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nor e "particul & = 0 ng._appar at us and et hod

whi ch process a wafer by dlpplng tmrmmmﬁ@a THE CNVENTIONpr ocessi ng sol uti on,
a waf er convey robot suitable f or this processing, and a sen1conductor
substrate f abr iWARER rPROSIHSSINGN APPARATUA 0AND METH(D i GEEIERN CONVEY
apparatus to which the processing is applied. 20 DESCRI PTI ON OF THE
RELATED ART ROPET, e SEMILEGNDPEC RyﬁﬂﬁﬂmA@EaﬁﬁBBIﬁﬁTﬁeﬁcﬁﬂgmmg
performed by dlpplng a wafer into a solution subj ect of wet
etching is to inprove tFKEANP[§E¥¥§ONDUCTQE|F%?%*@%mloﬁlﬁﬁﬁéﬁﬁﬁﬁ$alIy, t he

i n-pl ane unlfgrn1ty is 25 ensured by supplying fresh etching solution to
t he

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present invention relates to a wafer processing
10 apparatus and method, a wafer convey robot, a
semiconductor substrate fabrication method, and a
semiconductor fabrication apparatus and, more
particularly, to a wafer.processing apparatus and method
which process a wafer by dipping the wafer into a
15 processing solution, a wafer convey robot suitable for
this processing, and a semiconductor substrate
fabrication method and semiconductor fabrication

apparatus to which the processing is applied.

20 DESCRIPTION OF THE RELATED ART
Wet etching is a typical example of processing
performed by dippiﬁg a wafer into a solution. One
subject of wet etchihg is to improve the in-plane
uniformity. Conventionally, the in-plane unifoﬁmity is
25 ensured by supplying fresh etching solution to the

reaction surface by circulating the etching solution in
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reaction surface by circulating the etching solution in

-2- a bat h. Anot her exanpl e of the processing perforned
by di pping a wafer into a solution is wafer cleaning . processi ng.
Japanese Patent Laid-Qpen No. 8-293478 has 5 disclosed a wafer cleaning
appar atus whi ch increases the waf er cleaning efficiency by applying
ul trasoni c waves whil e di pping part of a wafer into a solution and
rotating the wafer. The wafer cleaning apparatus disclosed in
Japanese 10 Patent Laid-Open No. 8-293478 rotates a.wafer upon

bringing the wgf ggadnt o contact with a‘rotating cam whi ch nmakes the
camand its accessories generate particles. In this-wafer

cl eani ng appar at us, Advthdy eBgiplel oflbheShRoEeS\E Wi (s ffrmdd ysoni ¢ waves
changes at the center: and peripheral portion of the wafer. Since the

cam obst r Wiiypirhe ad warfer satonaosollitiars ais wafere slaand ng

ul trasoni c waves cannot be uniformy supplied to the entire surface of
the wafer. Accanthaesising.heJapdrese ZPatertniatid@peni Nor nBy2p3é¢8shas.

In the wafer cleaning apparatus, ultrasonic waves vi brate the cam and
the solutioh irdiswd a wadexscieaning r apparatus ehite ingregseshthees.

The wafer and the cam ] .. , ]
: wafer cleaning efficiency by applying ultrasonic waves

while dipping part of a wafer into a solution and
rotating the wafer.
The wafer cleaning apparatus disdlosed in Japanese
10 Patent Laid-Open No. 8—293478.rotates a wafer upon
briﬁging the wafer inté contact with a rotating cam,
which makes the cam and'its accessories generate
particles.
In this wafer cleaning apparatus, the strength of
15 standing waves of ultrasonic waves changes at the center
and peripheral portion of the wafer. Since the cam
obstructs the transmission of ultrasonic waves, the
ultrasonic waves cannot be uniformly supplied to the
entire surface of the wafer. Accordingly, the wafer
+20 cannot be uniformly processed.
In the wafer cleaniné apparatus, ultrasonic waves
vibrate the cam and the solution in the bath, and as a
result the wafer also vibrates. The wafer and the cam
tend to slip with respect to each other, and the wafer
25 cannot rotate uniformly.

In the wafer cleaning apparatus, .when a wafer

Sheet. Has Been Reilaced

T




tend to slip with respect to each other, and the wafer 25 cannot rotate
uni formy. In the wafer cleaning apparatus, when a wafer

- 3- having an orientation flat is to be processed, the

conditions for transmtting the rotating force fromthe camto the
waf er change at the orientation flat and the remai ni ng portion. For
this reason, the wafer cannot- 5 rotate unifornmy.

SUWARY COF THE | NVENTI ON The present invention has been nade in
10 consideration of the above problens and has as its object to nake
waf er processhagingidwrétientation fleit is &8B0bbeprobésséd oOfthdie present

I nvention to prevent contam nation of a wafer caused by particles.

A waf er processndijt bppar&in stmemniditiggt aheheotdbingr fewerd frvnerdtieon is a
waf er processi ng apparatus for processing a wafer by dipping the wafer
into a pea ek | e s fiay ahangeaedctbei prdehatibopr ik ngrd idfer
processing bath, a holding portion for directly or i ndi rectly hol di ng
the wafer, anteBaiRing ri@PJiﬁ)"fQﬂ-onFPBrthQQ reapor tihe) waferheaagineg portion

from above t he groce35|ng bath to swing the holding portion within the
proce55|n& te uniformly.

SUMMARY OF THE INVENTION

The present invention hés been made in
10 consideration of the above problems and has as its
object to make wafer processing uniform.
It is another object of the present invention to
prevent contamination of a wafer caused by particles.
A wafer processing apparatus according to the
15 present invention is a wafer processing apparatus for
processing a wafer by dipping the wafer into a
processing solution, characterized by comprising a wafer
processing bath, a holding portion for directly or
indirectly holding the wafer, and a driving portion for
20 supporting the holding portion from above the processing
bath to swing the holding portion within thé processing
bath.
In the wafer processing apparatus, the driving:
portion preferably also serves as a convey mechénism for
25 conveying the wafer between the apparatus and another

apparatus.
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bat h. In the wafer processing apparatus, the driving portion
preferably al so serves as a convey nechanismfor 25 conveying the wafer
bet ween the apparatus and anot her " apparatus. .

-4- . The wafer processing apparatus preferably further
conprises ultrasonic generating neans for generating ul trasoni ¢ waves
I n the processing bath. The waf er processing apparatus preferably
further 5 conprises a swi ng support nenber that conmes into contact

with a peripheral portion of the wafer in sw nging the - waf er by the

driving portion, therebyasePPeFddddbing applira@uly béféhgbﬂylfwal&@rtlon
In the wafer processing apparatus, a portion of t 10 sw ng support

menber whi ch negmpoiIBes NEDeXsumbicd gérdrating mbensefwkgéméramtﬂg on of the
wafer is preferably rounded. In the wafer processing

appar at us, a poltrasomictwmves in siengprowegseingnbabker which nay cone into
cont act mnth 15 the peripheral portion of the wafer preferably has a
groove in-a directiBheswafenrpretessing frpairatysapraferably funthere.

In the wafer processing apparatus, the groove preferably has a V
shape. 5 comprises a swing support member that comes into contact

with a peripheral portion of the wafer in swinging the
wafer by the driving portion, thereby supporting
swinging by the driving portion.

In the wafer processing apparatus, a portion of the

10 swing support member which may come into contact with
the peripheral portion of the wafer is preferably
rounded.

In the wafer processing apparatus, a portion of the
swing support member which may come into contact with

15 the peripheral portion of the wafer preferably has a
groove in a direction substantially parallel to a wafer
surface.

In the wafer processing apparatus, the groove
preferably has a V shape.

20 In the wafer processing apparatus, the groove
preferably has a full-wave rectifying shape.

In the wafer processing apparatus, the processing
bath preferably comprises a circulating mechanism
including an overflow bath. ‘

25 In the wafef processing apparatus, the driving

portion preferably swings the holding portion to rotate
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20 In the wafer processing apparatus, the groove preferably has
a full-wave rectifying shape. : In the wafer processing apparatus,
t he processing bath preferably conprises a circulating nechanism -

i ncludi ng an overflow bath. 25 In the wafer processing apparatus,
the driving portion preferably swings the holding portion to rotate
-5 - the wafer when the .peripheral portion of the wafer cones

into contact with the swing support mnenber. In the wafer
processi ng apparatus, the ultrasonic generating nmeans preferably

conprises an WHd 3RHHEC wiRi the éeﬁﬂpﬁéiéﬂ%?&@io%?l&ﬁ?%h@%ﬁ& adidst i ng
mechani sm for . adjusting a position of the ultrasonic source in the

ul trasoni c batihtAnbddddrasanhe thav 8fiAdCshisd Y aidnber . transmtted to
t he processing bath via an ultrasonic transm tting nmedi um placed in

the ultrasoni c bathin the wafer lprocessingeappavacss, Nthapidreisshid he
driving portion preferably conprises a first driving portion for :
hori zontal | y dgénerafiriee reeindi pgeferabdw, campr tseecondiltrasodiiicvioaghporti on
for vertically driving the holding - portion. 15 In the wafer
processi ngSappi atlfxrasdndchgiogirsg. and poradiestpined areghiapiisol dort he waf er
substantial ly . perpendicuylar to a bottom surface of the processing
bat h, adjusting a position of the ultrasonic source in the
ultrasonic bath, and ultrasonic waves are preferably
transmitted to the processing bath via an ultrasonic -
transmitting medium placed in the ultrasonic bath.
10 In the wafer processing apparatus, the driving
portion preferably comprises a first driving portion for
horizontally driving the holding portion, and a second
driving portion for vertically driving the holding
portion.
15 In the wafer processing apparatus, the holding
portion preferably holds the wafer substantially
perpendicular to a bottom surface of the processing bath,
and the driving portion preferably swings the wafer
within a plane substantially perpendicular to the bottom
20 surface of the processing bath.
In the wafer processing apparafus, the driving
poftion preferably swings the holding portion within ﬁhe
processing bath to substantially uniformly process the
wafer with a processing solutionm. ‘

25 In the wafer processing apparatus, the holding

portion can preferably hold a wafer holder capable of
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and the driving portion preferably sw ngs the wafer wi thin a plane
substantially perpendicular to the bottom 20 surface of the processing

bat h. In the wafer processing apparatus, the driving . portion
preferably swings the holding portion within the processing bath to
substantially uniformy process the wafer with a processing sol ution.
25 In the wafer processing apparatus, the hol ding portion can
preferably hold a wafer hol der capabl e of :

- 6- storing a plurality of wafers. In the wafer
processi ng appap2idg. adplifaBity of wfidrdsQns of the processing bath, the
hol di ng portion, and the driving portion, which nmay cone into contact
5 with a processi ngnsohyt wafier aproqsd idicldpparatasof a8 leastmateri al
selected fromthe group consisting of quartz and pl astic. In

t he waf er propestiogsaphatie ysrocdsdisgstbath, ther hoddingfpoheiqgmocessi ng
bath, the holding portion, 10 and the driving portion, which may cone into
cont act andhthe pdoteing repxision, sihick mapr epeeabnio ngertatt a

material selected fromthe group consisting of a fluorine resin, vinyl
chl ori de, ol yéthyacprocessing #giita.c@ce perfphablynsade phtdal at e

(PBT), and 15 pol yet heret herket one PEE§). ..
_ material selected from the group consisting of quartz

and plastic.
In the wafer processing apparatus, at least
portions of the processing bath, the holding portion,

10 and the driving portion, which may come into contact
with a processing solution, are preferably made of a
material selected from the group consisting of a
fluorine resin, vinyl chloride, polyethylene,
polypropvlene, polybutyleneterephthalate (PBT), and

15 pdlyeﬁheretherketone'(PEEK). |

A wafer convey apparatus according to the present
invention is a wafer convey apparatus for conveying a
wafer, characterized by comprising a holding portioﬁ for
directly or indirectly holding the wafe;, and a driving

20 portion for driving the holding portion along a convey
path, the driving portion dipping the wafer into a wafer
processing bath and swinging the wafer midway along the
convey path..

In the wafer convey apparatus, the driVing.portion

25 preferably comprises a first driving portion for

horizontally driving the holding portion, and a second
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A wafer convey apparatus according to the present I nvention is a wafer
convey apparatus for conveying a waf er, characterized by conprising a
hol di ng portion for directly or indirectly holding the wafer, and a
driving 20 portion for driving the holding portion along a convey

path, the driving portion dipping the wafer into a wafer processi ng
bath and swi nging the wafer m dway al ong the convey path. I n
t he waf er convey apparatus, the driving portion 25 preferably conprises a
first driving portion for hori zontal ly driving the holding portion,

and a second @rjving portion for vertically driving tHe holding driving
portion for vertically driving the hol di ng portion. In the

waf er convey appatidnis, the holding portion ~preferably holds the wafer
substantial ly perpendi cul ar 5 to a bottomsurface of the processing bath,
and the dri vi ngn poin¢ i waf qar efeevayt wppatragast hehedheldimg hbortaion

pl ane substantially perpendicular to the bottom surface of the
processi ng batpreferably holds tthe waffer substsgntpaphlntpsrperktailiax ng
portion 10 preferably swings the holding portion within the

processi ng Shat ¥o ta kefpemmuniiace of thenpbyopesseng bakh, and ildfeer with a
processing solution in the processing_bath, In the wafer convey
appar at us, thed{ﬁv%qgmpqﬁﬁ%qqnprefera ly swings the wafer within a

plane substantially perpendicular to the bottom surface
of the processing bath.
In the wafer convey apparatus, the driving porfion
10 preferably swings the holding portion within the
processing bath to substantially uniformly process the
wafer with a processing solution in the processing bath.
In the wafer convey apparatus, the driving portion
preferably swings the holding portion within the
15 proceséing bath to enhance swinging of the wafer when a
peripheral portion of.the wafer comes into contact with
a projection formed in the processing bath.
In the wafer convey apparatus, the driving portibn
preferably sﬁings the holding portion within the
20 processing bath to rotate the wafer when a peripheral
porﬁion of the wafer comes into contact with a
projection formed in the processing bath.
In the wafer convey apparatus, the holding portion
can preferably hold a wafer holder capable of sioring a
25 plurality of wafers.

A semiconductor fabrication apparatus according to
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preferably swings the holding portion within the 15 processing bath to

enhance swi nging of the wafer when a peri pheral portion of the wafer
conmes into contact with a projection forned in the processing bath.
In the wafer convey apparatus, the driving portion preferably sw ngs
the holding portion within the 20 processing bath to rotate the wafer
when a peri pher al . portion of the wafer cones into contact with-a
projection forned in the processing bath. I n the wafer .convey
apparatus, the hol ding portion can preferably hold a wafer hol der

capabl e of st@héNSréserdd irffdfitdlon Msokhagbetarized by comphissimiccaiduct or
fabrication apparatus according to

- 8- t REfOr ec@ey e natus,s andavaet eri aedlyakidmprafsiwaferhe

waf er convey apparatus, and one or a plurality of wafer processi ng
appar at uses. processing fapmEmrtysescessi ng method according to the present

5 invention is a wafer processing nethod of processing a waf er by

di ppi ng the. waf er RAnwafer ppreesssing suﬁtl!ilqdoﬁ?cordinghg?a’éh%rﬁ’li%‘iﬁrﬂy
conprls!n% di pping a wafer into the .processing solution while _
supportind t henveReion rpina watemRrOCEsSRAREr mﬁFB‘B@s%frﬁr‘?Fﬁgfﬁl%c? swi ngi ng
the wafer 10 w thin the processing bath. In the wafer processing

net hod, whi | eW&Eer Y AP WedisT, 108 Br BEGSEPRYRY solution.

characterized by comprising dipping a wafer into the

processing solution while supporting the wafer from
above a wafer processing bath, and swinging the wafef
10 within the processing bath. In the wafer processing
method, while the wafer is swung within the processing
bath, ultrasonic waves are preferably generated in the
processing solution.
| In the wafer processing method, when the wafer is
15 swung within the processing bath, a peripheral portion
of the wafer is preferably brought into contact with a
projection formed in the processing bath to enhange
swinging of the wafer.
In the wafer processing method, when the wafer is
20 swung within the processing bath, a peripheral portion
of the wafer is preferably brought into contact with a
projection formed in the processing bath to rotate the
wafer.
In the wafer processing method, the wafer is
25 preferably swung to substantially uniformly process’ the

wafer with the processing solution.

(his Sheet-Has Been Replaced

[T




bath, ultrasonic waves are preferably generated in the processi ng

sol ution. - In the wafer processing nethod, when the wafer is 15
swung within the processing bath, a peripheral portion of the wafer is
preferably brought into contact with a projection forned in the
processi ng bath to enhance sw ngi ng of the wafer. In the

waf er processing nethod, when the wafer is 20 swing within the processing
bat h, a peripheral portion of the wafer is preferably brought into
contact with a projection forned in the processing bath to rotate the

waf er . | fhEhQaPef epriéasensg itRidae, stliealbdéefor set&ing
preferably swung to substantially uniformy process the wafer with the
processi ng sokHei wAfer by using an etching solution as the proeéssing

The wafer processing nethod is suitable for etching ~ the wafer by using
an etchi ng sokolubionas the processing sol ution. _ The waf er
processing nmethod is suitable for etching 5 a wafer having a porous
silicon |ayer by uShegwafier processingy maithed ds syitpbler fetssreldingl uti on.
An SO wafer fabrication method according to_the present invention is
char act eriZedabyagenphaging a porquhsiddicony lawesdPYwaFERI 82 usi ng t he

waf er processing. . . . .
etching solution as the processing solution.

An SOI wafer fabrication method according to the
present invehtion is characterized by comprising
fabricating an SOI wafer by using the wafer processing

10 method in a part of fabrication steps.

A wafer processing method according to the present
ihvention is characterized by comprising processing a
wafer by using the wafer processing apparatus.

A wafer processing method according to the present

15 invention is characterized by comprising etching a
specific layer formed on a wafer by using the wafer
processing apparatus.

An SOI wafer.fabrication method according to the
present invention is characterized by comprising

20 fabricating an SOI wafer by using the wafer processing
method in a part of_fabrication steps.

A wafer processing method accordiﬁg to the pfesent
invention is a wafer processing method of processing a
wafer while supplying ultrasonic waves, charactérized by

25 comprising completely dipping the wafer into a .

processing solution, and processing the wafer while
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10 nethoed in a part of fabrication steps. A waf er processing

nmet hod according to the present I nvention is characterized by

conpri sing processing a waf er by using the wafer processing- apparat us.
A waf er processing nethod according to the present 15 invention is
characterized by conprising etching a specific layer formed on a wafer
by using the wafer processi ng apparat us. An SO wafer
fabrication nethod according to the - present invention is characterized
by conprising 20 fabricating an SO wafer by using the wafer processing

nethod in a paphaffihgbhi set&RPBtEPUltrasonic wabeblRich QE€SSH Nghdret hod

according to the present I nvention is a wafer processing nethod of
processing a wafewafer while supplying ultrasonic waves, characterized by
25 conprising conpletely dipping the wafer into a processi ng

sol ution, and proceaswafetrhprocéesingimethod according to the present

- 10 - changing a strength of ultrasonic waves which act on the
waf er . invéntabsr ipracestemn predtdssd nge mettibdgof oprbeeps BsgE

invention is a wafer processing nethod of processing a 5 wafer while
suppl yi ng Ul t r wabarcwhalessuphtying aritzagomic wavegonphasangechred diel y
di pping the wafer into a processj ng solution, and processing the wafer
whi | e comprising completely dipping the wafer into a
processing solution, and proéessing the wafer while
moving the wafer.
A wafer processing method according to the present

10 invention is a wafer processing method of processing a
wafer while supplying ultrasonic waves, characterized by
comprising completely dipping thé wafer in a processing
solution, and processing the wafer whilé swinging the
wafer..

15 A wafer processing method according to the present
invention is a wafer processing method of processing a
wafer while supplving ultrasonic waves, characterized by
comprising completely dipping the wafer in a processing
solution, and processing the wafer while swinging the

20 wafer to cross a plane of vibration of ultrasonic waves.

A wafer processing method according to thé present
invention is a wafer processing method of érocessing a
wafer while supplying ultrasonic waves, characterized by
comprising completely dipping the wafer in a pr;cessing

25 solution, supporting the wafer substantially

perpendicular to a plane of vibration of ultrasonic
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novi ng the wafer. A wafer processing nethod according to the
present 10 invention is a wafer processing nethod of processing a

waf er whil e supplying ultrasonic waves, characterized by conpri sing
conpletely dipping the wafer in a processing sol ution, and processing
the wafer while swi nging the wafer. 15 A waf er processing

nmet hod according to the present I nvention is a wafer processing nethod
of processing a waf er whil e supplying ultrasonic waves, characterized
by conprising conpletely dipping the wafer in a processing

sol uti on, andwa!irgg?sahag?wée@@iﬁg M M R@iine eheng2fg vRéewafercross a
pl ane of vibration of ultrasonic waves. A waf er processing nethod

according to thecpbaseBhe planéWEnFilratiom ofafidtrasonteswageset hod of
processing a waf er whil e supplying ultrasonic waves, characterized by
conprising conpl et @l watieppprgctbeingfreethod aquartsgi tg the presenton,
supporting the wafer substantially perpendi cul ar to a pl ane of
vibration of dhveasdoncis a wafer processingamethodnefppseesssindt de waf er
whil e swinging the wafer . to cross the plane of vibration of ultrasonic
waves. 5 wafek whiide puppbyingquherasanis seWesngchareREepigsenpy

i nvention is a wafer processing nethod. of processing.a 5 wafer,while
suppl yi ng uItF@@@ﬁﬂ@lﬂav§§¥Péﬁg?§¥t@%?E%Rﬁtﬁpe wafer”in a processing

solution, supporting the wafer substantially parallel to

a plane of vibration of ultrasonic waves, and processing

the wafer while swinging the wafer to cross the plane of
10 vibration of ultrasonic waves.

A semiconductor substrate fabrication method
‘according to the present invention is characterized by
comprising the step of forming an unporous layer on a
porous layer formed on a sufface of a first substrate,

15 the step of adhering a first substrate side of a
prospective structure and .a second substrate prepared
separately to sandwich the unporous layer between the
first substrate side and the second substrate, the
removal step of removing the first substrate from the

20 adhered structure to expose the porous layer on a second
substrate side thereof, and the etching step of etching
the porous layerlwhile the second substrate side on
which the poréus_layer is exposed is completelj dipped
into an etching solution, and ultrasonic waves ;re

25 supplied, thereby exposing a surface of the second

substrate side, the etching step changing a strength of
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conprising conpletely dipping the wafer in a processing sol ution,
supporting the wafer substantially parallel to a plane of vibration of
ul trasoni ¢ waves, and processing the wafer while smnnglng the wafer to
cross the plane of 10 wvibration of ultrasonic waves. A

sem conductor substrate fabrication nmethod according to the present

I nvention is characterized by conprising the step of formng an
unporous | ayer on a porous | ayer forned on a surface of a first
substrate, 15 the step of adhering a first substrate side of a

prospective s{hyeLUbg;aNgades SaRkh S iR itheP sRRBNAIsubstraeRagaael y to
sandwi ch the unporous |ayer between the first substrate side and the

second substrate, Bh@emicontfsByal sshefrade rfBriicagiohembthedl substrate
fromthe 20 adhered structure to expose the porous |ayer on a second

substrate si dactbedgnd, tanthé heresatt ngwirsrionf it chamgcterizedebypor ous

| ayer while the second substrate side on whi ch the porous |ayer is
exposed i s coepherébyngi phedstep ofrﬁQﬂ@MEEEﬁhN@@oggustﬂéﬁeraﬂ@ altrasonic
waves are 25 supplied, thereby exposing a surface of the second

substrat e $i dporphe éayarngome% emamurfarsafeggfArst substrate,

-12 - ul trasoni ¢ waves which act on_the second sugstrate si de.

A seni-conduct &hesgbspr af eafBeringt 2 oFillih Hpstrate;8d8eyPhg?t o t he present

i nvention is characterized rx
. prospective stricture and a second substrate prepared

separately to sandwich the unporous layer between the
first substrate side of a prospective structure and the

10 second substrate, the removal step of removing the first
substrate from the adhered structure to expose the
porous layer on a second substrate side thereof; and the
etching step of etching the porous layer while the
second substrate side on which the porous layer is

15 exposed is completely dipped into an etching solution,
and ultrasonic waves are supplied, thereby exposing a
surface of the second substrate side, the etching step
moving the second substrate side.

A semiconductor substrate fabrication method

20 according to the present invention is characterized'by
comprising the step of forming an unporous layer on a
porous layer formed on a surface of a first substrate,
the step of adhering a first substrate side of a
prospective structure and a second substrate prepared

25 separately.to sandwich the unporous layer between the

first substrate side and the second substrate, the

I




conprising the step of form ng an unporous |ayer on a 5 porous |ayer
formed on a surface of a first substrate, the step of adhering a first
substrate side of a prospective structure and a second substrate

pr epar ed separately to sandwi ch the unporous |ayer between the

first substrate side of a prospective structure and the 10 second
substrate, the renoval step of renoving the first substrate fromthe
adhered structure to expose the porous | ayer on a second substrate
side thereof, and the etching step of etching the porous |ayer while

the secopEmevhst 5888 6f deerivvit alhd ITa rper eubstayee f£Hom 1bhe exposed i s
conpl etely di pped into an etching sol ution, and ul trasoni c waves are
suppl i ed, thepahyredpssiragtare to epdsacahef polreusetapdr sabsarseaorside, the
etching step novi ng the second substrate side. A

seni conduct or sabbsrateesidér thereah matchdde 20chivgostiengof cetdhring esent

I nvention is characterized by - conprising the step of formng an

unpor ous | ayethenparous layenushilks ¢theg @aasm ﬁubs§ﬁﬁ€80§1@¢ @nfirst
substrat e, .the step of adhering a first sybstrate side of a

prospecti V& sWh&@buFBeaﬁarau§eE@ﬁﬂf§Hb§¥ﬁ§¥%ﬁbﬂ@p&P@Hleﬁglysgh%P%@eIy to

sandwi ch the ynporous | ayer between the first .substrate side and the
second substr &P&€° fReetching solution, and ultrasonic waves are ; _

rennval step %Lp£iggéinghgg §ié§$o§§H§“Jf§ﬁ% aE%”b%hghe second
substrate side, the etching step swinging the second'
substrate side.

10 A semiconductor substrate fabrication method
according to the present invention is characterized by
comprising the step of forming an unporous layer on a
porous layer formed on a surface of a first substrate,
the step of adhering a first substrate side of a

15 prospective structure and a second substrate prepéred
separately to sandwich the unporous layer between the
first substrate side and the second substrate, the
removal step of removing thé first substrate from the
adhered structure to expose the porous layer on a second

20 substrate side thereof, and the etching step of etching
the porous layer while the second substrate side on
which the porous layer is exposed is completely dipped
into an etching solution, and ultrasonic waves are
-supplied, thereby exposing a surface of the sec;nd

25 substrate side, the etching-step swinging the second

substrate side to cross a plane of vibration of
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adhered structure to expose the porous | ayer on a second substrate
side thereof, and the etching step of etching the porous | ayer while
t he second substrate side on 5 which the porous |ayer is exposed is
conpl etely di pped into an etching solution, and ultrasoni c- waves are
suppli ed, thereby exposing a surface of the second substrate side, the
etching step swi nging the second substrate side. 10 A

sem conductor substrate fabrication nethod according to the present

i nvention is characterized by conprising the step of form ng an

unpor ous | ayegpleprag8onic weesus | ayer fornmed on a surface of a first
substrat e, the step of adhering a first substrate side of a 15
prospective struct w eemidoadaetondsuvdistatad efgbrdpatddn methedparately to
sandw ch the unporous | ayer between the first substrate side and the
second substrateprtiing to thermpuesent cmwshtiempdisnghahacterszedubstrate
fromthe adhered structure to_expose the porous |layer on a second 20
substrate sideompriedhg bhe shep ek Hiorgninge grotnpPERPfglayer eRea por ous

| ayer while the second substrate side on . which the porous |ayer is
exposed i O coRPreus| yayeppearmed on @ surfagec fitng Sorati SHPSERACSI t rasoni ¢

1V B et BEsketr: WIEE Rl SPESHIS Spptiatecathel BELEOT 22 o
cross a planep%%sﬁgggg%gogtgacture and a second substrate prepared -14 -
separately to sandwich the unporous layer between the
first substrate side and the secbnd substrate, the
10 removal step of removing the first substrate from tﬁe
adhered structure to expose the porous layer on a second
substrate side thereof, and the etching step of etching
the porous layer while the second substrate side on |
which the porous layer is exposed is completely dipped
15 into an etching solution and supported substantially
.perpendicular to a plane of vibration of ultrasonic
waves, and ultrasonic waves are supplied, thereby
exposing a surface of the second substrate side, the
etching step swinging the second substrate side to cross
20 the plane of vibration of ultrasonic waves.
A semiconductor substrate fabrication method
according to the present invention is characterized by
comprising the step of forming an unpofous layer on a
porous layer formed on a surface of a first subétrate,
25 the step of adhering a first substrate side of a

prospective structure and a second substrate prepared -
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ul trasoni c waves. A sem conductor substrate fabrication nethod
according to the present invention is characterized by conprising the
step of form ng an unporous layer on a 5 porous |layer formed on a surface
of a first substrate, the step of adhering a first substrate side of a
prospective structure and a second substrate prepared separately to
sandwi ch the unporous | ayer between the - first substrate side and the
second substrate, the 10 renoval step of renmpving the first substrate from
t he adhered structure to expose the porous |ayer. on a second

substrate Sid%eb%ﬁ%%%gy 2B8dshhqw i Y Bk s QlagirNBetweent BRe POr OUS
ond"s

| ayer while the sec ubstrate side on whi ch the porous |layer is

exposed i s comhetekybdipped sifeiatd® tie aiedtnd) subistirate, abHesuppor t ed
substantial ly per pendi cutar to a plane of vibration of ultrasonic
waves, and ul iHepRallc stepesfaremsuiny i tie fiihestelspbstratexfivemnghe surface
of the second substrate side, the etching step swinging the second
substrat e si dadheredostru2@urehtopempeseafithe axcusn levell pnagoateondves.

A sem conductor substrate fabrication nethod _according to the present
i nvention §s eh&maaaﬁei§édebyhereofcoﬁ%¢i@hemFQQh§n§téﬁeEfOEOPﬁthnﬁn
unporous | ayer on a porous_|ayer fornmed on a surface,qf a first
substrate, ~23heh@oroys IAYeEhwRihg 5h¢i$%ﬁ°%ﬂﬂﬁﬂh%£ﬁ?t§iEégﬁfoﬁ

rospective structure and a second substrate pr.epared .
P P which the porous layer gs exposeé)lé)completely dipped

into an etching solution and supported substantially
parallel to a plane of vibration of ultrasonic waves,

10 and.ultrasonic waves are supplied, thereby exposing a
surface of the second substrate side, the etching step
swinging the second substrate side to cross the plane of
vibration of ultrasonic waves.

Further objects, features and advantages of the

15 present invention will become apparent from the
following detailed description of embodiments of the
present invention with reference to the accompanying

drawings.
20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a view showing an outline of the

construction of a wafer processing apparatus according

to a preferred embodiment of the present invention;
25 ‘Fig. 1B is a view showing an outline of the

construction of a holder driving mechanism;

———
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separately to sandwi ch the unporous |ayer between the first substrate
side and the second substrate, the renoval step of renoving the first
substrate fromthe adhered structure to expose the porous |ayer on a
second 5 substrate side thereof, and the etching step of etching t he
porous | ayer while the second substrate side on whi ch the porous | ayer
I s exposed is conpletely dipped Into an etching solution and supported
substantial ly parallel to a plane of vibration of ultrasonic waves,

10 and ultrasonic waves are supplied, thereby exposing a surface of

the second substratejgd dega the 28 GHFighBPfor expYbiMiny 4 Raaacond
substrate side to cross the plane of vi bration of ultrasonic waves.

Furt her obj ectswideiaigimeswd} advant ages of the 15 present invention wll
becone apparent fromthe foll owi ng detail ed description of enbodinents
of the pr esentFigwehtisra witew ishberiagcent exahelacashnpenyi ng

dr awi ngs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1A is a wengtiustiion of euswing stpppst membewnstructi on of a wafer

processi ng_appar at us, accordlng to a preferred enbodi nent of the
present invention; Fi¥s. 4A and 4B gme yigwgi eacBnehewitpaAmkhsthe of the

construction of a holde riving nechanis
{ e con truct%on g% the swing support member;

Fig. 5A is a perspective view showing an outline of
the construction of a wafer processing system
incorporating-thelwafer processing apparatus;'

10 | Fig. 5B is a frdnp view showing an outline of the
construction of the wafer processing system
incorporating the wafer processing apparatus;

Figs. 6A to 6D are views for explaining another
example of the wafer swinging method; |

15 Fig. 7 is a view showing an outline of the
construction of a wafer processing apparatus according
to anéther embodiment of the present invention; and

Figs. 8A to 8F are views, respectively, showing a
method of fabricating a semiconductor substrate.

20 | |

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention
will be described below with reference to the
25 accompanying drawings.

[First Embodiment]
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-16 - Figs. 2A to 2E are views for explaining a wafer

sSwW ngi ng net hod; Fig. 3 is a view show ng an exanple of the
construction of a swi ng support nenber; 5 Figs. 4A and 4B are views
each showi ng anot her exanpl e of the construction of the swing support
menber ; Fig. SAis a perspective view show ng an outline of

the construction of a wafer processing system I ncorporating the wafer
processi ng apparatus; 10 Fig. 5Bis a front view showi ng an outline
of the construction of the wafer processing system I ncor porating

the wafer processi Bggappar akus; view showind i« oftAine BB ane views for
expl ai ni ng anot her exanpl e of the wafer sw nging nethod; 15

Fig. 7 is a viewsshaethgnaof catwafer @drddessing appashtust acsopding waf er
processi ng appar atus accordi ng to anot her enbodi nent of the present

i nvention; ando the prefefregd.emipodimsit arfe theewsesenspénventign. showi ng a
met hod of fabricating a sem conductor substrate. 20 DETAI LED
DESCRI PTI ON OFhEHRaPREFPRAEES SNEDRINaYTRtus accordingAtpr thésred enbodi nent
of the present invention wi ||l be described below with_reference to the

25 acconpanyERgodingnhgsan be widelyanmiged #enefching, cleaning,

and another processing which supplies a processing
solution to a wafer.

In a wafer processing apparatus 100 according to
this embodiment, portions which may come into contact

10 with a processing solution are preferably made from
quartz or plastic in accordance with the intended use;
Preferable examples Qf the plastic ére a fluorine resin,
vinyl chloride, polyethylene, polypropylene,
polybutyleneterephthalate (PBT), and

15 polyetheretherketone (PEEK). Preferable examples of the

‘ fluorine resin are PVDF, PFA, and PTFE.

This wafer processing apparatus 100 has a wafer
processing bath 11, and a holder driving mechanism 31
for swinging a wafer holder 21 in the wafer processing

20 bath 11. The wafer processing apparatus 100 preferably
comprises an ultrasonic bath 61. '

To process wafers, the wafer processing bath 11 is
filled with a processing solution. A 4-plane overflow
bath 12 is mounted on the wafer processing bath 11, and

25 supplies a processing solution from the bottom portion

of the wafer processing bath 11 into the wafer .

____,_———
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-17 - Fig. 1A is a view showing an outline of the.
~construction of a wafer processing apparatus according to the
preferred enbodi nent of the present invention. The waf er processing
apparatus according to this 5 enbodi nent can be widely applied to

et chi ng, cleaning, and anot her processing which supplies a processing
solution to a wafer. In a wafer processing apparatus 100
according to this enbodi ment, portions which nay conme into contact 10
Wi th a processing solution are preferably nade from quartz or plastic

in accordance ?Miré@eé@ﬁléj nbefiled Use.a circufbeber abl encxAStLSi RS . 4 he

plastic are a uorine resin, vinyl ‘chloride, polyethylene,

pol ypr opyl ene, filter polTHaitprorRreisehgpbbhat fbe 4FREIHlowiiy fifom the
pol yet her et her ket one (PEEK). Preferable exanples of the fluorine resin

are PVDF, PFA wafidr fifécessing bath THi dswateredr bnesbe ndi-phaxas at us 100 has
a waf er processing bath 11, and a hol der driving mechani sm 31 for
swi ngi ng a waf evehblaerbath 12 t lndvaischargeds Skoy tRe botitdm dortihe waf er
processi ng apparatus 100 preferably conprises _an ultrasonic bath 61.
To process daf efstheht-Rhare ryddest hgthadl towprsd the eirqukptgn Wi

processi ng solution. A 4-plane overflow bath 12 is pounted _on the
waf er processiﬁbn%%tﬁhqjyagﬁﬁiprocess1ng apparatus 100 agitates the

processing solution while swinging the wafer holder 21
by the holder driving mechanism 31, the liquid level of
the processing solution can be kept constant. Therefore,

10 the circﬁlating system including the 4-plane overflow
bath 12 is very useful.

The wafer holder 21 may be a commercially available
product, and is preferably made from quartz or plastic.
Preferable examples of the plastic are a fluorine resin,

15 wvinyl chloride, polyethylene, polypropylene,
polybutyleneterephthalate (PBT), and
polyetheretherketone (PEEK). Preferable examples of the
fluorine resin are PVDF, PFA, and PTFE.

The holder driving mechanism 31 has a pair of

20 gripping portions 3la for gripping the wafer holder 21.
The wafer holder 21 is gripped by the pair of gripping
portions 3la and dipped in the wafer processing bath 11.
While the wafer holder 21 is swung within the wafer
processing bath 11, desired processing can be pérfofmed

25 for a wafer 41. The holder driving mechanism 31
functions to convey the wafer holder 21 holding the
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25 supplies a processing solution fromthe bottom portion of the

waf er processing bath 11 into the wafer

- 18 - processing bath 11 by a circulator 71 incorporating a
filter. The processing solution overflow ng fromthe waf er processing
bath 11 is stored in the 4-plane overfl ow bath 12, and di scharged from
the bottom portion 5 of the 4-plane overflow bath 12 toward the
circulator 71. Since the wafer processing apparatus 100 agitates the
processi ng solution while swi nging the wafer hol der 21 - by the hol der

driving nmechagh$er3il hheihyquhdergord evious phecpssiagstogthel uti on can
be kept constant. Therefore, 10 the circulating systemincluding the

4- pl ane overf wafer probasbiidg bativell arsafhd next processihg, veheredw! der 21
may be a commercially avail abl e - product, and is preferably nade from
quartz or pladti €unction®r e epabt cofextthmplvesfesf priocegkanyi spparatus| uori ne
resin, 15 vinyl chloride, polyethylene, polypropylene,

pol ybut yl enet 808pht hal ate (PBT), and pol yet her et her ket one ( PEEK) .

Pref erabl e exanpl es of the fluorine resin are PVDF, ,PFA, _and PTFE.

The hol derS dri vi ng THethisi swbodineste he wafer A3 igr ipgingopdythetd 31a
the pai f of gI¥pBPAGLIS ChBOVRFBANAMIED AT disbe s in SEREPREYor "pr 666ssi g
bat h 117 portions 3la. Alternatively, the wafer 41 can be -
directly held by, e.g., a chucking pad in place of the
gripping portions 3la. The direction to hold the wafer
10 41 is not limited to a direction perpendicular to the
bottom surface of the wafer processing bath 11, and may
be a direction parallel to the bottom surfaee.
A swing support member 13 for increasing the swing
efficiency of the wafer 41 in swinging the wafer 41 by
15 the holaer driving mechanism 31 is preferably arranged
at the bottom portion of the wafer processing bath 11.
When the wafer holdef 21 moves, the swing support member
13 contacts the peripheral portion of the ﬁafer 41 held
by the wafer holder 21 to rotate the wafer 41'by the
20 frictional force and vertically move it within the wafer
holder 21. The swing support member 13 is useful for
improving the in-plane uniformity of the processed wafer.
It is also effective to arrange a drivihg mechanism ¢
for moving the swing support member 13 verticaliy (v-
25 axis direcfion) and/or horizontally (x-axis direction).

In this case, the swing support member 13 itself can
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VWhile the wafer holder 21 is swng within the wafer processing bath
11, desired processing can be performed 25 for a wafer 41. The hol der
driving nechani sm 31 - functions to convey the wafer holder 21 hol ding
t he - 19 - waf er 41 havi ng
under gone previous processing to the waf er processing bath 11 or the
next processing, whereas it functions as part of the wafer processing
appar at us 100. 5 In this enbodi ment, the wafer 41 is indirectly
hel d by hol ding the wafer holder 21 with the gripping portions
3la. Alternatimety, td heotvatierthtl waferbdl and teretcdylvahakhdyit e. g., a
chucking pad in place of the gripping portions 3la. The direction to
hol d t he waf erwitifiin 4tthe swaifteér [halideed 2ll0 aAccordingly paheendvdngar to t he
bottom surface of the wafer processing bath 11, and may be a direction
paral l el to theangetefn the fwafer holder 21 hyswthaghelgeordrimsinesr 13 for
I ncreasi ng the sw ng, efficiency of the wafer 41 in swi nging the wafer
41 by 15 theneSharets®ilican heradusedz1and prepehep | wordsarddsl - . at
the bottom portigon of the wafer processing bath 11, When t he wafer
hol der 21 move¥RieRPEIFHT Neh R gp be downsizedacts the peripheral
21 to rotate the

portion of the wafer 41 held o b EP mafer.holdeé & ot at
e er 41 by the  20P1PIERMETEC (RIREDRD 98 AFEAPPEAERcti® i thin the
waf er ultrasonic bath 61, and filled with an ultrasonic
transmitting medium'(e.g., water). The ultrasonic source
51 is fixed to an adjusting mechanism 62 for vertically
10 and/or horizontally adjusting the position of the
ultrasonic source 51. Ultrésonic waves to be supplied to
. the wafer processing bath 11, more specifically, to the
wafer 41 can be optimized by adjusting the positional
" relationship between thé ultrasonic source 51 and the
15 wafer processing bath 11 by the adjusting mechanism 62.
The ultrasoﬁic source 51 preferably has a function of
adjusting the frequency or strength of ultrasonic waves
to be generated. This can further optimize the supply of -
_ultrasonic waves. Since the ultrasonic source 51 has the
20 function for optimizing the supply of ultrasonic waves
" to the wafer 41, varioué types of wafers can be
processed. |
Fig. 1B is a view showing an.outline of the
construction of the holder driving mechanism 31: The

25 gripping portions 3la are opened by extending

opening/closing rods 31b, and closed by contracting
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hol der 21. The swi ng support nenber 13 is useful for I mproving the

I n-plane uniformty of the processed wafer. : It is also effective
to arrange a driving nechani sm for noving the swi ng support menber 13
vertically (y- 25 axis direction) and/or horizontally (x-axis direction).
In this case, the swng support menber 13 itself can

- 20 - nove to rotate the wafer 41 and vertically nove it

wi thin the wafer holder 21. Accordingly, the noving range of the wafer
hol der 21 by the hol der driving mechani sm 31 can be reduced, and in:
ot her words, tHRese5Sro@se3llpr oames hoddeat riting mdechaolensidethoves in

An ultrasonic source 51 is arranged in the ul trasonic bath 61, and
filled with anthétxasois cdirectiomrsinmgt enpomeédontal edgivingtshigft The

ul trasoni c source 51 is fixed to an adjusting nmechani sm 62 for
vertically 103lanandrimothe antanisy didegstiongalhegpasverbicat diftering

ul trasonic source 51. Utrasonic waves to be supplied to the wafer
processing bat 8hafit 3dde specifically, to the waf er 41 can be

optim zed by adjusting the positional rel ati onsh| bet ween t he

ul trasoni c Sour ce 5TigRd $Aeto 14E J%f Srigwsoforseigl Bé?ﬁngiab‘?a?% adj usti ng

rechan! ST 62 evinpiag LTI B SoR RS L s et ©f
gener at ed. Th'Ehgamo$igérﬁirég%1éﬂzg% %%% %%Qgr¥h8ider 21. Fig. 2A
shows a state immediately before starting swinging a
wafer. When the start of wafer swinging is instructed,
10 the holder driving mechénism 31 depresses the gripping
portiéns 3la downward under computer control, as shown
in Fig. 2B. During fhis depiession, the peripheral
portion of the wafer 41 comes into contact with the
swing support membér 13. As a result, the lower portion
15 of the wafer 41 is supported by the swing suppoft member
13.

The swing support member 13 may generaﬁe a few
particles upon contact with' the wafer 41. The swing
support member 13 preferably smoothly contacts the wafer

20 41 by rounding the distal end portion of the swing
support member 13, as shown in Fig. 3.

Since the swing support member 13 suffices to
support the swing of the wafer 41, it can be.formed into
a shape, e.g;, a thin plate not to obstruct the‘

25 transmission of ultrasonic waves. With this shape, ‘the

ultrasonic waves to be supplied to the_wafer 41 can be
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ul trasoni c waves. Since the .ultrasonic source 51 has the 20 function for
optim zing the supply of ultrasonic waves to the wafer 41, various
types of wafers can be processed. Fig. 1B is a view show ng
an outline of the construction of the holder driving nechanism 31. The
25 gripping portions 3la are opened by ext endi ng openi ng/ cl osi ng rods
31b, and cl osed by contracting -21 -
t hese rods 31b. The hol der driving mechani sm 31 noves in the X-axis
direction along a horizontal driving shaft 31c and in the y-axis
direction al ongnafafhéd Cod hHifdmdy procelsl thdldaferSal. Figs. 2Ato 2E
are views for explaining a wafer swi nging nethod. In Figs. 2A to 2E,
the arrows indi cat eslight tibtrasdmig dicmetifotmityt baused eby hthdlegwiddy Fi 9.
2A shows a state imedi ately before starting swinging a waf er
When t he st art soppont encslvendih@ldes nedt poseecdny pfobldm bexdalese dthevi ng
mechani sm 31 depresses the gripping portions 3la downward under
conput er cont reafensprderssing appar@Eitys 180 Duotegsesdi thelopmbasidin, t he
peri pheral portion of the wafer 41 cones into_contact with the

swing support Wekberchanging fthednlativie PrghEiopat t Fekationship t he waf er

41 is supported by the .swi ng_support nber 13.
PP et%een the wé%errﬁj the sw1ng support member 13, in

other words, the relative positional relationship
between the wafer 41 and the wafer processing bath 11.
Since a slightly larger depression amount of the

10 wafer holder 21 can increase the contact pressure
between the wafer 41 and the swing support member 13, a
slip between the swing support member 13 and the wafer
41 can be prevented to prevent operation failure. This
is because, if the depression amount is too small, the

15 gravity for the wafer 41 acts on the wafer holder 21
more greatly than on the distal end portion of the swing
support member 13. When the swing support member 13_
having the shape according to this embodiment is used,
the depression amount is preferably about'30 mm after

20 the wafer 41 comes into contact with the swing support
member 13.

Upon depressing the wafer holder 21, the holder
driving mechanism 31 moves the gripping portions 31la
rightward (positive direction of the X axis) unéer

25 computer control, as shown in Fig. 2C. As a result, the

wafer 41 substantially horizontally moves rightward
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The swi ng support nenber 13 nmay generate a few particles upon contact

with the wafer 41. The sw ng support nenber 13 preferably snoothly
contacts the wafer 20 41 by rounding the distal end portion of .the sw ng
support nenber 13, as shown in Fig. 3. Since the sw ng support
menber 13 suffices to support the swng of the wafer 41, it can be
formed into a shape, e.g., a thin plate not to obstruct the 25
transm ssion of ultrasonic waves. Wth this shape, the ultrasonic
waves to be supplied to the wafer 41 can be _

- 22- updrime (@ redition oy phecRsaxisp efde ddafer Sli ght
ul trasoni c nonuniformty caused by the sw ng support nenber 13 does

not pose any pixddeBiierdath tlewhile wetating ochbsEtwigeppahat meving
processes the wafer 41 5 while changing the rel ative positional

rel ati onshi p amouriietofedihe igrippfiieg pérandns hdlawmust heEstt toefiadd 13, in-
ot her words, the relative positional relationship bet ween the wafer 41
and the wafer wrtdtiss sihgy vemge in which these ypipping paphiilops 3dgedo
depressi on_amount of the 10 wafer holder 21 can_ increase the contact
pressure S5 B gehlide a\mﬁtwnaﬁaeph@gswm@l%ﬁ&orqh%é%@r 13, a

slip between the sw ng support ne d the wafer 41 can be
prevented to & dﬁi &ﬁfﬁ§rgﬁﬁg T i s because, if the

depressi on amount If%éé¥)trEﬂJafer %older 21 has moved rightward

(positive direction of the X axis), the holder driving
mechanism 31 vertically moves the gripping portions 31a

10 under computer control, as shown in Fig. 2D. The moving
amount of the gripping portions 3la preferably falls
within the range in which the wafer 41 does not come
close to a 1iquid'surface 14 of the processing solution;
This is because particles may attach to the surface of

15 the wafer 41 if the wafer 41.comes close to the liquid
surface 14.

Upon completion of the upward movement of the wafer .
holder 21, the holder dfiving mechanism 31 moves the
gripping portions 3la leftward (negative direction of

20 the X axis) under computer control to return them in the
initial state (Fig. 2a), as shown in Fig. 2E.

By repeatedly performing the above operation (Fig.
2A — Fig. 2B — Fig. 2C - Fig..ZD — Fig. ZE), the
wafer 41 can be properly swung and uniformly:pr;cessed.

25 According to the wafer processing apparatus 100,

since the wafer 41 is swung in the region where the
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15 gravity for the wafer 41 acts on the wafer holder 21 nore greatly
than on the distal end portion of the sw ng support nenber 13. Wen
the swi ng support nember 13 havi ng the shape according to this

enbodi ment i s used, t he depression amount is preferably about 30 nm
after 20 the wafer 41 cones into contact with the sw ng support

menber 13. . Upon depressing the wafer holder 21, the hol der
driving mechani sm 31 noves the gripping portions 3la ri ghtward
(positive direction of the X axis) under 25 conputer control, as shown in

Fig. 2C As ad@piy oft M@ trasondef Ravédd ssbspeitiifdd byheidjnertiagl yhaoves

ri ghtward -23 - (positive
direction of tfIer4soHi%) batht B¢, walerasonic waveesdiih batthohl thki | e
rotating clockw se. The novi ng amount of the gripping portions 3la
must be set tadfadd 41 can hiet bptimheedange i n which these gripping portions
3la do 5 not collide against an opening portion at the |ower portion
of the wafer hol derTtRd standing wavast of phtraseeic HAvRS DERVer dOoRSved

ri ghtward . (positive direction of the X axis), the holder driving
mechani sm 31 v@righetnengdie Porkdogs) ppRAgnedes i Strengyiynder conput er
control, as shown in Fig. 2D The novin . anpunt. .of the gri Bin
portions 3la RIFERA)y Fgconstant ﬁFPﬁgﬁtfﬂ%'r LT i B Fﬁg Wefer 41

does not cone e . . .
: waves are difficult to uniform in the wafer processing

bath 11.
However, since the wafer processing apparatus 100
10 swings the wafer 41 with the holder driving mechanism 31,
it can uniformly process the wafer 41 regardless of a
somewhat nonuniform distfibution of the ultrasonic wave
strength. Even if the direction to move the wafer 41 is
a simple direction such as only the horizontal, verfical,
15 or oblique direction, it can contribute to the |
processing uniformity of the wafer 41. By swinging the
wafer 41 in its axial direction (z-axis direction), the
processing nonuniformity between wafers attributed to
high-strength portions of ultrasonic waves in the
20 horizontal plane can be corrected.

Since the wafer processing apparatus 100 further
comprises the swiﬁg support member 13, the swinging
amount of the wafer 41 can be efficiently increased. The
fixed position of the swing support member 13 ié not

25 1limited to the bottom portion of the wafer processing

bath 11. As far as the swing support member 13 can
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close to a liquid surface 14 of the processing sol ution. This is
because particles may attach to the surface of 15 the wafer 41 if the

waf er 41 cones close to the liquid surface 14. Upon

conpl etion of the upward novenent of the wafer hol der 21, the hol der
driving nmechani sm 31 noves the gripping portions 3la leftward
(negative direction of 20 the X axis) under conputer control to return
themin the initial state (Fig. 2A), as shown in Fig. 2E. By
repeatedly perform ng the above operation (Fig. 2A -> Fig. 2B -> Fig.

2C -> Fig. 2D conthét wWith 4P wafers'afielofd theaaber PhODEEE Y2 B\ and
uni formy processed. - 25 According to the wafer processing apparatus

100, Si nceahhpewaired 4do) Se IWNGHe idle walll oofwhiee ewd fer

- 24 - supply of ultrasonic waves is optim zed by adjusting the

ul trasoni ¢ bat préédessing dsath cl Wwaoe thehihoildeest deavihg mechanidmer3M1 can be
optim zed. The standi ng waves of ultrasonic waves have | oops 5
(hi gh- st rengt h(por thbsssased adekehatiem off ehgnging theorelafive at const ant
separation._ Therefore, ultrasonic_ waves are difficult to uniformin
the wafer proce9sikional relaionship between [hRe§wing sSHRROKHdneias

_ thiphal reltior _ y
processing appgLatus 10 Aot T I8 9AYT 14Tt L Ly ol der driving

According to the wafer processing apparatus 100,
since no driving mechanism exists in the wafer
processing bath 11, no particle is produced by the

10 driving ﬁechanism.

Even if the wafer processing apparatus 100 does not
comprise any ultrasonic bath 61, it can function as an
apparatus suitable for wafer processing. More

: épecifically, if the wafer processing apparatus 100 has

15 a function of swinging the wafer holder 21 within the
wafer processing bath 11 by the holder driving mechanism
31, it can uniformly process the wafer 41 with only this
function, and effectively agitate the processing
solution. A gas or the like produced'upon processing the

20 wafer 41 can be efficiently removed from the surface of
the wafer 41. Since the holder driving mechanism 31 can
serve as both convey and swinging mechanisms for the
wafer 41, wafers can be efficiently processed.

Fig. 4A is an overall view of another examéle of

25 the construction of the swing support member 13. Fig. 4B

is an enlarged view of part of the swing support member

'I."his Sheet Has Been Refilaced
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it can uniformy process the wafer 41 regardl ess of a sonmewhat

nonuni form di stribution of the ultrasonic wave strength. Even if the
direction to nove the wafer 41 is a sinple direction such as only the
hori zontal, vertical, 15 .or oblique direction, it can contribute to the
processing uniformty of the wafer 41. By sw nging the wafer 41 inits
axial direction (z-axis direction), the processi ng nonuniformty
bet ween wafers attributed to hi gh-strength portions of ultrasonic
waves in the 20 horizontal plane can be corrected. Since the

waf er processing.apparehe SsthihdtH [dFeultrasof@BPwASES 1HenTyh Narsippor t.
menber 13, the sw nging anount of the wafer 41 can be efficiently

i ncreased.. Thedistalf exddpppsidh osf ofhd hvisiy rRYipboRpOnEmberbes d@di s not

25 limted to the bottom portion of the wafer processing bath 11. As
far as the sw theswpfert 4hemfersliip camd fail to efficiently swing the

-25 - contact with all wafers 41 of the wafer holder 21, it

can be fixed twaterg4l.the side wall of the wafer processing bath 11
or the holder driving nechani sm 31 (in this case, a mechani sm of
changi ng the reIat|@eSW199p6§PPP6ﬁamemhﬁ%u¥3mmﬂ¥qynbéPm@BﬁsthéAsﬁPﬂg4§upport

menber 13.and_th or ons 31a IS arran
Accordi'ng to tH@smgfﬁﬁag?GC é% int %&%'ndﬁﬁriving

nEChanlsn]eXIS%%rhgnghgheseeﬁ-shaped grooves l1l3a, the contact area

with the wafers 41 can be increased. Since the swing
support member 13' engages with the wafer 41 so as to

10 pinch it, the swing efficiency of the wafer 41 increases.
Even if the wafer 41 vibrates to be temporarily spaced
apart from the swing support member 13', the frictional
force with the wafer 41 does not decrease unless the
wafer 41 accurately vertically moves.

15 The groove at the distal end portion of the swing
support member 13' may have a shape 13b, i.e., a full-
wave rectifyving shape. In this case, since the groove
does not have any top, unlike the V-shaped groove 1l3a,
generation of particles upon contact with the wafer 41

20 can be suppressed.

[Second Embodiment]

Fig. S5A is a perspective view showing an outline ofl
the construction of é wafer processing system
incorporating a wafer processing apparatus 100.‘ Fig. 5B

25 1is a front view showing part of the wafer processing

system shown in Fig. 5A.
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processing bath 11,
processi ng apparatus 100 does not conpri se any
ultrasonic bath 61

Even if the

processi ng.

waf er

Mor e

no particle is produced by the 10 driving nechani sm

it can function as an apparatus suitable for wafer
specifically, if the wafer processing apparatus 100

has 15 a function of swinging the wafer holder 21 within the waf er
processing bath 11 by the holder driving nechani sm 31, it can
uniformy process the wafer 41 with only this function, and
effectively agitate the processing solution. A gas or the like

produced upon procesmiikdwhlter BlocwBs bhig Ady$tdn bigs efridreramllyar emoved from

t he surface

of

the wafer 41. Since the holder driving nmechanism 31 can

serve as bot h conbdnagtonsofngi bgaderhanivafed @roceesing appheatdd, wafers
can be efficiently processed. Fig. 4A is an overall view of

anot her exanpl deoty.,28n ehehingsor ucieaming apparatus) ,sepppinh dewybey 13.
is an enlarged view of part of the swi ng support nenber

88 unflopferst apdgtheotiket rasoni ¢ waves is high, the

Fig. 4B
_26 -

di st al endagor
I

slip and f

support nenber 13!

at const ant

10

15

20

25

in

tion of the sw ng supfort menber 13 and the wafer 41 may
to ef Refiearice SHRE

h#l' denggsa ppldersdrivinga syjng

AIneplihg Binsadlially e sdme YuRORRER SLOBHSE 1°°

of the holder driving mechanism 31, which has gripping

portions 3la' for gripping a wafer holder 21, a means

for driving the wafer holder 21 horizontally (alignment

direction of the respective apparatuses), and a means

for vertically driving the wafer holder 21.

This wafer processing system can automatically

process a wafer under computer control. Particles

| produced by the intervention of the operator can be

prevented from attaching to wafers, and the processing

efficiency can be increased.

[Third Embodiment]

The third embodiment will exemplify another wafer

swinging method. Figs. 6A to 6D are views for explaining

a wafer swinging method in this embodiment. In Figs. 6A

to 6D, the arrows indicate the moving direction of a

wafer holder 21. Fig. 6A shows a state immediately

before starting swinging a wafer. When the start of

wafer swinging is instructed, a holder driving mechanism

31 moves gripping portions 3la downwardly to the right

under computer control, as shown in Fig. 6B. The moving
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form ng these V-shaped grooves 13a, the contact area with the wafers
41 can be increased. Since the swng support nenber 13' engages with
the wafer 41 so as to 10 pinch it, the swing efficiency of the wafer 41

I ncreases. Even if the wafer 41 vibrates to be tenporarily spaced
apart fromthe sw ng support nmenber 13", the frictional force with the
waf er 41 does not decrease unless the wafer 41 accurately vertically
noves. 15 The groove at the distal end portion of the sw ng

support nmenber 13' may have a shape 13b, i.e., a full- wave rectifying
shape. In thisgipeesidn Nte dulit5190Wt an angleSofOibbay e45Mywitap, unlike

t he V-shaped groove 13a, generation of particles-upon contact with the
wafer 41 20 pespdet stppiesdvtizontal] feanad EHmdithentdafer holder Fig. 5A
IS a perspective view showi ng an outline of t he construction of a
vaf er processi2l s3stroved downmeadler &bi thearighty @rm&:&m%mﬂ;ﬂ:&us

100. Fig. 5B 25 is a front view showi ng part of the wafer processing
syst em shown |¢ﬂ¢¢%Wl$§Aab0ut the distal end portlon of a swing -27-

Thi s wafer processing systemis pr ef erably conmbi nati on of a | oader,
a waf er préces%‘ﬂ?@oﬁtbﬁﬂﬁ@?% 13 whide dts EﬁréPBﬁﬁﬂej Tl unishg appar at us),
a spin dryer, presse unl%?d%ef€MEQd%h%a&hkof the wafer holder 21

After the wafer holder 21 has moved dowhwardly to-
the right, the center of gravity of the wafer 41 moves
to the right with respect to the distal end portion of

10 the.swing support member 13, and the wafer 41 rotates
toward the right side wall of the wafer.holder 21 to
settle to a state shown in Fig. 6C..

Upon moving the wafer holder 21 downwardly to the
right, the holder driving mechanism 31 moves the

15 gfipping poftions 3la upwardly to the left, as shown in
Fig. 6D. The moving direction is preferably opposite to
the moving direction shown in Fig. 6B.

When the wafer holder 21 has moved upwardly to the
left, the wafer 41 rotates counterclockwise about the

20 swing support member 13 while its peripheral portion is
pressed by the right side wall of the wafer holder 21.
By moving the wafer holder 21 to a state shown in Fig.
6A, one operatioﬁ is completed.

By repeatedly performing the above operation (Fig.

25 6A — Fig. 6B — Fig. 6C — Fig. 6D), the wafer 41 can be

properly swung and uniformly processed.

e

—————
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5 Ref erence nuneral 31' denotes a hol der driving mechani sm
havi ng substantially the sanme function as that of the holder driving
mechani sm 31, which has gri pping portions 31a' for gripping a wafer

hol der 21, a means for driving the wafer holder 21 horizontally
(alignment 10 direction of the respective apparatuses), and a neans

for vertically driving the wafer hol der. 21. Thi s waf er processing
system can automatically process a wafer under conputer control.
Particles produced by the intervention of the operator can be 15
prevent ed frompbhachi Rgbddimeier s, and the processing efficiency can
be i ncreased. - [ Thi rd Enbodi nment ] ' The third enbodi nent will
exenpl i fy anot her w&her fourth semipgdinerietirodlireicged 64 &owéfemre views for
explaining 20 a wafer swinging nmethod in this enbodinment. In Figs. 6A
to 6D, the arrpwecéesdinatapparatius ihayigior esotbarotonstructierd er Figl.dgr 21.
Fig. 6A shows a state inmediately before starting sw nging a wafer
When the startisfa view,ghewingiapyiqwfFlilne ot thet eansbregtienr of itheg
mechani sm 25 31 noves gripping portions 3la downwardly, to the_right

under conpw erWEEﬁFrBF?g%%ggr% DA SEUF AEEOTRABINED| \:%15 embodiment.

20 et o tnethboShEre PP Olea® 190 Bl BB Lo
the wafer processing apparatus 100 according to the
first embodiment denote substantially the same
constituent elements, and a description thereof will be

10 omitted.

A wafer processing apparatus 101 according to the
fourth embodiment holds a wafer 41 with a wafer moving
mechanism 80 almost parallel to the bottom surface of a
wafer processing bath 11 (i.e., almost parallel to the

15 piane of vibration of ultrasonic waves), and swings the
wafer 41 while completely dipping it into a processing
solution (e.g., cleaning or etching solution) within the
wafer processing bath 11. In this manner, the wafer 41
is uniformly processed, and contamination of the wafer

20 41 by particles is prevented.

The wafer moving mechanism 80 grips the wafer 41
with arms 81, and sﬁings the wafer 41 in the wafer
processing bath 11. The wafer 61 is preferably swung in
a direction perpendicular to the plane of vibraéion of

25 ultrasonic waves (i.e., vertical direction), or in a

direction parallel to the plane of wvibration (i.e.,

—
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21 has noved downwardly to the right, a wafer 41 rotates cl ockw se
about the distal end portion of a swwng 5 support nenber 13 while its

peri pheral portionis pressed by the left side wall of the wafer

hol der 21. After the wafer holder 21 has noved downwardly to

the right, the center of gravity of the wafer 41 noves to the right
wWith respect to the distal end portion of 10 the swi ng support nenber 13,
and the wafer 41 rotates toward the right side wall of the wafer

hol der 21 to . settle to a state shown in Fig. 6C - Upon novi ng
t he waf er hol dgjordkod@anwaigeytieni he right, the holder driving
mechani sm 31 noves the 15 gripping portions 3la upwardly to the left, as
shown in Fi g. @sollim ninel wgferr peocossing mmbaratiusy 10aposhke to
the noving direction shown in Fig. 6B. When t he wafer hol der 21

has noved upvwanaifiert dlt e prefersbly phecesdad whileobetieg complietelyckwi se
about the 20 swi ng support nenber 13 while its peripheral portion is
pressed by the dipped dnde Hhel Pﬁpcﬁﬁémﬁf%ﬁluﬁﬂl%r Ip this cgyenoving the
wafer holder 21 to a_state shown in Fig one operation is

conpleted. 5 particlgg FéﬁeHFeHF?Vﬁ’éF‘P‘ér?ﬁ% "’E’H@C&B@Qeté’pé'hﬁt weferFig. 25
S@ung Zhg ugngﬁwrlgﬁ gggggggggfaGE»beé&gggwﬁﬁg ﬁ%%ég§;1%8 solutgrO erIy29

and ambient atmosphere.

According to Fhe waferlprocessihg apparatus 101,

the wafer 41 can be uniformly processed by swinging it
10 in the wafer processing bath 11.
[Application of Wafer Processing Apparatus]

The wafer processing apparatus 100 according to the
above embodiments is suitable as, e.g., an etching
apparatus. Accoraing to this etching apparatus, 1) a

15 wafer can be uniformly etched, 2) contamination by
particles can be reduced, and 3) the etching rate can be
" increased.
The wafer processing apparatus 100.is suited as an
etching apparatus for etching.a wafer having a.porous
20 silicon layer. The mechanism of etching of porous
silicon is disclosed in K. Sakaguchi et al., Jpn. 2ppl.
Phys. Vol. 34, part 1, No. 2B, 842 - 847 (1995). Porous
silicon is etched when an etching solution penetrates.
into the pores of porous silicon-by a capillary'action
25 and etches the walls of the pores. As the ﬁalls of the

pores become thinner, these walls cannot support
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[ Fourt h Enbodi nent ] The fourth enbodinent is directed to a wafer
processi ng apparatus havi ng anot her construction. Fig. 7 Is a view
showi ng an outline of the construction of the 5 wafer processing apparatus
according to this enbodi nent. The sane reference nunerals as in the
construction of t he waf er processing apparatus 100 according to the
first enbodi mnent denote substantially the sane constituent elenents,
and a description thereof will be 10 onitted. A waf er
processi ng apparatus 101 according to the - . fourth enbodi nent holds a

wafer 41 with aheiselverybagond sofi@Chaintsm Finalllpst tharpotehs t Daydie
bottom surface of a " wafer processing bath 11 (i.e., alnost parallel to
the 15 plane estiviellyaicotbapbesl toasampletvaids) etahdngwi Mgisen hishe waf er
41 while conpletely dipping it into a processing solution (e.qg.,

cl eani ng or et goinegwsdllst arr) lafthto ¢hblapse hyafuhe pcddenspfigohdyh 11. In
this manner, the wafer 41 is uniformy processed, and contam nation of
the wafer 20 the legpchirgi spdytienpyithontedny etching apsastanee. nbheng
mechani sm 80 grips .the wafer 41 with arns 81, and swings the wafer 41
in the wafe? etchipgc&asengfphba hale wallgfedow padotbeephshingwung in

a direction perpendi,cullar to the plane of .vibration of 2 ul trasonic

waves (i.e., vdrfiscds hPP@cti{HD? T§949n yhere thFrBEF?Bﬁ Sflel to the

plane of Vibra%%ﬁﬁaggé%}’the underlayer is etched. For this reason,
variations in in-plane etching rate of a porous silicon
wafer and etchiﬁg rate between wafers are preferably
10 suppressed as much as possible.

For example, a first substrate is prepared by
forming.a porous silicon layer on a single-~crystal
silicon substrate, growing an epitaxial layer on the
porous silicon layer, and forming an insulating film on

15 the epitaxial layer. The first substrate and a second
substrate are so adhered as to sandwich the insulating
fiim between them. Then, the single-crystal silicon
substrate is removed from the lower surface of the first
substrate, and the porous silicon layer ié etched to

20 fabricate an SOI wafer. This method requires an etching
selectivity (porous silicon/epitaxial layer) of only
about 10°.

 Even if an etching method having high selectivity
is employed, however, the surface of the SOoI1 1a§er

25 exposed upon removing the porous silicon layer by

etching is slightly etched. Such slight unwanted etching
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- 30 - hori zontal direction). Also in the wafer _
processi ng apparatus 101, the wafer 41 is preferably processed while
bei ng conpletely di pped into the processing solution. In this case, 5
particles can be prevented fromattaching to the wafer 41 near the
interface between the processing solution. and anbi ent at nosphere.
According to the wafer processing apparatus 101, the wafer 41 can be
uniformy processed by swinging it 10 in the wafer processing bath 11.

[ Appl i cation of Wafer Processing Apparat us] The waf er processing
apparatus 100 &eesrabvboséridlsly degradiey ahenithdckress unifothby) cofis, e.g.,
an et ching apparatus. According to this etching apparatus, 1) a 15
waf er can be ubhhéosol ylavehedout? ) higheramelacitariby and hpghércl es can be
reduced, and 3) the etching rate can be I ncreased. The waf er
processi ng appthacksesgounifemity are glemandedet i niche phitruxeus asorthet chi ng
a wafer having a _porous 20 silicon |ayer.  The mechanism of etching of

por ous si vpfer shze| Brewrases n oteak shdekness upifoygpity /pp|the
Phys. Vol . 34, part 1, No, 2B, 842 - 847 (1995). Porous siliconis
et ched mheﬁiansgic%?ﬁﬁréﬁ&{&ikﬁl?ﬁﬂﬂﬂ?%&es into the pores of porous

b 100 DY, 2 oo G bl e 20 S SIGNER (I MRLL ) LhcagIEs 2o 1
to a porous silicon etching apparatus, in-plane
variations of the SOI layer and variations between -
wafers can be suppressed by swinging wafers within the

10 wafer processing bath, and higher-quality SOI substrates
can be fabricated.

By swinging wafers, and in addition, performing
etching while supplying ultrasonic waves, the collaése
of the porous silicon layer can be proﬁoted,-the etching

15 time can be shortened, and the etching selectivity can
be increased.

An example of a method of fabricatiﬁg a
semiconductof substrate using thelwafer processing
apparatus according to the above embodiments will be

20 described bélow.

Figs. 8A to 8F are views, respectively, showing the
method of fabricating a semiconductor substrate. Roughly
speaking, in this fabrication method, the first
substrate is prepared by forming a porous silicon layer

25 on a single-crystal silicon substrate, forming an

unporous layer on the porous silicon layer, and
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- 31 - t hensel ves beyond sone point. Finally, the porous |ayer

entirely coll apses to conplete the etching. Wen the pore walls are
| eft to collapse by the action of only the etching solution wthout
any etching assistance, the 5 etching rate of the hole wall is |ow, and
t he etching time is long. In a region where the porous |ayer
col | apses, the underlayer is etched. For this reason, variations in
i n-plane etching rate of a porous silicon waf er and etching rate

bet ween wafers are preferably 10 suppressed as nuch as possi bl e.

For exanpl e, @pAdficrabiybForatiag anpigpal&timy film dorhengngopousus silicon
| ayer on a single-crystal silicon substrate, grow ng an epitaxi al

| ayer on the layerpor@he fitstostiaysure andl feosmicopdasubatvatei ng fil m on
15 the epitaxial layer. The first substrate and a second substrate
are so adher edprepared separekel fearasad aadingred as fid mapdwicbn theem Then,
the single-crystal silicon substrate is renoved fromthe | ower surface
of the first insulaiiag £idm betwepe poewus Afitercshakaythe| singkeed to 20
fabricate an SO wafer. _ This nmethod requires an_etchin selectivity

(por ous S|5|cdﬁﬁﬁﬁ@ﬂaﬁ%ﬁlcpﬁy§P?SBFaBﬂI&s rem”%%%d?be fLower Even
e o TR L MR CHASHeAl ! o ol IR BB
layer by S 1Y IRl ¥aBLE0Se SUSH R ditic e AEE B EN NY
The method of fabricating a semiconductor substrate
will be described in detail below with reference to Figs.
10 8A to 8F.
A single-crystal Si substrate 501 for forming the
first substrate is prepared, and a porous Si layer 502
is formed on -the major surface of the single-crystal Si
substrate 501 (see Fig. 8A). At least one unporous layer
15 503 is formed on the porous Si layer 502 (see Fig. 8B);
Preferable examples of the unporous layer 503 are a
single-crystal Si layer, a poly-Si layer, an amorphous
Si layer,'a metal film layer, a compound semiconductor
layer, and a superconductor layer. An element such as
20 MOSFET may be formed on the unporous layer 503.
An SiO, layer 504 is preferably formed as another
unporous layer on the unporous 1ayef 503, and used as
the first substrate (see Fig. 8C). - The. SiO, layer 504 is
useful because, when the first substrate and a éecond
25 substrate 505 are adhered in the subsequent step, the

interface energy at the adhered interface can be removed
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- 32 - ' does not seriously degrade the thickness uniformty of

the SO |ayer, but higher selectivity and higher t hi ckness uniformty
are demanded. In the future, as the waf er size increases, higher

t hi ckness uniformty of the 5 SO layer will be demanded. When
t he waf er processing apparatus 100 is applied to a porous silicon

et chi ng apparatus, in-plane variations of the SO |ayer and vari ations
bet ween waf ers can be suppressed by swi nging wafers within the 10
waf er processing bath, and higher-quality SO substrates can be
fabricat ed. from an Bytiwengiaygerwaf ers, and in addition, performng
etching while supplying ultrasonic waves, the collapse of the porous
silicon layer can belhpe oiitssd subiserattehang thé secomd csubdiorattenR08ned, and
the etching selectivity can be i ncreased. An exanpl e of a
met hod of fabriaxe itightly adhexedceafdyeenr temperature 80 @&F thee waf er

" processi ng apparatus according to the above enbodinents will be 20
descri bed bel ovwandwich the [§iQs layex PG4 hatwegne kbem dspecFidel §0) showi ng

t he met.hod of fapricating a, sem conductor_substrate. ,Roughly
speaking, iR tHES 1ot brogtrepathened peé%ﬂﬁﬂﬁﬂ&t%npgeprepared
by form ng a'FKgéﬁﬁifﬁ&J(§¥%gsa %%ation, or heat treatment, as needed,
or a combination of them.
When a single-crystal Si layer is formed as the
unporous layer 503, the first substrate is preferably
10 adhered to the second substrate 505 after the SiO, layer !
504 is formed on the surface of the single-crystal Si
layer by thermal oxidization or the like.
Preferable examples of the second substrate 505 are
an Si substrate, a substrate having an SiO, layer formed
15 on an Si substrate, a light-transmitting substrate such
as a quartz substrate or the like, and a sapphire
substrate. The second substrate 505 suffices to have a
flat surface to be adhered, and may be another type of
substrate. |
20 Fig. 8D shows the adhered state df the first and
second substrates via the Si0, layer 504;. The $i0, layer
504 need not be fofmed when the unporous layer 503 or
the second substrate is noﬁisi.
In adhesion, a thin insulating plate may bé
25 inserted between the first and second substrates.

The first substrate is removed from the second
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25 on a si.ngle-crystal silicon substrate, form ng an unporous | ayer on
t he porous silicon |ayer, and - 33 -
preferably form ng an insulating filmon the unporous | ayer. The first
structure and a second substrate prepared separately are so adhered as
to sandw ch the i nsul ating filmbetween them After that, the single-
5 <crystal silicon substrate is renoved fromthe | ower surface of the
first substrate, and the porous silicon | ayer is etched to fabricate a
sem conductor substrate. The nethod of fabricating a

seni conduct or &ileairaAiet at thewbblinBargest e borowdetsdi [LalyerowoRi t h
reference to Figs. 10 8A to 8F. A single-crystal Si substrate
501 for forni ngdd@ig. 8H)i.r sTheubsnowlk nethndejacdudesnthe forsts Si | ayer
502 is fornmed on the major surface of the single-crystal Si

substrate 501 Metdod (p£f @A)ScaAdea?,beoﬁbr%‘ﬁpﬁmqw usipg 503 is formed
on the porous Si |ayer 502 (see Fig. Pref erabl e exanpl es of the
unpor ous Iayergmmge @OllshlélgmgPEcb?-%t a‘PrSF ‘Fa?y’é?e éf’ﬁoltFeS| | ayer, an
anor phous Si layer, a netal film ayer, aggfd sem _conduct or

| ayer, andSa s3RROThmARMOSH qfa?éparﬂﬁlﬁgeﬁlé‘ﬁt SEFONOSFET may be

f d h | 504
p(r)repgraglnytfgru Ogd%%l_{':ﬁ‘?o%erthe %°“ﬁﬂﬁs¥oﬂ‘§ 'I-'l%/e?mf%“‘eﬁr [‘-ilea l?r%(;%;ogus F:af/er 503,

and used as the second method, the first substrate can be recycled

by rémoving porous Si left on the separated first
substrate, and planarizing the surface of the first
10 substrate, as needed.
The porous Si layer 502 is selectively etched and
removed (see Fig. 8F). The wafer processing apparatus
100 or 101 is suitable for this etching. Since this
wafer processing apparatus supplies ultrasonic waves
15 while completely dipping a wafer (in this case, the
wafer shown in Fig. 8E) into an etching solution and.
swinging it, the'wafer is hardly contaminated by
particles, and the etching is made uniform. According to
this wafer processing apparatus, the etching time is
20 shortened, and the etching selectivity between the
unporous layer 503 and the porous layer 504 increases.
The etching time is shortened because etching is
promoted by ultrasonic waves, and the etching
selectivity increases because the promotion of é;ching
25 by ultrasonic waves'is more remarkable on the porous

layer 504 than on the unporous layer 503.
—

BamRThﬂﬂ

\\ll\\\\\\\l\\\\\l\l\ |



the first substrate (see Fig. 8C). The SiJerr] layer 504 is
because, when the first substrate and a second 25 substrate 505 are
adhered in the subsequent step, the i nterface energy at the adhered

i nterface can be renoved
froman active. |l ayer..

usef ul

34 -

The first substrate and the second

substrate 505 are tightly adhered at roomtenperature so as to
sandwi ch the SiQ2 | ayer 504 between them (see Fig. 8D). 5 Thi s adhesi on
may be strengt hened by perform ng anode coupling, pressurization, or
heat treatnent, as Weenlcche unpomusy layer 588 va singhercrystal Si, Wen a
single-crystal Si layer is forned as the unporous | ayer 503, the first
substrate is prke¢ cfablgwinm efgihdngd seduthensecavadseifrd rin @Bbidign er t he
Sigerr] layer 504 is fornmed on_the surface, of the single-crystal S

| ayer by therne® dgepstal GFdyingheolugdon for Si. preferabl e exanpl es of
t he second substrate 505 are . an Si_ substrate, a substrate having an
7 Bt Lo

Sigerr] layer for
substrate such a artz substrate or_t
substrate. >The seco”%§§ﬂ§@f

caM&rate, a light-transmtting
and_.a

Trf At b eBared “hx 48180 € 1R

hire
urface to

be adher ed, , h . Fia 8D
sﬁoals 1(:a LZ adﬁgc%éédm%ﬁ g%e_l e@c{)i-{%]t %réiéf %&?fgérela per&@&é "8 ShyakFluoric M 9

acid

(c) buffered hydrofluoric acid

(d) solution mixture prepared by adding at least

10 one of alcohol and hyﬁrogen peroxide to buffered

hydrofluoric acid

(e) solution mixture of hydrofluoric acid, nitric

acid, and acetic acid

Using these etching solutions, the porous layer 502

15 can be selectively etched to leave the underlying

unporous layer 503 (single-crystal Si). The porous layer

502 is readily selectively etched by these etching

solutions because porbus Si has an enormous surface area

and hence etching pfogresses at a very high speed for

20 the unporous Si layer.

Fig. 8E schematically shows a semiconductor

substrate obtained by the above fabrication method.

According to this fabrication method, the flat unporous

layer 503 (e.g., single-crystal Si layer) is uniformly

25 formed on the entire surface of the second substrate 505.

For example, if an insulatiﬁg substrate is employed
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second substrates via the Sierr] layer 504. The Sierr] |ayer 504
need not be forned when the unporous |ayer 503 or the second substrate
is not Si. In adhesion, a thin insulating plate nmay be 25
inserted between the first and second substrates. The first
substrate is renoved fromthe second

-35 - substrate at the boundary of the porous Si |ayer 502

(see Fig. 8E). The renoval nethod includes the first nmet hod ( of

di scarding the first substrate) using grindi ng, polishing, etching, or
the |ike, andashehe5seeonddsubstoatefSGepatn isepicondiicter awdstrabad
substrates at the boundary of the porous |ayer 502. In the second

met hod, the fiobtainedsbratbecabove fakyigatdion methed, dgpefhgcpdvels Si | eft
on the separated first . Substrate, and planarizing the surface of the
first 10 sudsefate, fasmningudated electromic, eJemSHESSi | ayer 502 is

sel ectively etched and repoved (see Fiﬁ?§§F). The waf er grocessing
appar at us 100 THe PEESPRLSLPVERFLOR (Fan & tHafistg PrecREs1nd; s

waf er processi ng _apparatuys supplies ultrasonic waves,. 15 ile conpletely
di pping a fEPgFP%ﬁ%hF§HCS§E,8¥ﬁ%§nt coé&ﬁﬁﬁniﬁﬁﬁﬂnanaFW8£Q§E§aPﬁ? an
et ching solution and.: q1eg swnging it, the wafer is hardly contam nated by
particles, an t K& chring is made uniform According to
The present invention is not limited to the above
- embodiments and various changes and modifications can be
made within the spirit and scope of the présent
10 invention. Therefore, to épprise the public of the scope

of the present invention the following claims are made.

. This Sheet Has Been Replaced
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this wafer processing apparatus, the etching time is 20 shortened, and

the etching selectivity between the unpor ous | ayer—503—and—the porous
| ayer 504 i ncreases. The etching time is shortened ecau t chi &s
pronoted by ultrasonic waves, and the etching sel ecty S
because the pronotion of etching 25 by ultrasonic waves

‘remar kabl e on the porous | ayer 504 than on the unpor I

-36 - _ ‘When the unporous |ayer 503 is single-crystal Si

the follow ng etching solutions are suited in addition to a general

et chi ng sol ut i WY ofS SLAIMED IS (a) hydrofluoric acid 5 (b)

sol ution nixt;ie prepar gd %¥ addin%Iat Ieasg:uS for °0E of _al cohol_ apd

hydr ogen peroxtde t Wﬁi%?ﬁ SRS INY APRREG proc?%ﬁl%%f?éV% t

hydr of | uori c e P i gn._nj r y addi ng at

| east 10 one fdﬁ%lorf%lthfm}%ﬁgg’g% %e?g%%%%&bﬁﬁ% !

hydrof | uoric agi rising: (e) solution m xture of hydrofluoric acid,
nitric acl d,” and dacetic acid Usi ng these etching sol utions,

the porousslayer 502 wdfer GFbdisSlELHathg! Y etched to | eave the. underlying
unporous |ayer 503 (single-crystal Si). The porous |ayer
a holding portion for directly or indirectly.
holding the wafer; and |
a driving portion for supporting said holding
portion from above said processing bath to swing said
10 holding portion within said processing bath.
2. The apparatus according to claim 1, wherein said
driving portion also serves as a convey mechanism for
conveying the wafer between the apparatus and another
apparatus.
15 3. The apparatus according to claim 1 or 2, further.
comprising ultrasonic generating meané for generating
. ultrasonic waves in said processing bath.
‘4. © The apparatus according to any one of claims 1 to 3,
further comprising a swing support member that comes
20 into contact with a peripheral portion of the wafer in
swinging the wafer by said driving portion, thereby |
supporting swinging by said driving portion.
5. The apparatus according to claim 4, wherein a
portion of said swing support member which may come into
25 contact with the peripheral portion of the wafer is

rounded.

e



502 is readily selectlvely et ched by these etchi-ng— sol uti ons because

porous Si has an enornous surface area and hence etching pr progresses at
a very high speed for 20  the unporous Si IayerTmSﬁwmthsBumEb m
schematically shows a sem conduct or substrat e above
fabrication nmethod. According to this fabric he fl at
unpor ous | ayer 503 (e.g., single-crystal Si Iayer rnty 25
fornmed on the entire surface of the second substrate 505 For
exanple, if an i nsulatin substrate IS, | o

- 37 - 6as t HBesaRRMR D AT t°tﬁga§@nﬁcoWB%E?{P Rubstrate
obt ai ned by the abpve fabricatian nmethod effectiyvel used. to form
"nsul ated el ecPPBNT P PEAIAHE SWing' SUBBOTY, BERDEE HRETH JIRY (SHIE tfhice

vl ot Processi Bguca: e YL S35 CPROL 60" BILRR AL O U e

caused by “par Teles: esent inventron s not ITmted to

t he above oEobedi 1By Sdi%}’ghe&%-}f %‘&ES‘E%EQSﬁ? aFRidi cay i Ié)%%neref ore.

made within the spirit and scope o e present 0O I nvention

to apprise st hegpephd&. of the scope of the present invention the
followi ng clains are nade.
: 7. The apparatus according to claim 6 wherein the

groove has a V shape.
8. The apparatus according to claim 6, wherein the
groove has a rectified full-wave shape.

10 9. The apparatus according to claim 1, wherein said
processing bath comprises a circulating mechanism
including an overflow bath.

10. The apparatus according to claim 4, wherein said
driving portion swings said holding portion to rotate

15 the wafer when the peripheral portion of the wafer comes
into contact with said'swing support. member. .

11. The apparatus according to claim 3, wherein said
ultrasonic'generating means comprises an ultrasonic bath,
an ultrasonic source,.and an adjusting mechanism for

20 adjusting a position of said ultrasonic source in said
ultrasonic bath,_and ultrasonic waves are.transmitted-to
said processing bath via an ultrasonic transmitting
medium placed in said ultrasonic bath.

12. The_apparatus according to claim 1, wherein said

25 driving portion comprises a first driving portion for

horizontally driving said holding portion, and a second

s ||| 1] 100
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-38 - WHAT IS CLAIMED | S 1. A waf er processing apparatus for
processi ng a wafer by di pping the wafer into a pn@gg@§hgg%%gkuaion, :
conpri si ng: a wafer processing bath; a ) H for
directly or indirectly holding the wafer, wherein i‘ Hljﬁl ﬂ m ftion
allows the wafer to rot at e; ~a driving portio ai d
hol di ng portion within said processing bath; and a nenber having a
contact portion resting in said processing bath and allowed to contact a
peri pheral portion  of the wafer, . ﬁher in said drijvi ortion noves
sai d hol di ng p‘i‘?’c‘f’d?‘g R¥ ton cﬁe%l’{'teié:tlc?* &¥p Fﬁ?ﬁé?a?aﬁrl?‘? . the wafer
with the resting contact portion of said nenmber for rotating the wafer.

2. The appar%?‘g%l%’cordi ng to claim1, wherein said driving portion also

serves as 2 copyey RCALANLN SAAN Qo DS NRT £1 PRLYSEN Lhegappar at s

and anot her apparatus. e apparatus accor arml or 2,
further holding portion holds the wafer siBstantially

5 perpendicular to a bottom surface of saild processing
bath, and said driviﬁg portion swings the wafer within a
plane substantially perpendicular to the bottom surface
of said processing bath.

14. The apparatus according to claim 1, wherein said

10 driving portion swings said holding portion ﬁithin said .
processing bath to substantially uniformly process the
wafer with a processing solution.
15. The apparatus according to claim i, wherein said

- holding portion can hold a wafer holder capable of

15 storing a-plurality of wafers.
16. The apparatus according to claim i,'wherein at
least portions of said processing bath, said holding
portion, and said driving portion, which may come into
contact with a processing solution, are made of a

20 material selected from the group consisting of quartz
and plastic. |
17. The apparatus according to claim 1, characterized
in that at least portions of said processing bath, said
holding portion, and said driving portion, which may

25 come into contact with a processing solution, are made

of a material selected from the group consisting of a

a0 - RN RO



conprising ultrasonic generating means for generating ul trasoni c waves

I n said processing bath. heh@smﬁmaea&n ﬂﬂﬂln to claim1,
wherein the contact portion of said roove in a direction
substantially parallel to a wafer surf he appar atus accordi ng
to claim4, wherein the groove has a The appar at us
according to claim4, wherein the groove has a rectlfled full-wave
shape. 7. The apparatus according to clain11 wherein said

proceSS|ng bat co rises a cirgcul ati chani udi ng an overfl ow
bat h. . ? Dat STt awld ‘H’é'%tr& raP €M£ FRFn said driving

portion smnngs S hol di n por to r tate en_t

peri pher al por?ﬁD 5?p¥ﬂ%n%af%? Sreé"é‘%ﬂa%? F]IEP% %t act
portion of sai e S FHRpa" at us according to claim3, wherein
sai d uItrasong enera??$§?%%%%§pc%nprlses an ultrasonic bath, an

ul trasonic soujge, ﬂngaferagbﬁ§ NIRRT %ﬁhfgbnﬂgyﬂﬁé'ggwaﬁePPS't'0” of -

said ultrasonic source I n sal dYtrasonlc bat h and rasoni ¢ waves are

transmtteg tocgﬁbﬂ1§1ﬂ§ESSIng bath via an ultrasonic transmtting nedi um
pl aced in said

a holding portion for directly or indirectly
holding the wafer; and

a driving portion for driving said holding portion
along a convey path,

10 said driving portion dipping the wafer into a wafer
processing bath and swinging the wafer midway along the
convey path.

19. The apparatus according to claim 18, wherein said
| driving portion comprises a first driving portion_for

15 Thorizontally driving said holding portion, and a second
driving poftion for vertically driving said holding
portion.

20. The apparatus according to claim 18, wherein said
holding portion holds thelwafer substantially

20 peipendicular to a bottom surface of said processing
bath, and said driving portion swings the wafer within a
plane substantially perpendicular to the bottom surface
of said processing bath. |
21. The apparatus according to claim 18, wherein said

25 driving portion swings said holding portion within said

processing bath to substantially uniformly process the

~ax - NNV RO
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-40- ultrasonic bath_———m——ée——lhe—appa¥atus accordlng to claiml,
wherein said driving portlon conprises a first driving portion for

hori zontal ly driving said epiased and a second driving portion
for vertically driving sai n d on. 11. The apparatus
according to claim1, wherdi di ng .portion holds the wafer

substantial |y perpendicul ar to a bottom surface of said processing bath,
and said driving portion swings the wafer within a pl ane

bst |1 i | . i
bath. yw%%sﬁ%‘é'&ﬁ&ﬁéré&%%‘%é%% O 0 Sadh PablessifbOBRER N0
portion .SW ngs, Sa' hol nggeagt Qo%ﬂgg ntéaa{:gam 1% OGReskid e?aa to

substantlally nlf €SS prdocessing sol uti on.

13. The appaf%ggéragg EF r@éld\mﬁ{ mlohohﬁtﬂgnpgaiaon can

hol d a wafer |ng a a 'ty of wafers. The

appar at us accgﬁ%&gsgﬂgo*;gtﬁl l]:o éﬂ%‘i‘éé‘ ﬁlﬂﬁ@fgt ofP@hbi GAEeDf wﬁéhda

processi ng ba sal ing portion, and 'said driving portion, which may

come int 0 gontReY pHelrl1apoPt 268 SSE NEhE Ghdlidd tonise iftde cohtactawethal
selected from the group con5|st|ng of quartz and plastic.

a projection. formed in said process;ng bath.

23. The apparatus according to claim 18, wherein said
driving portion swings said holding portion within said
processing bath to rotate thé wafer when a peripheral

10 portioﬁ of the wafer comes into contact with a
projection formed in said processing bath.

24. The apparatus according to claim 18, wherein said
holding portion can hold a wafer holder capable of
storing a plurality of wafers.

15 25. A semiconductor fabrication apparatus comprising
the apparatus according to any one of claims 18 to 24,
and one of a piurality of wafer processing apparatuses.
26. A wafer processing method of processing a wafer by
dipping the wafer into a processing solution, compriéing

20 dipping a wafer into the processing solution while
supporting the wafer-ffom above a wafer processing bath,
‘and swinging the wafer within said processing bath.

27. The method according to ‘claim 26, wherein, while
the wafer is.swung within said processing bath, |

25 ultrasonic waves are generated in the prbdessing

solution.
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-41- 15. The apparatus according to claiml1, wherein at—teast——
portions of said processing bath, said holding portion, 0 ald |V|ng
portion, which may conme into contact with a proce53|ng ﬁﬂde
of a material selected from the group consisting of a f l

vi nyl chloride, pol yet hyl ene, pol ypropyl ene, pol ybutyl e

(PBT), and pol yet her et her ket one ( PEEK). 16. A wafer proceSS|ng nethod

of processing a mafer by di pping the wafer into a processing sol ution,

h hod I di I h f b
2 holding  por £Pon i*hehmemdtwéc%c‘f%%g.y el gt 61 30 o EheEmem. o o
t he hol dj t thi nb
having a resti geﬂoﬁﬁée'eré’ i e idiny ”%5% blvcafaitd ok Forti on
f th f f th
o e oPePLBH ST 55 A p%fttfr%z%%m 8 BECLORE  Ahepordhedee! the

met hod accordlc}gg ﬁ%%%é@loﬂmféﬁﬂéa \m'sath Bﬁoc&@éﬁﬁg']é% HURg Wi thi n

sai d processi ng asonli c waves are generat ed in e pr ocessi ng

solution. 5 18nhdHEe "B NG RE COF HHY waFedd.ai m 16 or 17, wherein the wafer
I's etched by using an etching solution as the processing solution.

29. The method according to claim 26 or 27, wherein,

when the wafer is swung within said processing bath, a
peripheral portion of the wafer is brought into contact
with a projection formed in said processing bath to
10 rotate the wafer.
30. The method according té any one of claims 26 to 29,
wherein the wafer is swung to substantially uniformly
process the wafer with the processing solution.
31.' The method according to any one of claims 26 to 30,
15 wherein the wafer is etched by using an etching solution
as the processing solution.
32. The method according to any one of claims 26 to 30,
wherein a wafer having a porous silicon layer is etched
by using an etching soluﬁion as the processing solution.
20 33. A semiconductor substrate fabrication method
comprising fabricating a semiconductor substrate by
using the method according to claim 32 in a part of
fabrication steps. |
34. A wafer prbcessing method comprising processing a
25 wafer by using the apparatus according to any one of

claims 1 to 17.

-
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the processing sTHigRhessHas BED

net hod
nmet hod
waf er-

proces
by usi
sem co
sem co

net hod
por ous

substr
first

19. The nethod-aceording to cIa|n116 or 17, wherein a wafer

conpri sing
accordin

A sem conductor substrate fabrication
a sem conductor substrate by using the
n a part of fabrication st eps. 21. A

having a porous silicon Iayeﬁ etched by using an etching sol ution as

AL

processi ng nethod conpri sing processing a mafer by using the
apparatus according to any one of clains 1 to 22. A wafer

ng The abfar & (EPLEE FETIRPAIGE “§§§‘°§n8°‘8¥’r’c Hee “l{:%%i’e"” " 2§f “A

duct i ' h

nduct or %%%?t 2ihe uétoﬁé,t%%hgﬁﬁét RESEE Br By, gl mestacdd 7,

part of fabric n substrate fabrication
2P SRS any %%e ?E%ﬁg gues of7 ;

conpri si ng:

rmng an unporous |ayer on a

layer 4grneg é@hfbéﬂ&dé%&%‘§hb%t§b£étf§HP§éé€46h method t he step of.
adhering a first substrate side of a prospective structure and a second

ate Br epsdmsh

isEaRprativded ngaadwekic SAdEC LY Gulbst daye bybet ween the

substrate side and sai d second substrate; _
using the method according to claim 35 in a part of

fabrication steps.

37.

A wafer processing method of processing a wafer

while supplying ultrasonic waves, comprising:

completely dipping the wafer into a processing

solution, and processing the wafer while changing a

strength of ultrasonic waves which act on the wafer.

A wafer prqcessing method of processing a wafer

while supplying ultrasonic waves, comprisiﬁg:

completely dipping the wafer into a processing

solution, and processing the wafer while moving the

A wafer processing method of processing a wafer

while supplyihg ultrasonic waves, comprising:

completely dipping the wafer in a processing

solution, and processing the wafer while swinging the

A wafer processing method of processing a wafer

while supplying ultrasonic waves, comprising:

10
38.

15
wafer.
39.

20
wafer.
40.

25

completely dipping the wafer in a processing

solution, and processing the wafer while swinging the

) )



-43 - the renpval step of renoving said first substrate from the
adhered structure to expose said porous |ayer on a samgs&mﬂmgghhq& aghde

t hereof ; and the etching step of etching said por e t he
second substrate side on which said porous |ayer is expo etely
di pped into an etching solution, and ul trasoni c waves '

t hereby exposing a surface of the second substrate side, . the
etching step changing a strength of ultrasonic maves mhich act on the
second substr%aefesrlq:ﬁ) cros%S é gﬁgl ggn‘gﬂngmosry S 1A r| cation met hod
conpri sing t %orning an unpor ous Iaye %'r§ﬁ§ | ayer

formed on a sy ace Oaff'aexf 'ﬂx%tce%gmrﬁteehoa of préé%;a & L gaegge“ ng a

first substrate si a ‘prospective structure bstrate
prepared sepafated )élﬁ%l%ﬁ%ﬁ'ﬂrﬁébﬂlé”@%@éls é&a&&&e@wen the first

substrate side and said second substrate; he renoval step of
removing sai d firstecmplstedye dippingt hneadaﬁéﬁdlﬁta rtddesdifigexpose said
porous |ayer on a second substrate side thereof; and the etching

step of etBhi rplamiidnpocuppolrayay vhel wafde swetantislllst rate si de on which
said porous |ayer is exposed is conpletely dipped into an etching
sol uti on, and perperndicnilerwivocs pienguppl vitdrattimr efy vdtpasiondca surface of
t he second substrate side,

waves, and processing the wafer while swinging the wafer

to cross the plane of vibration of ultrasonic waves.

42. A wafer processing method of processing a wafer

10 while supplying ultrasonic waves, comprising:
completely dipping_the_wafer in a processing

solution, supporting the wafer substantially parallel to

a plane of vibration of ultrasonic waves, and processing

the wafer while swinging the wafer to cross the plane of

15 wvibration of ultrasonic waves.

43. A semiconductor substrate fabrication method
comprising:

the step of forming an unporous layer on a porous
layer formed on a surface of a first substrate;

20 the step of adhering a first substrate side of-a
prospective structure and a second substrate prepared
separately to sandwich said unporoﬁs layer between the
first substréte side and said second substrate;

the removal step_of removing said first substrate

25 from the adhéred structure to expose said porous layer

on a second substrate side thereof; and

I
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the etching step noving the second‘Subsfrf&f&{H4M;_“._;

- 44- 26. A sem conduct or subsﬁﬂa f brrcatron nmet hod conpri si ng:
the step of form ng an unporous | ayer er formed on a
surface of a first substrate; dherrng a first
substrate side of a prospective str econd substrate prepared
separately to sandw ch said unporous Iayer betmeen the first substrate
side and said second substrate; the renoval step of renoving said

first substrate fr adhered structure to se sard oro s.layer on
a second substrat g‘]esreéggﬂ'ﬂgrﬁ %detcmng ﬁar'?@%[oé‘ F‘ &€chi ng
sai d porous | r d t C d. por ous

| ayer is expogé SwgongoﬁgﬁeFr$€gdghped§§g{g‘%hikgghﬁﬁaggglE ?8& lgnd
ultrasonic wa p gg%? PR e e second
substrate si dé&io@%ﬁ 1L Ebhé %é%g st ‘ggmnnéyggpfﬁghég ongi é?rate si de.
27.. A sem congugt Q'tha?HQéMétﬁa@é@réfé‘té@blrﬁdmihe’i‘éﬁgr b&bagmg a the
step of form ng an unporous | ayer on a porous | ayer ormed on a surface of
a first subst car®ace of thBesséeRd dulsshiteGidd,i rst substrate side of a
prospective structure and a second substrate prepared separately to
sandwi ch sai d unporhes elcehehgbetepechahgind rsststrength of ultrasonic

waves which act on the sécond substrate side.
44. A semiconductor substrate fabrication method
comprising: |
10 the step of formihg an unporous layer on a porous
layer formed on a surface of a first substrate;
the step of adhering a first substrate side of a
prospective structure and a second substrate prepared
separately to sandwiéh sald unporous layer between the
15 first substrate side and said second substrate;
the removal step of removing said first substrate
from the aahered structure to expose said porous layer
on a second substrate side thereof; and
the etching step of etching said porous.layer while
20 the second substrate side on which said porous layer is
exposed is completely dipped into an etching solution,
and ultrasonic waves aré supplied, thereby exposing a
surface of the second substrate side, |
the etching step moving the second substrate side.
25 45. A semiconductor substrate fabrication method

comprising:
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substrate side and'sald second substrate; | t he renoval step of
renovi Nng saif;fdntePliasHidHebalg from - 45

- t he adh F to expose said porous |ayer on a second
substrate si dEﬂﬂ Hlﬂﬂﬂuw the etching step of etching said porous
| ayer while t Bbstrate side on which said porous | ayer is -
exposed I's conpletely dipped into an etching solution, and ul trasonic

waves are supplied, thereby exposing a surface of t he second substrate

si de, t he et'gljfé' n&% ek Sé’c‘ﬂrﬂﬁ% ahhgnﬁgggﬁgp\f%g&t r&t a?t&eo&so Cross

a plane of vibration of ul'trasonic es. m con or substrate

fabrication ma_%%}g% FEAY 1o %gi?urface okhg fi%?t gglﬁéﬁfg‘w an unporous

| ayer "on a por ayer formed on a surface rst substrate;

the step of adhering@ fidStos WRiHdrahg o ¢2r8t SubSkASRECide ot raicture and
a second substrate prepared separately to sandw ch said unporous |ayer

bet ween the figsdspeatisid dtitiecanddsal desos@nsulssthdtidigrepared the
renoval step of renoving said first substrate from the adhered structure

t 0 expose Sai (s@mirutselvtey samdwichesand anpstoas clayeie bdtavesaf ;thend
the etching step of etching said porous |layer while the second substrate
si de on whi ch &arst paulsstscdtzy erides andpesiéd sesondngikstrateali pped i nto an
etching solution and supported
the removal step of removing said first substrate
from the adhered structurelto expose said porous layer
on a second substrate side thereof; and -

10 the etching step of etching said porous layer while
the second substrate side on which said porous layer'is'
exposed is éompletely dipped into.an etching solution,
land ultrasonic waves are supplied, thereby exposing a
surface of ﬁhe second substrate side,

15 the etching step swinging the second substrate side.
46. A semiconductor substrate fabrication method
comprising:

the step of forming an unporous layer on a porous
layer formed on a surface of a first substrate;

20 the step of adheriné a first substrate side of a
prospective structure and a second substrate prepared
separately to sandwich said unporous layer betweeﬁ the
first substrate side and said second substrate;

the removal step of removing said first substrate

25 from the adhered structure to expose said porous layer

on a second substrate side thereof; and

=ar = A O A
: * . C L ] S *



substantial ly perpendi cul ar to'a'plane of vibration-of- -uttrasoni ¢ waves,

and ul trasonic waves are supplied, thereby exposing a surfac Ko 16
second substrate side, the etching step sw ngi A§s ; bstrate
side.to o - 46- H K ‘ \ e of

vi bration of ultrasonic waves. 29. A sem conducto

fabrication nethod conpri si ng: the step of form ng an unporous
~layer on a porous |ayer formed on a surface of a first substrate; :

h f adheri fi bs. i de of a, '
and a second substr P8 BFERMPECSCod ath ATy S BRFoReC LPYoE pRRdRe
| ayer between [jg %éééﬁd s&ﬁg%§£§§€%fﬁ‘“%ﬁ? 138 22$8°88Ho5K PFL ﬁéei
the renoval step of renoving Saird first substrate $r0§1 ?%e é% ere

structure to expgsgedaid SORILSLIRY il intdeaANdesibaL' gbouelds, ther eof

and the etching step 'of etching sald porous |ayer second

substrate sideafd Witplsorid RHFES artd)Ripd13 @ PeRRPeby | &x508PhGt 8! y di pped
into an etching solution and supported Substantially parallel to a plane

of vibrati en ofutFa¢8seni €he y@v®Ed sAlBbtdalteasdde¢ Waves are supplied,
t hereby exposing a surface of the second substrate side, t he
et chi ng step sw ngi thet aechingnsitap bstirmging ithe secondosabsheapeasntdef
vi brati on of ultrasonic waves. :
: to cross a plane of vibration of ultrasonic waves.
47. A semiconductor substrate fabrication method
comprising: |
10 the step of forming an unporous layer on a porous
layer formed on a surface of a first substrate;
the étep of adhering a first substrate side of a
prospective structure and a second substrate prepargd
separately to sandwich said unporous layer between the
15 first substrate side and said second substrate;
the removal step of removing said first substrate
from the adhered structure to expose said porous layer
on a second substrate side thereof; and
the etching step of etching said porous layer while
20 the second substrate side on which said porous layer is
exposed is completely'dipped into an etching solution
and supported substantially perpendicular to a plane. of
vibration of ultrasonic waves, and ultrasonic waves are
supplied, thereby exposing a surface of the second

25 substrate side,

the etching step swinging the second substrate side

- 4 - ‘] Y
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30. The apparat us according to any one of clains 1-15, wherein said nenber
are nmade of a material selected fromthe group consisting of a fluorine

resin, vinyl chloride, polyethylenethigshk ced
pol ybut yl enet er epht hal ate (PBT), and““\‘iﬁ‘ 1\ | tketone ( PEEK) .

to éross the plane of vibration of ultrasonic waves.
48. A semiconductor substrate fabrication method
comprising:
the étep of forming an unpofous layer on a porous
5 1layer. formed on a surface of a first substrate;
| the step of adhering-a first substrate side of a .
prospective structure an§ a second substrate prepared
separately to sandwich said unporous léyer between the
first substrate side and said second sﬁbstrate;

10 ' the removal step of removing said first substrate
from the adhered structure to expose saild porous layer
on a second substrate side thereof; and

the etching step of gtching said porous layer while
the second substfate side on which said porous layer is

15 exposed is completely dipped into an etching solution
and supported substahtially parallel to a plane of
vibration of ultrasonic waves, and ultrasonic waves are
supplied, thereby exposing a surféce of the second
substrate side,

20 the etching step swinging the second substrate  side
to cross the plane of vibration of ultrasonic waves.
49. The apparatus according to claim 4, wherein swing
support member are made of a_material selected from the
group consisting of a fluorine resin, vinyl chloride,

25 polyethylene, polypropvlene, polybutyleneterephthalate

(PBT), and polyetheretherketone (PEEK).
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