbﬁ&ﬁi % fhEed todi LhRRAN 4n Al SO,
si nce lost portions of the two sides of each wafer are covered

with constituend geentissns cafsseieecnra esolnasiel by, at B&m mech4ligani N9
solution for wafers is nostly supplied froman 15 opening in the |ower
portion of the carrifotiessexbeple of fiw svifendeleanissubpparatiGdlis

cl eaning. A cassettel ess waf er cl eaning apparatus is very effective to
sol ve t hes® gasaAsitdied essapafies ec Redreinty leppdrapes. N caske8¥8less  has
di scl osed a cassettel ess wafer cleaning apparatus 20 capable of
processi ng waf efafes dicepdpgnerpayatus is generall¥ieamedppand eeniing

appar at us descrlbed I n Japanese Pat ent Lai d- OQpen No. 8-293478 cannot
uni formy cl earRich npgk geabgre aase vrrangeceRgralbel ke repdniokhsaves s

made uneve the constityent nmenbers of the carrier 25 dissette.
In this wafer c9¥§ﬁ$eﬁba§ﬁbgPﬁFﬁ 1R fehesg mogy members, and wafers are

cleaned while being supported by these grooves. In an
apparatus which cleans wafers contained in a carrier

10 cassette, portions of the wafers in the grooves of the
carrier cassette are difficult to clean. Also, since
most portions of the two sides of each wafer are covered
with constituent members of the carrier cassette, the
cleaning solution for wafers is mostly supplied from an

15 opening in the lower portion of the carrier cassette.
This tends to result in poor cleaging. A cassetteless
wafer cleaning apparatus is very effective to solve
these problems. Japanese Patent Laid-Open No. 7-169731
has disclosed a cassetteless wafer cleaning apparatus

20 capable of processing wafers of different sizes.

The wafer cleaning apparatus described in Japanese

Patent Laid-Open No. 8-293478 cannot uniformly clean
wafers because the strength of ultrasonic waves is made
uneven by the constituent members of the carrier

25 cassette. In this wafer cleaning apparatus, the carrier

cassette is essential to prevent a fall of wafers when




cassette is essential to prevent a fall of wafers when

REPLACEMENT SHEET - -3 the wafers are
rotated or vertically noved by the cam,,. chanism The carrier cassette
is commonly made froma resin suchtb§sh ﬁ“‘~ ¢d hut these materials

do not easily transmt ultrasonic reases the 5
efficiency of the cleaning processing. ' the wafer cleaning
apparatus described in Japanese Patent Laid-Qpen No. 7-169731 is very
effective to i nprove poor cleaning. However, the apparatus cannot

uni forny cl eancw@fv@{fferieaads eothtedad e MerdiRat i fansded 16, £ l@mbei ng
fixed in a bath. Additionally, since contact portions between wafer

support nenber smédthniahtl STBE Ecarridr Xe@sdbteNgs Ct@@uinly, mhAes Ereangact
portions are difficult to clean. 15 SUMVARY OF THE
| NVENTI ON resin subihe agr PSRNOT | PREX! it thesberatamikeld o not

consi deration of the above situation and has as its obj ect to nake

waf er processi nepsiiliyf dmansm2@ ultrasdnivafwearvesr. ocBsiss Ripcappaesat tbeaccor di ng
to the present invention is a wafer processing apparatus for
processi ng & wadEfidierndivopifn§heheleoriing ipnogegsing. processing sol ution,
conprising a wafer processing bath, ~and a rotary _support_mechani sm for
supporting a wafer Also, the wafer cleaning apparatus described in

Japanese Patent Laid-Open No. 7-169731 is very effective
to improve poor cleaning. However, the apparatus cannot
uniformly clean wafers because the wafers are cleaned

10 while being fixed in a bath. Additionally, since contact
portions between wafer support members and wafers are
fixed during cleaning, these contact portions are

difficult to clean.
15 SUMMARY OF THE INVENTION

The present invention has been made in
consideration of the above situation and has as its
object to make wafer processing uniform.

20 A wafer processing apparatus according to the
present invention is a wafer processing apparatus for
processing a wafer by dipping the wafer into a
processing solution, comprising a wafer processing bath,
and a rotary support mechanism for supporting a wafer

25 while rotating the wafer by a plurality of rod members

arranged substantially parallei to each other.
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25 while rotating the wafer by a plurality of rod nenbers arranged
substantially parallel to each other. The waf er
processing apparatus preferbly further ussie@BRH.88&pMlelr @asoni ¢ generating
means for generating ul trasonic wave Hﬂ" i w SI ng bat h.

In the wafer processing apparatus, the rot mechani sm
preferably applies a rotating force to R rotating at | east a
rod nenber, which supports the wafer froma bottom surface side of the
processing bath, of the rod nenbers. In the wafer processing

apparatus, the rotafe #fesURRIdssTRGD8hpRFSE S dHefcdBBleSuAthOF at i ng
force to a wafer by rotating the rod nenbers in the sane direction.

In the wafer peegpgsteg EPpPainis geachatDily Mealgy for gepegheimply has a
groove for limting novenent of a wafer in an axial direction. 15
I'n the wafer putceasonic apparsatins thehprooéssing bathsupport nmechani sm
preferably conprises driving force generating neans for generating a
driving force for In thetwsfeny proseeinguaspakatds phecessanyg bat h.

In the wafer processing apparatus, the rotary 20 support mechanism
preferably 3 ursnppocbrmci:ls@sl@ oreferably smpHeas anrosatinanferce ity the
driving force generated by the driving force generating neans to the
rod menbers. @ wafer byheotaiiag gtodeastny %gsh pWeieRabl y further

supports the wafer from a bottom surface side of the.

processing bath, of the rod members.
In the wafer processing apparatus, the rotary

10 support member preferably applies a rotating force to a
wafer by rotating the rod members in the same direction.

In the wafer processing apparatus, each rod member
preferably has a groove for limiting movement of a wafer
in an axial direction.

15 In the wafer processing apparatus, the rotary
support mechanism preferably comprises driving force
generating means for generating a driving force for
rotating a wafer outside the processing bath.

In the wafer processing apparatus, the rotary

20 support mechanism preferably further comprises a crank
mechanism for transmitting the driving force generated
by the driving force generating means to the rod members.

The wafer processing apparatus preferably ?urther
comprises a driving mechanism for rocking the rotary

25 support mechanism in the processing bath.

The wafer processing apparatus preferably further
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conprises a driving mechani smfor rocking the ro%a¢y-2§~‘§ggggéipgechanism
I n the processing bath. The waf er processing apparatt ef erably
further - 5- This Sheet Ha B ], acey &
driving nechanismfor floating or di ppi ng tj? r%

mechani sm In the wafer processing appar ” ssi ng

bath preferably conprises a circulating nechanism 5 1nc overfl ow
bat h. In the wafer processing apparatus, the circul ating
mechani sm preferably conprises neans for reducing contam nation of a

waf er caused 8yc&€e§£i§ése% \Hiji‘e?naﬁﬁechanié}ﬁ #YO0¢YEEH: By %:di[ﬁi{ir oY suppor t

mechani sm 1 In the wafter processing apparatus; soni c

gener ating nmeanghé& ORRYASE Supportt haseah Lapat h, an ul trasoni c source,
and an adj usting nmechanism for adjusting a position of the ultrasonic

source in the Ut rged RiaFRabocassiny tapaiitas\a¥Rs grécddaingnitted to
15 the processing bath via an ultrasonic transmtting medi um pl aced

in the ul trasonbatbhapteferably comprifes he oiafcRrlaplingensdmgniappar at us, at
| east portions of the processing bath and the rotary support
mechani sm whi cinefydiogan overdowadcatini th a processing 20 solution, are
preferably:made of a material selected fromthe group consisting of
quartz and plastic. In the wafer| professkieragpecesssi nghapphreulsating | east
mechanism preferably comprises means for reducing
contamination of a wafer caused by particles which may
be produced by the rotary support mechanism.

10 In the wafer processing apparatus, the ultrasonic
generating means comprises an ultrasonic bath, an
ultrasonic source, and an adjusting mechanism for
adjusting a position of the ultrasonic source in the
ultrasonic bath, and ultrasonic waves are transmitted to

15 the processing bath via an ultrasonic transmitting
medium placed in the ultrasonic bath.

In the wafer processing apparatus, at least
portions of the processing bath and the rotary support
mechanism, which may come into contact with a processing

20 solution, are preferably made of a material selected
from the group consisting of quartz and plastic.

In the wafer processing apparatus, at least
portions of the processing bath and the rotary support
mechanism, which may come into contact with a processing

25 solution, are preferably made of a material selected

from the group consisting of a fluorine resin, vinyl
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portions of the processing bath and the rotary support mechani sm

whi ch may cone into contact with a processing 25 solutiom—are preferably
ngfnofv?nnaterial sel ected fromthe groummggg§ﬁgéé%hémmﬁ fluorine

, yl chlori de,
pol yet hyl ene, pol ypropyl ene pol ybut yl enet eréﬁ"&ﬂﬂi’wﬂm’n , and
pol yet her et her ket one ( PEEK) . In the wa appar at us,
the rotary 5 support mechani sm preferably supports a wafer by four
rod menbers. In the wafer processing apparatus, the rod nenbers
are preferably ahlengdd, ipolygmdsilicnen pbeyerdmilaiiegn of a wafer having

an orientation flat is not prevented by 10 the orientation flat when the
waf er i s procespetiybutyleneterebhihbéntpr ¢BRB)S,) ropdappar at us according to the
present invention is a wafer processing apparatus for processing a
waf er by di ppi ngoletheferhenkatone (PEEK) ocessing sol ution, conprising a
waf er processing bath, 15 support neans for supporting a wafer from both
si des and bel owIbythe rrifer Hrocessing| apparatnvst.etheubetanyi al | y

per pendi cular to a bottom_surface of the processing bath, and driving
nmeans for rot at FHEPPRE Bepipurisay prgferably supportsTRewREPEr Y rERWssi ng
apparatus preferahly further 20 conprises ultrasonic generating neans for
generating rQf PEREE S waves in the processing bath.

In the wafer processing apparatus, the rod members
are preferably arranged in a position where rotation of
a wafer having an orientation flat is not prevented by

10 the orientation flat when the wafer is processed.

A wafer processing apparatus according to the
present invention is a wafer processing apparatus for
processing a wafer by dipping the wafer into a
processing solution, comprising a wafer processing bath,

15 support means for supporting a wafer from both sides and
below by a rod ﬁember to hold the wafer substantially
perpendicular to a bottom surface of the processing bath,
and driving means for rotating the supported wafer.

The wafer processing apparatus preferably further

20 comprises ultrasonic generating means for generating
ultrasonic waves in the processing bath.

In the wafer processing apparatus, the driving
means preferably applies a rotating force to a wafer by
rotating the rod member. ‘

25 In the wafer processing apparatus, the rod member

preferably has a groove for limiting movement of a wafer
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In the wafer processing apparatus, the driving means preferably
applies a rotating force to a wafer by rGLaLLng_LHQ_LQQ_ﬂggber. 25
In the wafer processing apparatus, the rod nenber preferably has a
groove for linmting novenent of a wafer This Sheet Has Been Replaced

-7- In an axial direction. A wal lssitE met hod
according to the present I nvention is a waf nmet hod of
pr

processing a - wafer by dipping the wafer into a solution, 5
wherein a wafer is rotated while being supported from two sides and

bel ow by a rod ieieaxikhegiebeeibel ng hel d substantially
perpendi cul ar to a bottom surface of a processing bath. I n

the wafer processing reifeedprotesSify el QccdPdindato WHd @ragemker is
rotated in the processing bath, ultrasoni c waves be generated in the

processi ng sol ufrivemtion is a waflée pwicisspngCREShEY S igraddssingi hed to
waf er etching by using an etching solution as the processing
solution. 15 wafer Hyedipbéng ptlve essiary imtbhadpiscassired soduetiehi ng of
a wafer having a porous silicon |ayer by using an etching solution as
t he processbng wsinginon wafer is rotate@Owhideebeimdrsupmicriednérbnd
according to the present invention is an SO wafer fabrication nethod
of 20 fabricdngidessendwaetew By &ined meebenf cthewediessbrgng
held substantially perpendicular to a bottom surface of
a processing bath.
In the wafer processing method, it is preferable
10 that while a wafer is rotated in the processing bath,
ultrasonic waves be generated in the processing solution.
The wafer processing method is suited to wafer
etching by using an etching solution as the processing
solution.
15 The wafer processing method is suited to etching of
a wafer having a porous silicon layer by using an
etching solution as the processing solution.
An SOI wafer fabrication method according to the
present invention is an SOI wafer fabrication method of
20 fabricating an SOI wafer by using the wafer processing
method described above in a part of fabrication steps.
A wafer processing method according to the present
invention processes a wafer by using the wafer
processing apparatus described above.

25 A wafer processing method according to the present

invention etches a specific layer formed on a wafer by
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met hod descri bed above in a part of fabrication steps——— A wafer
processi ng net hod according to the present |nvent|on processes a mafer
by using the wafer processi ng appar atus descri Redplaced

waf er processing nethod according to the present hes a
specific layer formed on a wafer by
- 8- usi ng the wafer processing apparatus descrlbed a

An SO wafer fabrication method according to the present |nvent|on
fabricates an SO wafer by using the waf er processi ng net hod descri bed
above in a party®ing xHARFAeR bRBcELEDPSy apparatus dENEENSEd HRAL.S,

features and advantages of the present invention wll becone apparent
fromthe f ol | ovamigsoie twiiflead faBsteh Pl matthoeirbedbpibhg ©fF e

present invention with reference to the acconpanying 10 draw ngs.

BRI EF DESCRI PTI gheddntT HEvieRAWMONGEabricates an SBiIgwafer sbw yeirgpdidtie ve vi ew
showi ng an outline of 15 the construction of a wafer processing apparatus
according to a watéerpmuessiodi methodfdesnrihedsabove in & rpasrit icdh;

Fig. 2 is a sectional view of the wafer processing apparatus shown in
Fig. 1; 5 fabrication steps.

Further objects, features and advantages of the
present invention will become apparent from the
following detailed description of embodiments of the
present invention with reference to the accompanying

10 drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing an outline of
15 the construction of a wafer processing apparatus
according to a preferred embodiment of the present
invention;
Fig. 2 is a sectional view of the wafer processing
apparatus shown in Fig. 1;
20 Fig. 3 is a sectional shape showing the shape of a
wafer rotating rod;
Fig. 4 is a view showing an outline of the
construction of a wafer rotating mechanism;
Fig. 5 is a view showing an outline of the
25 construction of the wafer rotating mechanism;

Fig. 6 is a view schematically showing the

| THIS SHEET HAS BE
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20 Fig. 3 is a sectional shape show ng the shape—of—=a warf

rotating rod; Fig. 4 is a view showi ng an out.line_of the
construction of a wafer rotating mechani sm <t ©
showi ng an outline of the 25 construction of the vvafi I‘E iﬂ
mechani sm Fig. 6 is a view schematically sh

¢

-9- arrangenent of a wafer processing syst in which a . .
pluralityof wafer processing apparatuses are arranged, Fig. 7 is
a view show ng anot her exanple of the construction of the wafer

rotating mechany$pyngdnent of & ﬂvafériﬁr@céléﬁ‘ﬁgs%%i@%gﬁﬂ M%}Lr}? of the

construction of a wafer processing apparatus I'n

e wafer

rotating mechanpsmSHoMp dfn walflr prod88sing apparathhls: adé dPrHeel e

sectional views showi ng the steps of an SO wafer fabrication nethod.
10 DETAI LEDFL¥rSCRIRT=ONie $hibw BRFRER¥H EMRSRbMENIE the A
preferred enbodi nent of the present invention w Il be described bel ow

with reference tonstmnctlion adcahpangfay st ings meEhgnisms a perspective
Vi ew showi ng an outline of the construction of a wafer processi ng
appar at us accor di ng Fogt he ipr ef eriewdshowing an outline of the

construction of a wafer processing apparatus including

the wafer rotating mechanism shown in Fig. 7; and

Figs. 9A to 9F are sectional views showing the steps

of an SOI wafer fabrication method.

10

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention

will be described below with reference to the

15 accompanying drawings. Fig. 1l is a perspective view

showing an outline of the construction of a wafer

processing apparatus according to the preferred

embodiment of the present invention. Fig.2 is a.

sectional view of the wafer processing apparatus shown

20 in Fig. 1.

In a wafer processing apparatus 100 according to

this embodiment, portions which may come into contact

with a processing solution are preferably made from

quartz or plastic in accordance with the intended use.

25 Preferable examples of the plastic are a fluorine resin,

vinyl chloride, polyethylene, polypropylene,

| THIS SHEET HAS BEEN
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enbodi nent of the present invention. Fig. 2 is a sectional view of the

waf er processing apparatus shown 20 in Fig. 1. In a wafer
processi ng apparatus 100 according to this enbodi nent, portions which
may cone into contact Wi th a processing sol uti oRhisyheet Hasdfeer Replsed nade
from quartz or plastic in accordance with the in _ .

Preferabl e exanples of the plastic are a fluorine resi i

chl ori de, pol yethyl ene, polypropyl ene,

-10 - pol ybut yl enet er epht hal ate (PBT), and pol yet her et her ket one
(PEEK) . Pref er sl BasndierRt e@bphfBalate (P49l i BRaresin are PVDF, PFA, and
PTFE. Thi s wafer processing apparatus 100 has a wafer 5

processi ng bat hdBretHer@tdeiketohat (PREK) anpubfétasi GxampleBabll 8Re and a
waf er rotating nechanism (11 to 19) for supporting wafers 40 while
rotating these fi®fihe resin are HVDP, @SS andf PTBE. t he waf er processing
bath 10 is filled wth a processing solution (e.g., an etching 10
solution or a cl eaniTigiss aafleropyrocébeimy eagdarathat b02Chas a Waltert enporarily
storing any processing solution overflow ng fromthe wafer processing
bath 10 is 5 pyeodded dasbndiot han upperflow bath 29, tdre wdfrasonic
processi ng bath 10. The processing solution tenporaril 15 stored in the

overfl ow bat h Zeatls 3fi.s &g gewafeprretating megbapdampblt iton 180 dex overfl ow

bath 20 to a circul ataor . .
supporting wafers 40 while rotating these wafers.

To process wafers, the wafer processing bath 10 is
filled with a processing solution (e.g., an etching
10 solution or a cleaning solution}. The overflow bath 20
for temporarily storing any processing solution
overflowing from the wafer processing bath 10 is
provided around the upper portion of the wafer
processing bath 10. The processing solution temporarily
15 stored in the overflow bath 20 is discharged from the
bottom portion of the overflow bath 20 to a circulator
21 through a discharge pipe 2la. The circulator 21
removes particles by filtering the discharged processing
solution and supplies the processing solution to the
20 bottom portion of the wafer processing bath 10 through a
supply pipe 21b. Consequently, particles in the wafer
processing bath 10 are efficiently removed.
The wafer processing bath 10 preferably ha§ a depth
by which the wafers 40 are completely dipped. This
25 prevents particles in the air and those gathering around

the upper portion of the wafer processing bath 10 from
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21 through a discharge pipe 21a. The circulator 21 removes particles

by filtering the discharged processing sol ution and suppliesthe—

processing solution to the 20 bottom portion of the wafer proce53|ng bath

10 through a supply pipe 21b. Consequently, partlcﬂbsﬁk
processing bath 10 are efficiently renoved. |ng
bath 10 preferably has a depth by which the mafers

di pped. This 25 prevents particles in the air and those gat erlng aroun
t he upper portion of the wafer processing bath 10 from

11- adhefdmg-itrRy tHhe thafl Rasedd. 40. The ultrasonic bath 30 is
arranged bel ow t he wafer processing bath 10. An ultrasonic source 31

i s supported byrten 1Adjrasbnig bREWaAD siB IZ2rangedebé ey Wtd as@eirc bath

5 30. This adjusting nmechanism 32 includes a nmechanism for adj usting
the vertical pgstddemsiol baehulfr adoniudtsesonic sourddl 3dndsasuppbapeédm f or
adj usting the horizontal position of the ultrasonic source 31, as
mechani sms f or kyljarstadigsting mpehamisn 32 ipsdidei thel ultetardndus biaghbet ween
the 10 wultrasonic source 31 and the wafer processing bath 10. By
this nechan55n13QH1:Fﬁéénﬁ@JV@ﬁ@ﬁgtm$Q&§nS§§pBEeun¢kudeS a miechonien for
processing bath 10, nore specifically, to the waf ers 40 can be

optim zed. The afitusts®s @h§oHFEE1%ﬂ; positgopr efabhg WwhHerasanisc sovscef

adj usting the frequ sfreng of, ultrasoni ¢ waves to be
geLerateg Thidl %mﬁp mechanlsm %or aé}hstlng the horizontal position

of the ultrasonic source 31, as mechanisms for adjusting
the relative positional relationship between the
10 ultrasonic source 31 and the wafer processing bath 10.
By this mechanism, ultrasonic waves to be supplied to
the wafer processing bath 10, more specifically, to the
wafers 40 can be optimized. The ultrasonic source 31
preferably has a function of adjusting the frequency or
15 strength of ultrasonic waves to be generated. This
further optimizes the supply of ultrasonic waves. Since
the apparatus thus has the function of optimizing the
supply of ultrasonic waves to the wafers 40, various
types of wafers can be processed. The ultrasonic bath 30
20 1is filled with an ultrasonic transmitting medium (e.g.,
water), and this ultrasonic transmitting medium
transmits ultrasonic waves to the wafer processing bath
10.
The wafers 4§ are held to be nearly perpendicular
25 to the bottom surface of the wafer processing bath 10 by

four wafer rotating rods 11 having grooves l1lla for

- 11 - THIS SHEET HAS BEEN
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further optim zes the supply of ultrasonic waves. Since t he apparat us
thus has the function of optim zing the supply of ultrasonic waves to
t he wafers 40, various types of wafers can be proc&aiShket HldBeen Replaced

ultrasonic bath 30 20 is filled with an ultrasonic tran m
(e.0., water), and this ultrasonic transmtting nedi I1ts
ul trasonic waves to the wafer processing bath 10. fers
40 are held to be nearly perpendicular 25 to the bottom surface of the
waf er processing bath 10 by four wafer rotating rods 11 having grooves
lla for engaging with the wafers 40. Thege Wwefer rotat$hgagbgg Wi th
the wafers 40. These 11 have a function of supporting the wafters 40

while rot afi néhddemrandtiehma AaidordinghenvehigferFdtal Wi le _
mechani sm The wafer rotating rods 11 are rotatably 5 supported by a pair

of opposi ng rodrStHEeld theaband £8rm a patd JrotREedafdlr thsa33mg direction
by a driving torque generated by a notor 19. The wafer rotating rods
11 pr ef er aldohdigem.a vhal batbmmeitatihy rbi€hil re rotatabhgm ssion of
ultrasonic waves is not prevented. 10 The nunber of wafer rotating
rods 11 i s prefsupiinted by aspaiml ¢f asppesisigbired Fopporstu menttzersf di8ct i onal
force with the wafers 40, however, it is preferable to use two
waf er rotating amtiscothtiedr ini thei same Mlnestdvpnbyi a dhiving tonguki ng
direction (x-axis direction) of the wafers 40

generated by a motor 19. The wafer rotating rods 11

preferably have a small diameter by which the
transmission of ultrasonic waves is not prevented.

10 The number of wafer rotating rods 11 is preferably
as small as possible. To ensure the frictional force
with the wafers 40, however, it is preferable to use two
wafer rotating rods 11 for limiting the movement in the
rolling direction (x-axis direction) of the wafers 40

15 and two wafer rotating rods 11 for supporting the wafers
40 from below. By arranging two appropriately spaced
wafer rotating rods 11 below wafers, the driving torque
can be éfficiently transmitted to wafers having
orientation flats. This is so because if only one wafer

20 rotating rod 11l is present below the wafer and the
orientation flat of the wafer is positioned on this
wafer rotating rod 11, the wafer cannot be rotated by
the wafer rstating rod 11.

Standing waves, i.e., high- and low-strength
25 portions of ultrasonic waves are usually formed between

the bottom surface of the wafer processing bath 10 and

THIS SHEET HAS BIEN
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15 and two wafer rotating rods 11 for supporting the wafers————40 from—
bel ow. By arranging two appropriately spaced wafer rotating rods 11
bel ow waf ers, the driving torque can be efficiently P n Replaced
waf er s havi ng orientation flats. This is so because if ﬁl Iﬁr
at

20 rotating rod 11 is present below the wafer and the
of the wafer is positioned on this wafer rotating rod 11, the wafer
cannot be rotated by the wafer rotating rod 11. St andi ng

waves, i.e., high- and lowstrength 25 portions of ultrasonic waves are

usual 'y formed Hel wegn;id surlfBeeboti P @a_ﬁ%%y%réé’%é’i?{ﬁgra | qg{&g‘%i ng bath

10 and sur f ace.

In this wafer prosessdwisredPehat Honuniforkddy REWEHEr préd@sdigiypni form ty of
t he processing resulting fromstandi ng waves i s decreased because the

waf ers 40 can bgeguiogtiess €ionhiskandthd Gvavdatied decbeased bdduseraiiey
processi ng apparatus 100 has a structure I n which nenbers on the

bott om porti on wifddre Mbfcan be prpcesessiwigleabeind aocthtaedund the wafers
40 are renoved as many as possi ble. Accordingly, the supply of

ul trasoni ¢ Waves t o Thiss waifers p4Oceasihe apmerasifi dD@nhas 14 starndbtumel or m

Al 'so, this structure allows the processing sol ution near the wafers 40
to freely flow immhikichamesbers onhtherlntdn pertoent o wee evafami f or m and

prevents the occurrence_of a processing failure.
processing bath 10 and around the wafers 40 are removed

as many as possible. Accordingly, the supply of
ultrasonic waves to the wafers 40 can be made efficient
10 and uniform. Also, this structure allows the processing
solution near the wafers 40 to freely flow. This.makes
the processing for the wafers uniform and prevents the
occurrence of a processing failure.
Fig. 3 is a sectional view showing the shape of the
15 wafer rotating rod 11. The wafer rotating rod 11 has a
plurality of grooves lla for supporting the beveling of
the wafer 40 by clamping it. The shape of the grooves
1lla is preferably a U shape or a V shape. In this wafer
-ﬁrocessing apparatus, no specific region of the beveling
20 of the wafer 40 is constantly supported because the
wafer rotating rod 11 supports the wafer 40 while
rotating it. Accordingly, the beveling of the wafer 40
can also be uniformly processed.
Figs. 4 and 5 are views showing an outline of the
25 construction of the wafer rotating mechanism. The four

wafer rotating rods 11 are arranged parallel to each

_ THIS SHEET HAS BEEN
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Fig. 3 is a sectional view show ng the shape of tﬁ“‘iﬁ——ﬂaieL_LQLéljng rod
11. The wafer rotating rod 11 has a pIuralltyT rooves 1l1a for

supporting the beveling of the wafer 40 by cla e ﬂﬁWEM&hape of
t he grooves lla is preferably a U shape or a V waf er
processi ng apparatus, no specific region of the bev he waf er
40 is constantly supported because the waf er rotatlng rod supports
the wafer 40 while rotating it. Accordingly, the beveling of the wafer
40 can al so be uniformy processed. Figs. 4 and 5 are views

showi ng an OUt|éEHéﬁﬁ1ﬂlﬁhe RoricORedT Uit ich (Peawpd efirditdion)d so
mechani sm  The four wafer rotating rods 11 are arranged parallel to

each as to extend along a columnar bhape forme®@URertHe wialfers
horizontal direction (y-axis direction)so as to extend along a

col umar shape 4®r naddeyvihe fef®s TransmidBioA gawilrg ifsopeevigadasni ssion
gear 12 is provided near the end portion of each wafer rotating rod

11. A 5 drivimspat alguengeperaien &f ddvh nmaifer #Stasing ansiniliit.eda to a
crank 15 via a crank 17 and a connecting rod 16. A driving force
transmi ssi ob gedrividw itorguevpdedrated ey the mehdrpd? timrkmwmsmidtedank 15.
The driving torque transmtted to the driving force transm ssion gear
14a 10 is trdisrd tauedk 5t Héadai ehank flor ead pafieppectioy gt 46 2 12 via
intermedi ate gears 14. By this arrangenent, the wafer rotating rods 11
rotate in the <SSing forcentarnsmission gear 1lda is provided at the
end portion of the crank 15. The driving torque
transmitted to the driving force transmission gear lda
10 is transmitted to the driving force transmission geafs
12 via intermediate gears 14. By this arrangement, the
wafer rotating rods 11 rotate in the same direction at
the same speed.
In the embodiment shown in Figs. 4 and 5, the
15 driving torque generated by the motor 19 is transmitted
to the crank 15 and distributed to the wafer rotating
rods 11 in order to simplify the construction. However,
cranks can also be provided in a ohe—to-one
correspondence with the wafer rotating rods 11. If this
20 is the case, it is unnecessary to provide the driving
force transmission gears 12 and 14a and the intermediate
gear 1l4. Consequently, the production of particles
resulting from the friction of the gears can be
prevented.

25 It is not always necessary to simultaneously rotate

the four wafer rotating rods 11. To efficiently transmit

THIS SHEET HAS BEEN
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t he sane speed. In the enbodi mrent shown in Figs. 4 and 5, the 15
driving torque generated by the notor 19 is transmtted to the crank
15 and distributed to the wafer rotating rods 11 in dhdé&mﬂﬁmbmma&

t he construction. However, cranks can al so be prOV|de

correspondence with the wafer rotating rods 11. If this

It IS unnecessary to provide the driving force transnlsS|on ge

and 14a and the internediate gear 14. Consequently, the production of
particles resulting fromthe friction of the gears can be

prevented. 25 the rotlting Eetcal ¥EYEhdQRERSBI ¥0! Onsdid:,aRqougl y rotate
the four wafer rotating rods 11. To efficiently transmt

- 15- t heprrefiettal@e tor eotite tdte Mfsty onédOwaborerstatiidy irvd 11
preferableto rotate at | east one wafer rotating rod 11 bel ow t he

waf ers 40. Furtihellowrshe wafepsedef f ifuirehelkyore, td mwreMeffibeendlati ng
force to the wafers 40 or to 5 snoothly rotate wafers having orientation
flats, it is trangmndftethel rotating afardeheo whevwadfers cttatamgor ods 11
bel ow t he wafers 40. The wafer rotating nmechanismis not
restricted Bo smootidy zobatecwvatersidiavimg Thraentatiemyfledsharditsiscan be

10 used as long as the nechanismcan rotate the wafer rotating rods 11
in the same di mkafiegbleotoekakpte the two wafer rotating rods 11

below the wafers 40.

The wafer rotating mechanism is not restricted to
the above construction. That is, any mechanism can be

10 used as long as the mechanism can rotate the wafer
rotating rods 11 in the same direction. For example, it
is also possible to use a construction which transmits
the driving force of the motor 19 to the driving force
transmission gear l4a by a bevel gear or a belt.

15 In this wafer processing apparatus 100, supply
ports 21lc for supplyihg the processing solution to the
wafer processing bath 10 are arranged near the bottom
portion of the wafer processing bath 10 so that the
processing solution circulates upward from the bottom

20 portion of the wafer processing bath 10. Furthermore, in
this wafer processing apparatus 10, a plurality of
supply ports 21lc are arranged near the wafers 40 to
adjust the flowing direction of the processing solution,
so that the processing solution near the driving force

25 transmitting mechanism constituted by the gears 12, 14,

and 14a, the crank 15, the connecting rod 16, and the

- 15 - THIS SHEET HAS Bt EN
REPLACED




I's al so possible to use a construction which transmts L vin

force of the notor 19 to the driving force transm ssi on gear l1l4a by a
bevel gear or a belt. 15 In this wafer processing a Has Be@(Replaced
suppl y ports 21c for supplying the processing solution

waf er processing bath 10 are arranged near the bottom

waf er processing bath 10 so that the processi ng solution circulate
upward fromthe bottom 20 portion of the wafer processing bath 10.
Furthernore, in this wafer processing apparatus 10, a plurality of
supply ports 2lcike éomsr angjetioveato tthe waffers 40.t dhis reddpest thée fl owi ng
direction of the processing solution, so that the processing solution
near the drivi mpdsidksditysofr the mafénsy 4% beany serriarinatededyby t he gears
12, 14, and 14a, the crank 15, the connecting rod 16, and the
REPLACEMVENT SHEErticles that may be produced by theg friction of the

- 16- | i ke, does not nove to, the wafers 40. This reduces the

possi bi lity of dHgingr exceotERnFl o MecheBdsBy particles that may
be produced by the friction of the riving force transmtting

mechani sm 95 S§fe OSPREr MRBRR SRR A% bepEsadetr t%rep‘feé’t}br’#‘et he

riving force (O EMFRPnaEHarrErt T PoxFatlaq el R MY % ef foctive to
20 Ut 10, LSO b, o PR Loty LAARRL o0 T
For example, it is effective to adjust the diameter of
each supply port 21c¢ or to form a partition for
10 separating the wafers 40 and the driving force
transmitting mechanism.
Fig. 6 is a view schematically showing the
arrangement of a wafer processing system in which a
plurality of wafer processing apparatuses are arranged.
15 Wafer processing apparatuses 100a to 100c¢c have
essentially the same construction as the wafer
processing apparatus 100 described above. In this
embodiment, the apparatuses 100a and 100c are used as
cleaning apparatuses, and the apparatus 100b is used as
20 an etching apparatus.
Each of single wafer transfer robots 60a to 60c
holds a wafer by wvacuum-chucking the rear surface of the
wafer. Under the control of a computer, the transfer
robot 60a vacuum-chucks a wafer 40 completely pfocessed
25 1in the preceding step, transfers the wafer 40 to the

cleaning apparatus 100a, and sets the wafer 40 so that

THIS SREET HAS BIEN
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transmtting nmechani sm Fig. 6is a V|em1schenatrca#fy—shewrﬁg

t he arrangenent of a wafer processing systemin whj L? ity
of wafer processing apparatuses are arranged. 15 Wafer aced
apparatuses 1l 0a to | 00c have essentially the sanme mms t he
waf er processi ng apparatus 100 descri bed above. In

enbodi nent, the apparatuses | 00a and | 00c are used as cleanlng
apparatuses, and the apparatus 100b is used as 20 an etching apparatus.
Each of single wafer transfer robots 60a to 60c hol ds a wafer by

vacuum chucki nG:Hdqairear rsuEf 86 ecofrddpnding ¥Rb6%es Undelost Rareentrol of a
conputer, the transfer robot 60a vacuum chucks a wafer 40 conpletely

processed 25 igbtdte gl @cadi DU 6f efhe d1dRSHAGSapPera@ieri0dR .t owhEe a

cl eani ng apparatus | 0a, and sets the wafer 40 so that

- 17- t frafRfteimiinkd himser ref prifersg40r avessdtlarnfa wafer

rotating rods 11 of the cleaning apparatus 100a. Wen a pr edet er m ned
nunber of waf ensrot@saiegsbathnl@, wHercleaningr appasatng it ectihes

cl eani ng apparatus | 00a executes 5 cleaning processing while rotating the
waf er rotat Bng cleaningdprotessiiay whid e ampaténgcome reifer rotating When the
cl eani ng apparatus | 00a conpletely cl eans the wafers 40, under the
conput er contr dfodshd 1 padsrethe compyisst c@DBrohecuum chucks the wafer 40 in
t he waf er

When the cleanlng apparatus 100a completely cleans
the wafers 40, under the computer control the transfer
robot 60b vacuum-chucks the wafer 40 in the wafer

10 processing bath 10 of the cleaning apparatus 100a,
transfers the wafer 40 to the etching apparatus 100b as
the next wafer processing apparatus, and sets the wafer
40 so that the wafer fits in the corresponding grooves
1lla of the wafer rotating rods 11. When a predetermined

15 number of wafers are set in the wafer processing bath 10,
the etching apparatus 100b executes etching processing
while rotating the wafer rotating rods 11 under the
computer control.

When the etching apparatus 1l0c¢ completely etches

20 the wafers 40, under the computer control the transfer
robot 60c¢c vacuum-chucks the wafer 40 in the wafer
processing bath 10 of the etching apparatus 100b,
transfers the wafer 40 to the cleaning apparatu§ 100c as
the next wafer processing apparatus, and sets the wafer

25 40 so that the wafer fits in the corresponding grooves

lla of the wafer rotating rods 11. When a predetermined

1 THIS SHEET HAS BLEN
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10 processing bath 10 of the cl eaning appératus-#eear————_~LLan§L§rs t he
wafer 40 to the etching apparatus |00b as t he_ next wafer processing
apparatus, and sets the wafer 40 so that themﬁiﬁmmm

correspondi ng grooves 1lla of the wafer rotatin n a
predetermned 15 nunber of wafers are set in the ng bath
10, the etching apparatus 100b executes etching processing whi | e
rotating the wafer rotating rods 11 under the conmput er control.

When the etching apparatus 10c conpletely etches 20 the wafers 40, under

the conputer copifly e waraRsf 8Fe set fiPRGe GREeVAGHYRSIMIK DAtRE 10af er 40
I n the wafer processing bath 10 of the etching apparatus 100b,

transfers the wederc¥idiogt Bepatatns N EPRIESs 1806amtng proddiingxt
waf er processing apparatus, and sets the wafer 25 40 so that the wafer

fits in the corgieERonditagiggoenaswafer Adttatdhgt Redwalerunddmtibieg rods 11.
When a predeterm ned

REPLACEVENT SHEEmputer contmgber of wafers are set in the wafer processing
bath 10 t he cl eani ng apparatus 100c executes cl eaning whi |l e
rotating thé waf er riigt 7nghowslsarkthemdexampde of tlepmpmisérucbaonodf 5

Fi g. 7 shows anot her exanple of the construction of the wafer rotating
mechani sm Thi sthefwrfemiratiatdng mechariami sFhis owaer adtatdnbon of rocki ng

waf er support menbers in the wafer processing bath 10 and a function
mechanism 110 has a function of rocking wafer support

members in the wafer processing bath 10 and a function
of raising the wafer support members to a position above
10 the wafer processing bath 10, thereby endbling loading
and unloading of the wafers 40 outside the wafer
processing bath 10. The former function can make the
processing performed for the wafers 40 more uniform. The
latter function facilitates loading and unloading of the
15 wafers 40. With this function, it is also possible to
move wafers to another processing bath while the wafers
are set in the rotating mechanism.
In this wafer rotating mechanism 110, two rod
support members 18 and 18' are connected by connecting
20 members S51. fhe motor 19 is fixed to the rod support
member 18' rather than the overflow bath 20. An arm 52
for moving the wafer rotating mechanism 110 by a robot
is attached to the rod support member 18°.
Fig. 8 is a view showing an outline of the
25 arrangement of a wafer processing apparatus including

the wafer rotating mechanism 110. A robot 50 can sink

| THIS SHEET HAS BEEN
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of raising the wafer support nmenbers to a position abg\é%rj%w
processi ng bath 10, thereby enabling | oading and oadi ng of the

waf ers 40 outside the wafer processing bath 10. T gaﬁy&ﬂaﬂﬁmﬁm@ﬁ
can make the processing perfornmed for the wafers 4 The
| atter function facilitates | oading and unl oadi ng of the mﬁ B\

Wth this function, it is also possible to nove maf

processing bath while the wafers are set in the rotating nechanlsn1
In this wafer rotating mechanism 110, two rod support nenbers 18 and

18 are connect %d%aq%n%abl #8f e Or JEITISLS madharl 16 MOAPEN kY badf Exefd to the
rod support menber 18 rather than the overflow bath 20. An arm 52

for noving the mef Qfafiedt gkbagsgﬁ@@%amlblﬁn_aératm@mzintrol_ dfsaattached to
the rod support menber Fig. 8 is a view showi ng an outli‘ne of

the 25 arrangeféputelr.a TMeésifqyecaasens eppdsatist ontkidentghe wafdéhe

waf er rotating nechanism 110. A robot 50 can sink

-19- processing- bdfh-10. Alsandwafiese ddre bsamewedotat angtiechani sm
110 into and from t he waf er processing bath 10 under the control of a
conput er . Ther ghressiabebstbavhble swinguisetdént hewakderotatingr ocessi ng
bath 10. Al so, wafers can be noved to another 5 processing bath while

bei ng set in ameshanisst 31Png Additienehdwi skhe pbokd &0t hamaR| Funewiton obot

50 has a function of vertically and _horizontally rocking the wafer
rotating mecharftfsiertdcadly nandberiznieddy; ngching the wafer

rotating mechanism 110 in the wafer processing bath 10.
wWith this function the processing performed for wafers

10 can be made more uniform.

Examples of the wafer processing performed by the
wafer processing apparatus 100 will be described below.
[Example 1]

This example is directed to cleaning processing.

15 Wwafers were set in the wafer processing bath 10
filled with ultrapure water, and ultrasonic waves of
about 1 MHz were applied to clean the wafers while the
wafers were rotated. By this cleaning, 90% or more of
particles on the wafer surfaces were removed. Also, this

20 removal of particles was done uniformly on the wafer
surface.

[Example 2]

This example concerns cleaning processing using a
solution mixture of ammonia, hydrogen peroxide, and pure

25 water. Cleaning using this solution mixture is suited to

particle removal from the surface of a silicon wafer.

~ 19 - THIS SHEET HAS BEEN
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Wth this function the processing performed for méTéTs-éO‘thﬂ~Q§hg§de
nore uni form Exanpl es of the wafer processing perforne t he
waf er processing apparatus 100 will be described be hieet Has gy anLe 1]

bR
This exanple is directed to cleaning processing. 15 tﬂ re set
in the wafer processing bath 10 filled with ult I:ﬁd
e
20

ul trasoni ¢ waves of about 1 WMHz were applied to clean t rs while
t he wafers were rotated. By this cleaning, 90% or nore of
particles on the wafer surfaces were renoved. Al so, this removal of

particles was done ugifiidH wa¥erkhRe¥Bigdt in theUWhaEs. procesdimgpl e 2]
Thi s exanpl e concerns cl eaning processi ng using a sol ution m xture of

anmoni a, hydr ogestweroxidg edandtRus eso Rt i ot kturs 6ANdnibrisi,Ng this
solution mxture is suited to particle renoval fromthe surface of a
silicon wafer. hydrogen peroxide, and pure water at abe@0-80°C. While
Silicon wafers were set in the waf processing bath 10 filled with a
sol uti on m xt urthefwaflfamnivere rotateds agdnrgsendxi devesanof mhyeaitwdt dHzat
about 80[err]C. Wile the wafers were rotated, ultrasonic waves of
about 1 MHz 5 5 were agpliiedd toocttaantheavafsivsr.s. BBythid s lebnangng9595%

or nore of particles were renoved fromthe wafer surfaces. Also, this
renoval of par t9%|Rerenef pemsicles were removed from the wafer

surfaces. Aalso, this removal of particles was done
uniformly on the wafer surface.
[Example 3]

10 This example pertains to etching of a silicon layer.

Silicon wafers were set in the wafer processing
bath 10 filled with a solution mixture prepared by
mixing hydrofluoric acid, nitric acid, and acetic acid
at a ratio of 1 : 200 : 200. While the wafers were

15 rotated, ultrasonic waves of about 0.5 MHz were applied
to etch the wafer surfaces for 30 sec. Consequently, the
silicon wafers were uniformly etched by about 1.0 um.

The uniformity of the etching rate was *5% or less on
the wafer surface and between the wafers.

20 [Example 4]

This example relates to etching of an SiO, layer.
Hydrofluoric acid is suitable for the etching of an SiO,
layer.

Wafers on which an S8i0, layer was formed were set in

25 the wafer processing bath 10 filled with 1.2%

hydrofluoric acid. While the wafers were rotated,

TS SHEET HAS BEEN
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uniformy on the wafer surface. ( Exampl e -3j
pertains to etching of a silicon |ayer.

inth
pr epa

at aratio of 1 : 200 : 200. Wile the wafers werig

e wafer
red by

This—exanpl e

ure

processi ng bath 10 filled witHY s
: tic acid

m xi ng hydrofluoric acid, nitric

waves of about 0.5 MHz were applied to etch the wafer surfaces for

sec.
1.0 u

O?ﬂé\ﬁ sdwere set

ultrasonic

30

Consequently, the silicon wafers were uniformy etched by about

m.

The uniformty of the etching rate was 5% or |ess on

waf er surface agteheidErn wakRRsvatessout 29, 5 mnﬁbﬁe‘%pplled to etHh S

exanple relates to etching of an SiQ2 | ayer

rofluoric acid is

suitabl e for thehetsio,NUapér afosSiFY eyed]. Conséq’lwﬂtly, the $io, Wakers on
which an SiJerr] Iayer was formed were set in 25 the wafer processmg

bath 10 fill ed waé hardif29mly etbhiddoby ustsout acnth. Whe ertiferwdter sfwer e

r ot at ed,

SHEET
the S

3% or
5]

i err]

t he

21 - REPLACENMENT

ul thassmiltingaraseovaabbl® @ Saddz onethe appfér dsurfagtech

| ayer for 30 sec. Consequently, the Sierr] |ayer was
uni form y eticheandybetiymen £henwafeesuni formity of

| ess on the wafer surface 5 and between the wafers. [ Exanpl

1o

15

20

25

[Example 5]

This example is about to etching of an Si,N, layer.
Hot concentrated phosphoric acid is suitable for the
etching of an Si,N, layer.

Wafers on which an Si,N, layer was formed were set
in the wafer processing bath 10 filled with hot
concentrated phosphoric acid. While the wafers were
rotated, ultrasonic waves of about 0.5 MHz were applied
to etch the Si,N, layer. Consequently, the SiN, layer
was uniformly etched by about 100 nm. The uniformity of
the etching rate was 3% or less on the wafer surface
and between the wafers.

[Example 6]

This example exemplifies to etching of a porous
gilicon layer. A solution mixture of hydrofluoric acid,
hydrogen peroxide, and pure water is suitable for the
etching of a porous silicon layer.

Wafers having a porous silicon layer were set in
the wafer processing bath 10 filled with a solution
mixture of hydrofluoric acid, hydrogen peroxide, and

pure water. While the wafers were rotated, ultrasonic

REPLACED
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the etching rate was
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This exanple is about to etching of an Si[err]Nerr] |ayer. Hot
concentrated phosphoric acid is suitable for the etching of an
Si[err]N[err] layer. 10 Vafers on whi ch anrgi G phadkel repAS4 f or med
were set in the wafer processing bath 10 fille

concentrat ed phosphoric acid. Wile the wafers werec”m&[lw HJHHI
ul trasoni c waves of about 0.5 MHz were applied

Si[err]NJerr] layer. Consequently, the-Si3N4 |layer 15 was uniformy etched
by about 100 nm The uniformty of the etching rate was 3% or | ess on
the wafer surfaggves of asbdietowesnvibewswd efpblied to( Exaptite @orous

This exanple exenplifies to etching of a porous 20 silicon layer. A

sol ution m xt ur 8idicdrydifdrior Condedqubntly, thydpogeus peiloidote laged pure
water is suitable for the etching of a porous silicon |ayer.

Vaf ers havi ng awpsraousfainly @tchadebywerim seffhenuniformithe ofaftdye processing
bath 10 filled with a solution 25 mxture of hydrofluoric acid, hydrogen
peroxi de, and etchimmrmateamwas. 10k be léss waf dhe welferrsunface and r asoni ¢

-22- waves of about . 0.25 Mz were applied to etch the porous
silicon |aydr. behweecihe Waftelﬂfé -porous silicon |ayer was uniformy
etched by 5 um The uniformty of the etching rate was 3% or | ess on

the wafer surface anot® thad \E@@ﬂ“‘@ﬁ@%’?‘ér%f etching of porous
silicon is disclosed in K. Sakaguchi et al., Jpn. Appl.

Phys. Vol. 34, part 1, No. 2B, 842-847 (1995). According
to this reference, porous silicon is etched when an
10 etching solution penetrates into the pores of porous
silicon by a capillary action and etches the walls of
the pores. As the walls of the pores become thinner,
these walls cannot support themselves beyond some point.
Finally, the porous layer entirely collapses to complete
15 the etching.
[Example 7]

This example concerns an SOI wafer fabrication
method. Figs. 9A to 9F are sectional views showing the
steps of the SOI wafer fabrication method according to

20 this example.

First, a single-crystal Si substrate 501 for
forming a first substrate was anodized in an HF solution
to form a porous Si layer 502 (Fig. 9A). The anodization
conditions were as follows.

25 Current density : 7 (mA/cm?®)

Anodizing solution : HF : HO : CHOH = 1 : 1 : 1

- 22 -




Not e that the nmechani sm of etching of porous Si Heon—+s drsctosed i n
K. Sakaguchi et al., Jpn. Appl. Phys. Vol . 34, parf. oot N3¢ 44- 847
(1995). According to this reference, porous silic n an
10 etching solution penetrates into the pores of porou Eﬁﬁ“ﬁrby a
capillary action and etches the walls of t he pores. 1%t of

t he pores becone thinner, t hese wal | s cannot support thensel ves beyond
some point. Finally, the porous |ayer entirely collapses to conplete
15 the etching. [ Exanple 71 Thi s exanpl e concerns an SO
waf er fabrication mpijpdrethod. Figs. 9A.t919ma{)e sectional views show ng

t he steps of the SO wafer fabrication nethod according to 20 this
exanpl e. Horodls, S& shilgkfess ystap Gimpsubstrate 501 for

formng a first substrate was anodi zed in an HF sol ution to forma -
porous Si layer 502 dubs@quéAlly Jheh@ntswalangnsubstraondidd eldowede as
follows. 25 Current density: 7 (mdcnferr]) Anodi zi ng
solution : HREo dffidizkOin ag] exyded extmjoSphere at 1400°C for 1 h. By

-23- Ti me » 11 (mn) Por ous Si

t hi ckness 512 tthirg oxidation, Eubsiemeanmiallst hE pexes tahttheuborpuse was

al | oned

Si layer 502 were covered with a thermal oxide film.

A 0.30-pm thick single-crystal Si layer 503 was
epitaxially grown on the porous Si layer 502 by a CVD
(Chemical Vapor Deposgition) process (Fig. 9B). The

10 epitaxial growth conditions were as follows.

Source gas : SiH,CL,/H,

Gas flow rates : 0.5/180 (8 /min)

Gas pressure : 80 (Torr)

Temperature : 950 (°Q)

15 Growth rate : 0.3 (pm/min)

Next, a 200-nm thick SiO, layer 504 was formed on
the single-crystal Si layer (epitaxial layer) 503 by
thermal oxidation (Fig. 9C).

The first substrate thus formed as shown in Fig. 9C

20 and an Si substrate 505 as a second substrate were so
adhered as to sandwich the SiO, layer 504 (Fig. 9D).

The single-crystal Si substrate 501 was removed
from the first substrate to expose the porous S% layer
502 (Fig. 9E).

25 The wafers shown in Fig. 9E were set in the wafer

processing bath 10 filled with a solution mixture of
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to oxidize in an oxygen atnosphere at 400[err]C for 1 h. By 5 this
oxi dation, the inner walls of pores of the porous S Tayer—502-we

covered with a thermal oxide film A 0. 30rHsy, S|n | e- crysta
Si | ayer 503 was epitaxially grown on the porou ° by a CVD
(Chem cal Vapor Deposition) process (Fig. 9B). The gromﬁh
conditions were as foll ows. Sour ce gas

SiHerr]Cl[err]/Herr] Gas flow rates : 0.5/180 ([err]/n1n)

Gas pressure 80 (Torr) Tenper at ure 950 ([err]C) 15
Gowh rate  py d&ﬁddﬂ’cma&id hydrogen MW¥oxide208nd it Garaal err]

| ayer 504 was forned on he single-crystal Si | ayer (epitaxial |ayer)
503 by t heynred e Géﬁéjafalf@@s(ﬁéﬁe fdBated, ultrasonilbesdidsiofs whslitat e

thus forned as shown in Fig. 9C 20 and an Si substrate 505 as a second
substrate were ¢6@5 MHz adirer afplbed ots astili thet porSuePsi dyarer5S®H2( Fi g. 9D).

The single-crystal Si substrate 501 was renoved fromthe first
substrate to ex{imze PRE. pdheusndformyey of theb@Rching. r&& .of e The
wafers shown in Fig. 9E were set in the wafer processing bath 10
filled with5a spdrauisorBinibayere502 was 5% or less on the wafer surface -24-
hydr of | uori c acid, hydrogen peroxi de, and pure water. Wil e the wafers

wer e rot at ed, ang hateenndheswaferpouBy applying ultrasonic waves

while wafers are rotated as described above, it is
possible to uniformly promote the collapse {(etching} of
porous Si on the wafer surface and between the wafers.

10 In the etching of the porous Si layer 502, the
single-crystal Si layer (epitaxial layer) 503 functions
as an etching stop layer. Therefore, the porous Si layer
502 is selectively etched on the entire surface of the
wafer.

15 That is, the rate at which the single-crystal Si
layer 503 is etched by the etching solution described
above is very low, so the etching selectivity of the
porous Si layer 502 to the single-crystal Si layer 503
is 10° or more. Accordingly, the etching amount of the

20 single-crystal Si layer 503 is about a few tens of A and
practically negligible.

Fig. 9F shows the SOI wafer obtained by the above
steps. This SOI wafer has the 0.2-pum thick single-
crystal Si layer 503 on the SiO, layer 504. The £film

25 thickness of this single-crystal 8i layer 503 was

measured at one hundred points over the entire surface
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0.25 MHz were applied to etch the porous Si |ayer 502 ——(Fig._9F). The
uniformty of the etching rate of the 5 porous Si Iayer 502 mas 5@6or Iess

on the wafer surface and between the wafers.

waves while wafers are rotated as descri bed above |bIe
to uniformy pronote the coll apse (etchlng) of poro fer
surface and between the wafers. In the etching of the por

| ayer 502, the si ngl e- crystal Sl | ayer (epitaxial |ayer) 503 functlons

t chi t Th f , th S| 502 i
Sel ecti vel I”&%&%ﬁmoﬁfﬁaﬂﬁpmé b the . wafer. 15 That
is, th t t wh I tal Si I tched by th
S IR L Rk e L e
| ectivit f t I
SSLSCtTVILY O blromen UG AUy BLod Suluoe %ﬁ.%@kﬁggun%ﬁﬁ
si ngl e- crystal1§| h%%grt Q3 | f lgoq%hgggktggstﬁg {% ractlcally
g ows the al ne

negl i gi bl e. waf er he above

steps. This [ Ipgke ﬁﬁgdﬂp Si | ayer
503 on the e_rriﬁ ayer R’% %a‘k?itfﬂ‘é}#a% :h%l: %‘é‘ées I%J?éthl S
si ngl e- crystal )aYQme5Q%oWa§ean-sq&£@§Qﬁ?@h@ts@ﬁﬁmﬁyﬂﬂﬁgﬁm@%snﬁﬁ over

the entire surface and
found to be 20la nwquakenmegion of 5 pm side was about 0.2 nm. This

quality is equivalent to that of common Si wafers on the
market.

10 Also, after the above heat treatment the cross-
sections of the SOI wafers were observed with a
transmission electron microscope. As a conseguence, no
new crystal defects were produced in the single-crystal
Si layer 503, indicating that high crystallinity was

15 maintained.

It is possible to form an Si0, film on the single-
crystal Si film (epitaxial layer) 503 of the firét
substance as described above, on the surface of the
second substrate 505, or on both. In any of these cases,

20 results similar to these described above were obtained.

Furthermore, even when a light-transmitting wafer
such as a quartz wafer was used as the second substrate,
a high-quality SOI wafer could be formed by the above
fabrication steps. However, the heat treatment in the

25  hydrogen atmosphere was performed at a temperature of

1000°C or less in order to prevent slip in the single-
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In this exanple, a heat treatnmen was further perfornmed in a hydrogen
at nosphere at 1100[err]C for about 1 h. When the surface roughness of
the resultant SO 5 wafers was evaluated with an atom c force m croscope
(AFM), the root-nean-square of the surface roughness mSheetHaséeWu“ qed

region of 5 um side was about 0.2 nm This qual it t to
that of common Si wafers on the mar ket. 10 he
above heat treatnent the cross- sections of the SO wafers were
observed with a transm ssion el ectron mcroscope. As a consequence, nho
new crystal deferystalkerd Jayencsd3i cavsed dinghe- digfentnce betsteemayer 503,
indicating that high crystallinity was 15 maintained. S
possi bl e to forthantiSdadr eiphnsionncedtl giinyits- of the cayanty (fgeqondm
(epitaxial layer) 503 of the first substance as descri bed above, on
the surface of sWestrate)saashgbeupbrgbeecnitaloflohaBe¥P03n any of these
cases, 20 results simlar to these descri bed above were obtai ned.
Furtherm)re evEREgRE B i ght-transmtting wafer such as a quartz

bo or e Efﬁ:? Qi‘sah?,%afs? s Ubslté;afLBﬁfE?%p%o oot SOF R fwf‘ﬁ cat mont
' 25
1000[ 611 C or | BT GTO AL oVt SSHeh ol n S FES oL ot e’
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expressed by drawings are the same as those shown in
Figs. 9A to 9F, so the method will be described below
with reference to Figs. 9A to 9F.

10 First, a single-crystal Si substrate 501 for
forming a first substrate was anodized in an HF solution
to form a pérous Si layer 502 (Fig. 9a). The anodization
conditions were as follows.

First stage:
15 Current density : 7 {mA/cm?)

1:1 -1

Anodizing solution : HF : H0 : Cszoﬁ
Time . : 5 (min)
Porous Si thickness : 5.5 {}m)
Second stage:
20 Current density : 21 (ma/cm?)
. Anodizing solution : HF : HO : CHOH =1 : 1 : 1

Time 20 (sec)

.

Porous Si thickness : 0.5 (pm)

Subsequently, the resultant substrate was allowed

25 to oxidize in an oxygen atmosphere at 400°C for 1 h. By

this oxidation, the inner walls of pores of the porous
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crystal Si layer 503 caused by the difference the-t—l'ref—ﬁ‘ai—e*pans-i—en—

coefficients of the substrate) and the single- crys,} | | ayer 503.

[ Exanple 81 5 This exanple is directed to anot her I 1 Replaced
fabrication nmethod. Fabrication steps which can be ﬂ ﬂMML
drawi ngs are the sane as those shown in Figs. 9A to ' od
w Il be described bel ow with reference to Figs. 9Ato 9F. 10
First, a single-crystal Si substrate 501 for . forming a first substrate
was anodi zed in an HF sol ution to forma porous Si |ayer 502 (Fig.
9A). The anodi z&ii ényer 502:omﬁet |0@N§r®ér\§l‘é1$ & diegmel oxiderfilm. stage: 15
Current density Anaodi zi ng sol ution - HF
Herr]0 : Jerr]H8&r P}@rPﬁllt@cl‘ s:Lngle—crysqar]neSl layer 503 was . 5
(mn) Porous_Si thickness. : 5.5 (um Second sta e 20
Current densi tyepltaX1a3211Y(9‘m"@r[°§r FP)? porous Si 1aKﬁ§d5912n]§Ys%l . HF
- Herr]0 :Jerr e[ : 20
(sec) Eg%ﬁ“ 'a%lé’amﬁ 8898§§t1°nb grc(qﬁﬁs (F1g 9B) . @&%sequently,
t he resultag subs rat e, was 25 to oxi %?rnli an oxygen at nosphere
at 400[err]Cfo ﬁXl?%/ Sroitn tcl‘?r'n R E LA ACH atsh R&P-wal s of pores of

t he porous -27 -

Source gas : SiH,Cl,/H,
Gas flow rates : 0.5/180 (0 /min)

Gas pressure : 80 (Torr)
Temperature : 950 (°C)
10 Growth rate : 0.3 (pm/min)

Next, a 100-nm thick SiO, layer 504 was formed on
the single-crystal Si layer {(epitaxial layer) 503 by
oxidation (Fig. 9C).

The first substrate thus formed as shown in Fig. 9C

15 and a second Si substrate 505 were so adhered as to
sandwich the S$iO, layer 504 (Fig. 9D).

The adhered wafers was separated into two wafers
from the porous Si layer formed at a current density of
21 mA/cm® (second stage), thereby exposing the porous Si

20 layer 503 to the surface of the second substrate 505
(Fig. 9E} . Examples of the method of separating the
adhered wafers are 1) mechanically pulling the two
gubstrates, 2) twisting the substrates, 3) presgurizing
the substrates, 4) driving a wedge between the

25 substrates, 5) peeling the substrates by oxidizing from

their end faces, 6) using thermal stress, and 7)

- 27 =




Si | ayer 502 were covered with a therma oxide film A 0.15-um
thick single-crystal Si layer 503 was epitaxially grown on the
porous Si |ayer 502 by a CVD (Chem cal Vapor DeposithisGhget §ds Be@RSplaced

(Fig.9B). The 5 epitaxial growmh conditions were as fol||HE FI
Sour ce gas : SiHerr]C[err]/Herr] Gas flo umﬂ“ﬂ
([err]/mn) Gas pressure : 80 (Torr)

950 ([err]C) 10 Gowth rate : 0.3 (unimn) Next, a
100-nmthick Sio[err] layer 504 was formed on =~ the single-crystal Si

| ayer (epitaxi adpphyirg WiEFasgnic wawes datidbdt( Fsgpossible to The
first substrate thus forned as shown in Fig.9C 15 and a second Si
substrate 505 wepkeakivaipeuse auvtof thesemelhcds-the Si 2 | ayer 504 (Fig.
9D) . The adhered wafers was separated into two fers from

the porous Si |ayer Ff HaFeR® FHOWRr LhtFtRndEtYeTR Set 1 Ehanyafpr (second

t , th b i h | . 2 | 03 to, th f th

Second subst r ot RESGRSETHY wafR’ 0 BRI Te ity G ¥GIuERen RIHHF S B bepar ati ng.

th d . 1 i cal | L h

o en B Sl OB Bt B o,

zﬂgzz ;ZE 22’ b4) ﬁlﬁ%i’é G2 W98 QSE&BIF;&&&% %ﬁtrﬁggﬁ%§ A LPas @%%%%lu]ltng the
y oxidrzing from thert erd Taces, usi ng thermal -

ZLEE_SI_S and 7) g.25 MHz were applied to etch the porous Si layer SOsPLACEMENT

180

(Fig. 9F). The uniformity of the etching rate of the
porous Si layer 502 was 5% or less on the wafer surface
10 and between the wafers. By applying ultrasonic waves
while wafers are rotated as described above, it is
possible to uniformly promote the collapse (etching) of
porous Si on the wafer surface and between the wafers.
In the etching of the porous Si layer 502, the
15 single-crystal Si layer (epitaxial layer) 503 functions
as an etching stop layer. Therefore, the porous Si layer
502 is selectively etched on the entire surface of the
wafer.
That is, the rate at which the single-crystal Si
20 layer 503 is etched by the etching solution described
above is wvery low, so the etching selectivity of the
porous Si layer 502 to the single-crystal Si layer 503
is 10° or more. Accordingly, the etching amount of the
single-crystal Si layer 503 is about a few tens of A and
25 practically negligible.

Fig. 9F shows the SOI wafer obtained by the above

- [ s ShEET mAy
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- 28 - applying ultrasonic waves, and it is ossible

sel ectively use any of these nethods. The wafers shown in %%: 9E
were set in the wafer processing bath 10 fill ed wirhis Smedsis B 2

m xture of 5 hydrofluoric acid, hydrogen peroxide, and

Wiile the wafers were rotated, ultrasonic waves of about wer e
applied to etch the porous Si |ayer 502 (Fig.9Fp). T nitormty of
the etching rate of the porous Si |ayer 502 was 5% or |ess on the

waf er surface 10 and between the wafers. By applying ultrasonic waves
whil e waf ers aretgms at atiigssdeswafdehaabane, OL1-jus thick pdsgilkle to
uniformy pronote the coll apse (etching) of porous Si on the wafer
surface and betaepstdhesinvdlagies. 503 on the Jil,t heyet d0dng Thetfitinpor ous Si

| ayer 502, the 15 single-crystal Si |ayer (epitaxial |ayer) 503 functions
as an etchi ng stinpchreser ofThbrief singlée-herysradusiSilayay 03 was 502 is

sel ectively etched on the entire surface of the waf er . That
is, the rate atmedswted bt oneghendredtpdirgis oXer khgeent3: isuxdlacieed by t he
et ching sol ution descri bed above is very low, so the etching

sel ectivity5of apd found ger bes18l nmyer3 30 to the single-crystal Si |ayer
503 is 10[err] or nore. Accordingly, the etching anmpunt of the
single-crystal Si | alRrthyss W@ﬁ&utagh?%‘wqthwaﬁdfué@e’bract ically

negligible. performeéqf% aQEy%QSEQntafaégghéQ%fSE 9?65ud“¥grb¥bggg ?bove
h. When the surface roughness of the resultant SOI
wafers was evaluated with an atomic force microscope

10 (AFM), the root-mean-square of the surface roughness in
a square region of 5 um side was about 0.2 nm. This
quality is equivalent to that of common Si wafers on the
market. -

Also, after the above heat treatment the cross-

15 sections of the SOI wafers were observed with a
transmission electron microscope. As a consequence, no
new crystal defects were produced in the single-crystal
Si layer 503, indicating that high crystallinity was
maintained.

20 It is possible to form an Si0O, film on the single-
crystal Si film (epitaxial layer) 503 of the first
substrate as described above, on the surface of the
second substrate 505, or on both. In any of these cases,
results similar to these described above were obtained.

25 Furthermore, even when a light-transmitting wafer

such as a quartz wafer was used as the second substrate,
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- 29- steps. This SO wafer has the 0.1-umthick single-
crystal Si- layer 503 on the SiJerr] layer 504. The TiTm thicknress of

this single-crystal Si layer 503 was nmeasur ed at re oi nts
over the entire surface 5 and found to be 101 nm 3Thg%ﬁee%la@§een%ﬁ”f"ﬂ this
exanple, a heat treatnent was further per f or med IB&":’MEH&H m

at nosphere at 11000C for about 1 h. When the surf of the
resul tant SO waf ers was evaluated with an atom c force mcroscope 10
(AFM, the root-nean-square of the surface roughness in a square

regi on of 5 um &ikiohvemadiidut SOIowaker mAwld be fouued thy the@liova ent to

that of common Sii wafers on the so, .after the

mar ket , Al
above heat treafderication: sseps. fHpwavexy i 5he Beat Heresdimepss éRsther e
observed with transm ssion el ectron mcroscope. As a cons%guence, no
new crystal def BEUEOGRR ELIOSHREER VoS (PRF ST aE: JOTeMPSTaturs Sfayer 503
I ndi cating that., hi crystallinit | ntai_ned. 0. . It is
possi ble to for%&gﬂqéfﬁgg?Ff }?I%%%%pﬁﬁbpgﬁxgﬁg-éf&pgﬂ%ﬁ%%tgﬁngﬁefiIm
(epitaxial layer 0 . fi S te. [i ove, on
t he surface 5gf ?#éssta% Cglst&%g'ﬁﬁ éﬁ%s??%%%ég%;&%r Sﬁﬁﬁ%%ﬁ.e Iblroleetgvr?%%of t hese

cases, " OSHL SRR ek 65 O 1A N6 500V En R £uAY e 25

Furt hernore, evén en a ransm I Ng warer as a quartz

waf er was used ggndhe38CARd $HRSEIAYfe-crystal Si layer 503.

In this example, the first substrate (to be

referred to as the separated substrate hereinafter)

10 obtained by separating the adhered wafers into two
wafers can be reused. That is, the separated substrate
can be reused as the first or second substrate by
selectively etching the porous Si film remaining on the
surface of the substrate by the same etching method as

15 for the porous Si film described above and processing
the resultant material (e.g., annealing in a hydrogen
processing or a surface treatment such as surface
polishing}.

In examples 7 and 8 described above, epitaxial

20 growth is used to form a single-crystal Si layer on a
porous Si layer. However, it is also possible to use
other various methods such as CVD, MBE, sputtering, and
liquid phase growth in the formatioﬁ of a singlg*crystal
Si layer.

25 Also, a semiconductor layer of a single-crystal

compound such as GaAs or InP can be formed on a porous
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- 30 - a high-quality SO wafer could be fornmed by the above

fabrication steps. However, the heat treatnment in the hydrogen

at nosphere was perforned at a tenperature of u@mﬁghg@&ﬂa§

order to prevent slip in the single- 5 crystal Si by t he
di fference between t he thermal expansion coefflcmﬂugmﬁ"ﬂw ﬁuartz
(second substrate) and the single-crystal Si |ay

this exanple, the first substrate (to be referred to as the separated
substrate herelnafter) 10 oht ai ned by arating, the agdhered wafers into

t wo waf er s Jea:“f"w r, spd taxhal g%"‘”"'tl'f?r LEpBLS ekf FRgPe can be

reused as the fir se d SHbstrgte b selectively etchin the

por ous Si f|In1V ﬁn QS%DFH Eﬁﬁqéhﬁy GEVERES ST ARt e G B same

et chi ng nethod 15 f he p ous fil "des above an roceSS|ng

the resultant %@A& %ﬁ?i %u‘—’frntz hyd oggﬁg Cam\1C’p g@%??l ng or

surface treatnent s ac | exanpl es 7
eplx?r%xfe glEgougﬁ) vé s%hﬁ@an mi‘"ét%‘? rh)fa iﬁls

and 8 descri bed above h 'S used

Singl o crysial fhald¥flo? eid an8OS0H yBrdoiChorSONRY e ddidatndl SO

possi bl e to use er various sputtering,
and L qui df&Paa?r? éifc@x%@ 5814880k Oféiatéélféc%véh?' Sekendy ¥ idrous S
| ayer. 25 Al so, a sen conductor |ayer of a single-crystal

conpound such ag; Gafyferor thitP fealowend EHEA MY sBLALLENS are also
suited. This is so because porous Si has an enormoes
surface area and hence can be readily selectively etched.
10 {a) hydrofluoric acid
{b) solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to hydrofluoric
acid
(c) buffered hydrofluoric acid
15 (d) solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to buffered
hydrofluoric acid
{e) solution mixture of hydrofluoric acid, nitric
acid, and acetic acid
20 Note that the other fabrication steps are not
limited to the conditions in the above examples, and so
other varioqs conditions can be used.
The present invention can make wafer processing
uniform.
25 The present invention is not limited to the above

embodiments and various changes and modifications can be
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-31- Si layer by epitaxial growth. If th s is the case, mafers
suited to high-frequency devices such as "GaAs on S and "GaAs o

G ass (Quartz)" and CElI C can be made. FurthﬁﬁmEﬁiasﬁéeﬁ
solution m xture of 49% 5 hydrofluoric acid and 30@6 eis
sui tabl e for an etching solution for selectively mgﬁﬂlﬂ’ ﬁ%{
Si layer, the follow ng etching solutions are al so |s SO
because porous Si has an enornous surface area and hence can be

readily selectively etched. 10 (a) hydrofluoric acid
sol uti on m xt ureegs &idhdd [ﬂi‘eaﬁﬁ?-ﬁbt :Rndr §§§Pe of tlé%eplﬁﬁs%tcohol and

hydr ogen peroxi de tao ,hydrof] uor ered
hydr of | uori ¢ act¥eH 5£ T£ é%ﬁﬁmnqo ﬁpﬁF%F%rEhﬁ)QHEQ;QAO R8P RgPat
| east one 0 cohal and h dr oge to b fered
hydrof l uoric ac? {1éhe present(é %h?(ﬁ#‘ %éh PELDY 36 P29%ei d,

nitric acid, and acetic acid 20 Not e that the other fabrlcation
steps are not limted to the conditions in the above exanples, and so
ot her various conditions can be used. The present invention can
make wafer processing uniform 25 The present invention is not
limted to the above enbodi nents and vari ous changes and nodifications
can be '
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-32 - made within the spirit and scope of the present invention..
Therefore, to apprise the public of the scope of the present invention the

following clains are nade. -
REPLACEMENT SHEET - t is clalned

- a
is: 1. A wafer processing apparatus for processing aﬁm mwmgmp
the wafer into a processing solution, conprising: i ng
bat h; a rotary support mechani smfor supporting a wafer to hol d * he
waf er substanti al | erpendi cular to a bottom surface of said wafer
processi ng batHﬂgﬁélgbﬂgﬁgﬁﬁDtﬁgzmafer by at least three rotatable and
hori zontal rod nenbers arranged substantially parallel to each other and
situated at positions not below a center of the wafer, each of the rod

nmb havi ' ion, f ' i th d f f
and at | east o of T REGdERERRT L BIHACHY FHE HERGST TGN bERGRE and
| t ' N SLt d | f |-y | t '
[0 the wafer. BB dbetab EhE R B LA A" RrBh et et iberei 1 cai 0 "

rotary suppgrt @iiggapplies a rotating force to a wafer by rotating
at | east a rod nerber, which supports the wafer froma bottom surface side

of said processing hajdrerobrsabds {5 BEIHELHg 3. The apparatus
according to claim, wherein said rotary support nmenber applies a rotating

force to a wafer by jralinguppbst rzﬁébk[&{i%ﬂ! FokNsthiSosilRy & kRadehon. 4,
The apparatus according to any one of clains 1 to 3,

while rotating the wafer by a plurality of rod members
arranged substantially parallel to each other.

io0 2. The apparatus according to claim 1, further
comprising ultrasonic generating means for generating
ultrasonic waves in said processing bath.
3. The apparatus according to claim 1 or 2, wherein
said rotary support mechanism applies a rotating force

15 to a wafer by rotating at least a rod member, which
supports the wafer from a bottom surface side of said
processing bath, of said rod members.
4. The apparatus according to claim 1 or 2, wherein
saild rotary support member applies a rotating force to a

20 wafer by rotating said rod members in the same direction.
5. The apparatus according to any one of claims 1 to 4,
wherein each rod member has a groove for limiting
movement of a wafer in an axial direction.
6. The apparatus according to claim 1 or 2, wherein

25 said rotary support mechanism comprises driving force

generating means for generating a driving force for
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wherein each rod nenber has a groove for linmting novement of a wafer in

an axial direction. 5. The apparatus according to cla

said rotary support mechani sm conprises driving force ﬁmm

for generating a driving force for rotating a wafer out ”mmmnm
processi ng bat h. 6. The apparatus according totcl ains

wherein said rotary support nmechani smfurther conprises a crank nechanism
for transmtting the driving force generated by said driving force
generating neans to said rod nenbers. 7. The apparatus according to claim
1 further conﬁqt@%gaadwﬁeﬁgowﬁmuwf BEOg@¥Kingy badibd rotary support
mechani smin sgjd processing bath 8._..The appar atus accordlng to claim1l,
further COfT'pI’I%ISI ng T%%PPPP‘%@"‘H%C@%FPF?WOFW FoatM Ry oFeFiedy §§1i%sai d

ai d br ocossi ng BAEH EOBPFE e as%ﬁrfi‘er‘t’ﬁaac“”d'” % FER ng an
over 1) on DA, ncifopTl MRRLANRARSUINY hoy Al BebcaBe Bl Y
waf er causeg by, pay Ebphgﬁvfﬁécfbfga’generatlng means to said rod
members.
8. The apparatus according to claim 1 or 2, further
comprising a driving mechanism for rocking said rotary
support mechanism in said processing bath.

10 9. The apparatus according to claim 1 or 2, further
comprising a driving mechanism for floating or dipping
said rotary support mechanism.

10. The apparatus according to claim 1 or 2, wherein
said processing bath comprises a circulating mechanism

15 including an overflow bath.

11. The apparatus according to claim 10, wherein said
circulating mechanism comprises means for reducing
contamination of a wafer caused by particles which may
be produced by said rotary support mechanism.

20 12. The apparatus according to claim 2, wherein said
ultrasonic generating means comprises an ultrasonic bath,
an ultrasonic source, and an adjusting mechanism for
adjusting a position of said ultrasonic source in said
ultrasonic bath, and ultrasonic waves are transmitted to

25 said processing bath via an ultrasonic transmitting

medium placed in said ultrasonic bath.

_
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be produced by said rotary support nechanism 11. The apparatus_according
to claim1, wherein said ul trasoni c supply conprises an bat h,
an ultrasoni c source, and an adjusting nmechanismfor adj m"gmi m,
of said ultrasonic source in said ultrasonic bath, and ult+yas .
are transmtted to said processing bath via an uItrasonlc transmtt.ing
medi um pl aced in said ultrasonic bath.

-35 - 12. The apparatus according to claiml1l wherein at | east
portions of safld-pr&besappRrafiis anrerdang rotakaim ls@spart wheradni 8t which

may come into contact with processi ng solutign, are _made_of a materi al
selected  froAFRAE BPBHPRDM spifgpEPcesing bt ﬁFlésP‘Péd roRALY The

apparatus according to claiml, in at | east portlons pf said
processi ng batﬁuﬁﬁgrgéW%F??R%ﬁ%/\Ma§8§p8?¥ ?Rﬂﬁu%ﬂg? Rﬁ?ﬁﬁ ¥ Bne into
From the. ar oupPEBRERSETag or P LaF PrBssesTh. 2 BARTF Lo CRPOPPERE
fromthe group u n S C

ol yet hyl ene, pal I n a BT), and
Bolgethgret ergr?%péﬁgzéiégh cod%%8¥9$§gégp §§Q%ﬁ§5§CE F%g té claim1l,
wherein - saldypol apges rSThGUPHOE Sl 195D DynboUln af 00
menbers. The appa us acco |ng clarm sal d

menbers are arﬁéggédpbfhfbﬂgxﬂﬁ's%ﬂdMB§68e331ng bath and sald rotary
support mechanism, which may come into contact with a
processing solution, are made of a material selected
10 from the group consisting of a fluorine resin, vinyl
chloride, polyethylene, polypropylene,
polybutyleneterephthalate (PBT), and
polyetheretherketone (PEEK).
15. The apparatus according to claim 1 or 2, wherein
15 said rotary support mechanism supports a wafer by four
rod menmbers.
16. The apparatus according to claim 1 or 2, wherein
sald rod members are arranged in a position where
rotation of a wafer having an orientation flat is not
20 prevented by the orientation flat when the wafer is
processed.
17. A wafer processing apparatus for processing a wafer
by dipping the wafer into a processing solution,
comprising:
25 a wafer processing bath;

support means for supporting a wafer from both
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rotation of a wafer having an orientation flat is not

orientation flat when the wafer is processed. SI n -
apparatus for processing a wafer by dipping the vvafer i nt mﬂ'{m ﬂ
sol ution, conprising: a waf er processing bath; supper

supporting a wafer from both sides and bel ow by at | east three rotat ab .\
and horizontal rod nenbers situated at positions not bel ow a center of the

wafer to hold the vvafer substantially perpendicular to a bottom surface of
sai d processin of the rod, nenpers ha}\lgrag an en%agi ng portion

h
for engaging w egnag aéeﬁ?wt]??é "%vdﬁ“éar er to the wa

- 36- i d yaf
rotating at | efé?s&ﬁ@%ﬁﬁi?ﬁepng%? 3 g%ljggboa:e * %F%:gs8ﬁaﬁgiﬁppl y
si tuat ed bel ow E@%é&@&ﬁ {)g{ha éﬂ ing uI trasoni c waves to the wafer.

17. The appargtus according'to c aim 16, wherein said driving neans
applies a rotating f y t menbers.
18. The appar at uge{acco dlln%% 0o C (for% féng che ﬁﬁﬂl%t%ﬁng’raglgg said rod

menbers have 9rl@ovesl‘h@)ﬁybhﬁﬁuélgaccordln@mﬁsr@ﬂ% iRf1A WRhRhelnN an axial

di rection. processi ng net proce55|ng a wafer by

di ppi ng the walmprakong uﬁﬁ&&%ﬁ&@eﬁ@kﬂ&iﬂ]@ Il G gewab-gEiIHg rotated
whi | e being supported fromtwo sides and below by at | east three rotatable

and hori zont al uiestagBAbEr Gaded Unl edid pposeésDRS ih. bel ow a center of the
waf er each of the rod nenbers having an engagi ng portion for engaging with

an edge of the1gaf erhet hppardens beidurdialdtsubsabntizaldry 18er paedettl ar to a
bottom surface of a processing bath and ultrasoni c waves being applied to
the wafer by @aidl tiravbng cneampplappdiiesatedobet iow thorceater a wafer
10 by rotating said rod member.

20. The apparatus according to any one of claims 17 to

19, wherein said rod member has a groove for limiting

movement of a wafer in an axial direction. .

21. A wafer processing method of processing a wafer by

15 dipping the wafer into a processing solution, wherein a
wafer is rotated while being supported from two sides
and below by a rod member, the wafer being held
substantially perpendicular to a bottom surface of a
processing bath.

20 22. A method according to claim 21, wherein while a
wafer is rotated in said processing bath, ultrasonic
waves are generated in the proéessing solution.

23. The method according to c¢laim 21 or 22, wherein a
wafer is etched by using an etching solution as the

25 processing solution.

24. The method according to claim 21 or 22, wherein a
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20. The met hod according to claim19, wherein a fer is etched by
using an etching solution as the processi ng sol ution. —

The net hod according to claim 19, wherein a . l,
- 37- waf er having a porous silicon layer is etched by. Um y”,’!”,IHHHWiu
solution as the processing solution. 22. An SO wafer {-abrication®nmeth

of fabricating an SO wafer by using the nethod according to claim?21 in a
part of fabrication steps. 23. A wafer processing nmethod of processing a
waf er by using the apparatus according, to any one of claims 1 to 18. 24.
A waf er  processVAtCHEAHOND R POERPAGSHI LGt Idver fayekched it Wing waf er by
usi ng the apparatus accordi .to any one of clains 1 to, 18. 25. An SO

waf er fabricati®h Rt slllving BPPCQFiFEF;QFOQ9§P1R€f§?1%9”ﬂ%ing t he met hod
according to Cl@ép12§h|§bfiwé¥gg:f%%rgggéiéﬁuﬁé% o] t%@Sfabricating an

SOI wafer by using the method according to claim 24 in a

5 part of fabrication steps.
26. A wafer processing method of processing a wafer by
using the apparatus according to any one of claims 1 to
20.
27. A wafer processing method of etching a specific

10 layer formed on a wafer by using the apparatus according
to any one of claims 1 to 20.
28. An SOT wafer fabrication method of fabricating an
S80I wafer by using the method according to claim 27 in a

part of fabrication steps.
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