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BACKGROUND OF THE |NVE|\r'| ON REPLACER| $HEETE THESﬁNVE | ON AYoRThe
present invention rel ate Sglwgger q@ﬁ§§; _________ pparatus, a wafer
processi ng nmet hod, and 4 1m §n1q _____ |€@Q§ fabrication method
and, nore parti cul cu fn {’i aqed"m(p Qﬁla:p aratus for
processi ng a wafer by di Q “@s e %'ﬁﬁbg """"" sol ution, a wafer
processi ng method, and & 3@ﬁducﬁ%¥e """" % rate fabrication nethod.
15 DESCRI PTI"ON OF THE“HELAltU ART Cleanlng processing is a
typi cal exanple of wafer FIFTESsOF nPHE OMVENIDI@Et of wafer cleaning is
to increase t he speed. Japanese Patent Lai d-Open No. 8-293478 has 20
di scl osed a waf &AEE%%Q@%N%GPBABBBU& o‘ﬂAR‘EﬁrMEﬁ@ING METHODe| eani ng
efficiency by supplying ultrasonic wave |le rotating a wafer, and
an apparatus for prfa | NDUCTPH|§UQ§TEEHE FABRICATIONT WDer cl eani ng

met hod di scl osed in Japanese 25 Patent Laid-Open No. 8-293478 is based on
t he

5 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present invention relates to a wafer processing
apparatus, a wafer processing method, and a
10 semiconductor substrate fabrication method and, more
particularly, to a wafer procéssing apparatus for
processing a wafer by dipping it into a processing
solution, a wafer processing method, and a semiconductor
substrate fabrication method.
15
DESCRIPTION OF THE RELATED ART
Cleaning processing is a typical example of wafer
processing. One subject of wafer cleaning is to increase
the speed. Japanese Patent Laid-Open No. 8-293478 has
20 disclosed a wafer cleaning method capable of increasing
the cleaning efficiency by supplying ultrasonic waves
while rotating a wafer, and an apparatus for practicing
this method.
The wafer cleaning method disclosed in Japanese

25 Patent Laid-Open No. 8-293478 is based on the
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- 2- recognition that a wafer is nost efficiently cleaned at

the interface between a cl eaning solution and anbi ent at nosphere. In

t he waf er cl eani ng net hod, therefore, particles inevitably attach to a
wafer at the interface 5 between the cleaning solution and anbi ent

at nosphere. In the wafer cleaning apparatus disclosed in
Japanese Patent Lai d-Open No. 8-293478, a cam nmechani sm for rotating a
waf er is arranged i nmedi ately bel ow t he wafer, so a rotating force is
not efficiently 10 transmtted to the wafer. |In the wafer cleaning
apparatus, the transm ssion of ultrasonic waves is I nterrupted because
the cam mechawessgnitiondthat aowafer bomgisdt elfifichestdyt béeanédratrom
below. As a result, the strength of ultrasonic waves differs between
the center 1%heapdtpsfapaebatwern (2 oplesming spitgionaandt AEbiaRE:

cannot be uniformy processed. This nonunlern1ty cannot be i nproved

by rotation ofFREPREFE:r. In the wafer cleaning me %Qﬂmm@ﬁe¥$fQ#ﬁzl NVENTI ON

ggntan1nalfoh58%%éo FanSVlég?}fégégqﬁhHgg%Pt qﬁa?@rkﬁe 1nb?5€%§§es
|nclud|ng en w%g%thgtEﬂéggi%%jsolutlon éhd Amba b 5t885§ﬁér8f th

present in processi hg uni1orm
processing apparat%% 25e0LdFY tPehfifng apparatus disclosed in

Japanese Patent Laid-Open No. 8-293478, a cam mechanism

A waf er

for rotating a wafer is arranged immediately below the
wafer, so a rotating force is not efficiently

10 transmitted to the wafer. In the wafer cleaning
apparatus, the transmission of ultrasonic waves is
interrupted because the cam mechanism is laid out to
completely shield the wafer from below. As a result, the
strength of ultrasonic waves differs between the center

15 and peripheral portion of the wafer, and the wafer
cannot be uniformly processed. This nonuniformity cannot

be improved by rotation of the wafer.

SUMMARY OF THE INVENTION
20 It is an object of the present invention to prevent
contamination of a wafer by particles in various wafer
processes including cleaning and etching.
It is another object of the present invention to
make wafer processing uniform.

25 A wafer processing apparatus according to the
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- 3- present invention is a.-wafer processing apparatus for
processing a wafer by dipping the wafer into a processi ng sol ution,
characterized by conprising a processi ng bath having a depth that
allows to conpletely 5 dip the wafer into the processing solution, wafer
rotating neans for rotating one or a plurality of wafers hel d by a

waf er hol der by using a wafer rotating nenber whi ch rotates about a
shaft shifted froma portion i mmedi ately bel ow a barycenter of the one
or plurality 10 of wafers, and ultrasonic generating nmeans for

generating ultrasonic waves in the processing bath. In the wafer
processi ng appaesens, iopueptioe Wwmfzrwafer pﬁﬂﬂﬁﬁsnggnépberatsspfeterabIy
arranged as a nenber for transnmtting a rotating force to the wafer

bel ow t he onePresessing| arwpfey Ry dipring Hdled wafernankafar hol der.

In the wafer processing apparatus, the wafer rotating nenber

pref erabl y coﬁﬁPF§§§l&9 FeAYtione ?QﬁFaCter%ﬁﬁﬁb@W §88§Féﬁ%?§l@y parallel to

the shaft, and the ro pre es a out th shaft. 20
In the wafer gx&e&%mg By B Gh [ Pefambrteiss a

upon ot att onuP EHE PRREL i‘ngﬂeaﬁ%rpﬁ%%%ﬁsm%ase%{lgg‘?r V*—‘”“a':% the
el er processng 8aRgr ALUTs EBE FOLIRIPUne 2T U hELANLL N8E RabLoSVe

whi ch engages W peri
held by a wafer holder by using a wafer rotating member

which rotates about a shaft shifted from a portion
immediately below a barycenter of the one or plurality

10 of wafers, and ultrasonic generating means for
generating ultrasonic waves in the processing bath.

In the wafer processing apparatus, only the wafer
rotating member is preferably arranged as a member for
transmitting a rotating force to the wafer below the one

15 or plurality of wafers held by the wafer holder.

In the wafer processing apparatus, the wafer
rotating member preferably comprises at least one rod
member substantially parallel to the shaft, and the rod
member preferably rotates about the shaft.

20 In the wafer processing apparatus, the rod member
preferably has a diameter much smallef than a diameter
of a cylinder virtually formed upon rotation of the rod
member about the shaft.

In the wafer processing apparatus, the rod member

25 preferably has a groove which engages with a peripheral
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-4- portion of the wafer. . . In the wafer processing
apparatus, a section of the rod nmenber taken along the shaft
preferably has a substantially sine-wave shape. 5 In the wafer
processi ng apparatus, a section of the rod nmenber taken al ong the
shaft preferably has a substantially full-wave rectifying shape.

In the wafer processing apparatus, the wafer rotati ng neans preferably
further conprises driving 10 force generating neans arranged outside the
processi ng bath, and driving force transm ssion nmeans for

transmtting a driving force generated by the driving force generating
means to the wafmrionotodt thg weffber and rotating the wafer rotating
menber. 15 The wafer processing apparatus preferably further
conprises a d|V|d|riylﬁhﬂb@ﬁfﬁérP@OQE§ShQGa@ppaﬂaﬁuSJraoﬁectlontné bhecessi ng
bath into a processing wafer side an side of the driving force
transm ssi on fSsh&ember taken Pﬁoﬁﬂetﬂﬁj%haﬁﬁwﬂﬁﬁﬁﬁrﬁ§ ¥pbakatus, the

driving 20 force tran ssi,on nmeans preferably transmts the drivihg'
force generatéﬂ*ﬁ?ﬁpﬁéaii&v?ﬁﬁeTB?g% ating means through a crank
mechani sm e waf er grocess n aratus, the %egglng

bath prefePably corft |t§’(.§s wé‘f(‘?ffr PaPEEPAY 9e $tad 7§38 aﬁ Pf I ow
bat h. rod member taken along the shaft preferably has a

substantially full-wave rectifying shape.
In the wafer processing apparatus, the wafer
rotating means preferably further comprises driving
10 force generating means arranged outside the processing
bath, and driving force transmission means for
transmitting a driving force generated by the driving
force generating means to the wafer rotating member and
rotating the wafer rotating member.
15 . The wafer processing apparatus preferably further
comprises a dividing member for dividing an interior of
the processing bath into a processing wafer side and a
side of the driving force transmission means.
In the wafer processing apparatus, the driving
20 force transmission means preferably transmits the
driving force generated by the driving force generating
means through a crank mechanism.
In the wafer processing apparatus, the processing
bath preferably comprises a circulating mechanism having

25 an overflow bath.
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In the wafer processing apparatus, .the circul ating mechani sm
preferably conprises contam nation reducing means for reducing

contam nation of the wafer by particles. 5 In the wafer
processi ng apparatus, the contam nati on reduci ng neans preferably
conprises a filter. In the wafer processing apparatus, the
contam nation reduci ng neans preferably conprises neans 10 for adjusting
fl ow of the processing solution in the processi ng bat h. In
the wafer processing apparatus, the ultrasonic generati ng neans
preferably conprises an ultrasonic bath and an ultrasoni c source, and
the processing bat An thepreferaprgcesstiny cxppinatasonitbewsigsuihtdogh an
ultrasonic transmtting nmediumset in the ultrasonic | bat h. '
The waf er pr o®esdERdSBpPALELLLIY cfArRIBISET \faeminationorpdnedBadri vi ng
means for chag%%g a relative 20 £05|t|onal relaglonshlg bet ween t he

ul trasonic so for preugipngseent e wafe In the wafer
processi ng ap% glﬁﬁ the driving nmeans preferably noves t he
ul trasonic so fRirn the ultrasonic bath. 25 In the wafer

processingsapparat%%,t%% MS%EE processing apparatus, the

contamination reducing means preferably comprises a
filter.

In the wafer processing apparatus, the
contamination reducing means preferably comprises means

10 for adjusting flow of the processing solution in the
processing bath.

In the wafer processing apparatus, the ultrasonic
generating means preferably comprises an ultrasonic bath
and an ultrasonic source, and the processing bath

15 preferably receives ultrasonic waves through an
ultrasonic transmitting medium set in the ultrasonic
bath.

The wafer processing apparatus preferably further
comprises driving means for changing a relative

20 positional relationship between the ultrasonic source
and a wafer to be processed.

In the wafer processing apparatus, the driving
means preferably moves the ultrasonic éource within the
ultrasonic bath.

25 In the wafer processing apparatus, at least
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- 6- portions of constituent menbers of the processing bath and
the wafer rotating nmeans which nmay cone into contact with the
processi ng solution are preferably nmade of one materi al selected from
the group consisting of quartz 5 and pl astic. In the wafer
processi ng apparatus, at | east portions of constituent nmenbers of the
processi ng bath and the wafer rotating neans which may cone into

cont act with the processing solution are preferably nade of one 10
material selected fromthe group consisting of a fluorine resin, vinyl
chl ori de, polyethyl ene, pol ypr opyl ene, pol ybutyl enet er epht hal ate
(PBT), and porpibbyetdleregimikercote neRBEKS. of the procdssiafebawhocessi ng
met hod according to the present 15 invention is a wafer processing nethod
of processinga%g the wafier rghatdngl meassnwhighveay e@ns UigPla epntact

characterized | ag conprising processing the wafer. while entirely
di ppi ng the watehr Thf PLEOHTEESSiSdWEsrnt pER BReferably giade of e wafer.

20 A waf er processjn t hod according to the present i nvention
is a wafer pr‘B%’é%EJr‘#; ?ﬂ?&@%ﬁﬁ%@g@sgﬁﬁug con51§3'afréq ?/é:iq‘@’iﬂzt rasonic
waves are suppli.e characteri zed by conprising processing the wafer
whi | e entﬁfelgnd 5&a%ﬁﬁﬁﬁ ng the wafer into a processing solution, and 25

rotating and vertif@]{ﬂérg%@égJégg%éygi B'apparatus, at least

portions of constituent members of the processing bath
and the wafer rotating'means which may come into contact
with the processing solution are preferably made of one

10 material selected from the group consisting of a
fluorine resin, vinyl chloride, polyethylene,
polypropylene, polybutyleneterephthalate (PBT), and
polyetheretherketone (PEEK).

A wafer processing method according to the present

15 invention is a wafer processing method of processing a
wafer while ultrasonic waves are supplied, characterized
by comprising processing the wafer while entirely
dipping the wafer into a processing solution and
rotating the wafer.

20 A wafer processing method according to the present
invention is a wafer processing method of processing a
wafer while ultrasonic waves are supplied, characterized
by comprising processing the wafer while entirely
dipping the wafer into a processing solution, and

25 rotating and vertically moving the wafer.
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-7- A wafer processing nethod according to the present

I nvention is a wafer processing nmethod of processing a waf er while
ultrasonic waves are supplied, characterized by conprising processing
the wafer while entirely 5 dipping the wafer into a processing solution
and changi ng a position of an ultrasonic source. .The wafer
processi ng net hod according to the present invention is characterized
in that the wafer is cl eaned using a wafer cleaning solution as the
10 processing sol ution. The wafer processing nethod is suitable
for a met hod of etching the wafer using a wafer etching sol ution
as the processing BovVafeprprocessing nephod\areprgingetai tae merersnt s
suitable for a 15 pethod of etching a porous sjilicon |ayer of a wafer

havi ng the potBUSPEIPR cbh 3 MR ATNFeESpBIoNStRPH| @brProcessinthiang
solution as the §£oces I ng sol uti,on. Th rocessi ng. net hod

i s suitable f8pfer WhAlleilrasqnig wrves ﬁrﬁof’ﬁﬁgfjsﬁ\’,\ﬁ gr Jagrarigedy waf er

20 L g, MLl EL AR R GBSy SO O

L“eﬁg)‘jlr Sep[fpﬁ%ﬁ%ﬁ%% Nl SRAY a procBUEiRg SLEQLLL, afigh hydrogen
changing a position of an ultrasonic source.

The wafer processing method according to the
present invention is characterized in that the wafer is
cleaned using a wafer cleaning solution as the

10 processing solution.

The wafer processing method is suitable for a
method of etching the wafer using a wafer etching
solution as the processing solution.

The wafer processing method is suitable for a

15 method of etching a porous silicon layer of a wafer
having the.porous silicon layer using a porous silicon
etching solution as the processing solution.

The wafer processing method is suitable for a
method of etching a porous silicon layer of a wafer

20 having the porous silicon layer using, as the processing
solution, any one of

{a) hydrofluoric acid,

(b} solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to hydrofluoric

25 acid,
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25 acid, - 8- (c)

buf fered hydrofluoric acid, (d) solution m xture prepared by
addi ng at | east one of al cohol and hydrogen peroxide to buffered
hydr of | uori ¢ acid, and 5 (e) solution m xture of hydrofluoric
acid, nitric acid, and acetic acid. A sem conduct or
substrate fabrication nmethod according to the present invention is
characterized by conprising the step of form ng a non porous |ayer on
a 10 porous layer forned on a surface of a first substrate, the step
of bonding a first substrate side of a prospective structure and a
second substrate prepabafifered kygrgBliugsia écddadwi ch the non porous | ayer
bet ween t he first substrate side and the second substrate, the 15
removal step of rerdBVi Bglukionipkxtunm prepased: by aAding at pberirl structure
to expose the porous |ayer_on a second substrate side thereof, and the
et ching step BPCePEnfhEONOl andihyiosied PeyexidRi te PrEfeRdnd substrate

side on i.ch_the porous.layer is exposed is conpletely dipped 20
into an etchiﬁgd§8F%??5 c %ﬁHdUF#ngonic waves are suppl i ed, thereby

eXPOS! 10 S 202 Ol PEoTGEPRY g Y HiRoR LBy g R I 1
substrate fabpieati Qg BLOOH: acid.
A semiconductor substrate fabrication method

according to the present invention is characterized by
comprising the step of forming a non porous layer on a

10 porous layer formed on a surface of a first substrate,
the step of bonding a first substrate side of a
prospective structure and a second substrate prepared
separately to sandwich the non porous layer between the
first substrate side and the second substrate, the

15 removal step of removing the first substrate from the
bonded 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

20 1into an etching solution, and ultrasonic waves are
supplied, thereby exposing surface of the second
substrate side, the etching step rotating the second
substrate side.

A semiconductor substrate fabrication method

25 according to the present invention is characterized by

heet Has Been Reilaced
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25 according to the present invention is characterized by

-9- conprising the step of form ng a non porous |ayer on a

porous | ayer forned on a surface of a first substrate, the step of
bonding a first substrate side of a prospective structure and a second
substrate prepared 5 separately to sandwi ch the non porous | ayer between
t he first substrate side and the second substrate, the renoval
step of renoving the first substrate fromthe bonded structure to
expose the porous |ayer on a second substrate side thereof, and the
etching step of etching 10 the porous layer while the second substrate

si de on whongir itsiegpaheustepyef formeiopysedars pronyisetlalgrdoppad

into an etching solution, and ultrasonic waves are suppl i ed, thereby
exposi ng surf asxrafs tiayerefonted on sudsrface of de fimss subsitmgtst ep
rotating and vertically 15 noving the second substrate side. A
senm conduct or HhehRten o Popdiag anfheshosubstratge &ddsi ®f €o t he present

i nvention is characterized by conprising the step of form ng a non
porous | ayer (ﬁ¥9§PeCt1VﬁbﬁGE§CFH§%raP%r%EQPQ9P41%ﬂhﬁ@%ﬂ?eoprgpﬁﬁﬁ t

substrat e, t he s of bo n first substrate si

prospecti ve st§QRﬁ &O sgg ﬁﬂﬂsgbﬁt?%ﬁfP Qﬁﬁi er et?@ﬁﬁr&b@ly to

sandw ch the oro | ayer tmee strate side and the
second substrgﬁér b3tra ?eﬁﬁ q e 3 %h%fs?C?ﬁ) %;%ﬁﬁ? Flrgﬁ Ssubstrate

fromthe removal step of removing the first substrate from the

bonded structure to expose the porous layer on a second
substrate side thereof, and the etching step of etching

10 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 surface of the second
substrate side, the etching step rotating and vertically

15 moving the second substrate side.

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

20 the step of bonding a first substrate side of a
prospective structure and a second substrate prepared
separately to sandwich the non porous layer'between the
first substrate side and the second substrate, the
removal step of removing the first substrate from the

25 Dbonded structure to expose the porous layer on a second
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25 bonded structure to expose the porous |ayer on a second

- 10- substrate side thereof, and the etching step of etching

t he porous |ayer while the second substrate side on whi ch t he porous
| ayer is exposed is conpletely dipped into an etching solution, and
ultrasoni c waves are 5 supplied, thereby exposing surface of the second
substrate side, the etching step changing a position of an ultrasonic
bat h. The etching solution used in the etching step is
preferably any one of 10 (a) hydrofluoric acid, (b)
solution m xture prepared by adding at |east one of al cohol and

hydr ogen per oxsubstratieydidel utbereof, andcilit etching step(of buéhengd
hydrof l uoric acid, 15 (d) solution mxture prepared by addi ng at

| east onghef pairowisollayed Wiilegeme peraidesubstiratkeesdéde on
hydrof | uoric acid, and (e) solution mxture of hydrofluoric
acid, nitric whichaghe, p@ﬁéuacéw@ram cexpoxed is compdetedwpvdippedp

preferably conpri ses exposi ng porous | ayer. by grinding, polishing,
or etching thdnto ang ﬁt§h1§9b§9ha¥éorﬁ.r AR Wddasopirawaves are The

r enoval r ef er,ab) 0 i ses separatin the first substrate side
and t he seggn% y %gggéy exposfhg suré%ce of the second

substrate side, the etching step changing a position of
an ultrasonic bath.

The etching solution used in the etching step is
preferably any one of

10 (a) hydrofluoric acid,

(b} solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to hydrofluoric
acid,

(c) buffered hydrofluoric acid,

15 {d) solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to buffered
hydrofluoric acid, and

(e) solution mixture of hydrofluoric acid, nitric
acid, and acetic acid.

20 The removal step preferably comprises exposing the
porous layer by grinding, polishing, or etching the
first substrate from a back surface.

The removal step preferably comprises separating
the first substrate side and the second substrate side

25 at a boundary of the porous layer.
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25 at a boundary of the porous |ayer. The non
porous | ayer is preferably a single-crystal silicon | ayer.

The non porous |layer is preferably made up of a si ngl e-crystal
silicon layer and a silicon oxide |ayer 5 formed on the single-crystal
silicon | ayer. The non porous |ayer is preferably a conpound

sem conduct or | ayer. The second substrate is preferably a
silicon substrate. 10 The second substrate is preferably a
silicon substrate having a silicon oxide filmforned on a surface
to be bonded to the first substrate side. The second substrate

is preferably a  Thel i@t pbkaisNayeRdi $ hdfcdadly 45single-EB{EPEL
obj ects, features and advantages of the present invention wll becone
apparent fromstin@con lafeklowi ng detail ed description of enbodi nents of the
present invention with reference to the acconpanying drawi ngs. 20
BRI EF DESCRI PTI ON @ReTHEnDRAYWNSSl ayer is prdfigrably madepepspEcai ve view
showi ng the schenmatic construction of a wafer processing apparatus
accordi ng single-crystal silicon layer and a silicon oxide layer
5 formed on the single-crystal silicon layer.
The non porous layer is preferably a compound
semiconductor layer.
The second substrate is preferably a silicon
substrate.
10 The second substrate is preferably a silicon
substrate having a silicon oxide film formed on a
surface to be bonded to the first substrate side.
The second substrate is preferably a
light-transmitting substrate.
15 Further objects, features and advantages of the
present invention will become apparent from the

following detailed description of embodiments of the

present invention with reference to the accompanying

drawings.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view showing the schematic
construction of a wafer processing apparatus according
to the first embodiment of the present invention:;
25 Fig. 2 is a sectional view of the wafer processing
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to the first enbodi nent of the present invention; 25 Fig. 2is a
sectional view of the wafer processing

-12- apparatus shown in Fig. 1; Fig. 3 is a perspective
vi ew showi ng an exanpl e of the construction of a wafer rotating

menber ; Figs. 4A and 4B are views, respectively, show ng 5 the
novenment of a wafer when the wafer rotating nenber Is rotated in a
lifting direction; Figs. 5A and 5B are views, respectively,

showi ng t he novenent of a wafer having an orientation flat;

Figs. 6A and 6B are sectional views, respectively, 10 show ng another
exanpl e of thappanatuscshown ofn aFimpf dr; rotating rod, Fi gs.
7A and 7B are sectional views, respectively, showi ng still another
exanpl e of the conftigucBi ba afpehspectivaafiew sboatingganodramgbe of Fi gs.
8A to 8C are views each show ng an exanpl e of t he shape of the section
of the wafer tbeafPagtregtion of a wafem gotatingamepeershowi ng a nechani sm

for transmtting a driving torque generated by a notor_ to, the -
rotating shaft of ERESwafBrandt4Bie Mk, respecidvely, shp@ing10A to 10F

o e e EREC v ohtie 0% Whga il SBSNe SERLS AR
EVMBCDI MENTS is rotated in a lifting direction;
Figs. 5A and 5B are views, respectively, showing
the movement of a wafer having an orientation flat;
Figs. 6A and 6B are sectional views, respectively,
10 showing another example of the construction of a wafer
rotating rod;

Figs. 7A and 7B are sectional views, respectively,
showing still another example of the construction of the
wafer rotating rod;

15 Figs. 8A to 8C are views each showing an example of
the shape of the section of the wafer rotating rod;

Fig. 9 is a view showing a mechanism for
transmitting a driving torque generated by a motor to
the rotating shaft of the wafer rotating member; and

20 Figs. 10A to 10F are views, respectively, showing

the method of fabricating a semiconductor wafer.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will

25 Dbe described in detail below with reference to the
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Preferred enbodi nents of the present invention will 25 be described in

detail below with reference to the
- 13- acconpanyi ng draw ngs. [ Fi rst Enmbodi nent]

Fi g.

1 is a perspective view show ng the schematic construction of a wafer
processi ng appar atus accordi ng 5 to the first enbodi nent of the present

I nvention. Fig. 2 Is a sectional view of the wafer processing

appar at us shown in Fig. 1. In a waf er processi ng appar at us
100 according to thi s enbodi nment, portions which nay cone into contact

10 with a processing solution are preferably nmade from

quartz or

pl astic i n aceccdmpsryinghdréreings ended use. Pref erabl e exanpl es of
the plastic are a fluorine resin, vinyl chloride, polyethylene,

pol ypr opyl ene [First Bubodimgnthet er epht hal ate (PBT), and 15

pol yet her et herketone (PEEK). Preferable exanples of the

fluorine

resin are PVDF, PFEKiJand PFFE perspective Thjiey \showing, shessrhamabbar at us

100 has a wafer rocessing bath 10, an ,overfl ow bath 20,
ReFOPRt SRR RRACEsSINg SHPaFBFUS 2ECH

bath 30, and SORSFERCFLPALP

%gn ul trasonic
H9ng wafers

00 et i athSRRCEEER BT S AFTE BRGRRRL PAVBRLEY o, 2

is a sectional view of the wafer processing apparatus

shown in Fig. 1.

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 of the plastic are 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 10, an overflow bath 20, an ultrasonic

bath 30, and a wafer rotating mechanism (52 to 59) for

20 rotating wafers 40.

To process wafers, the wafer processing bath 10 is

filled with a processing solution (e.g., an etching

solution or a cleaning solution). The overflow bath 20

for temporarily storing any processing solution

25 overflowing from the wafer processing bath 10 is
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solution or a cleaning solution). The overflow bath 20 for temporarily
storing any processing solution 25 overflowing fromthe wafer processing

bath 10 is -14- provi ded
around the upper portion of the wafer processi ng bath 10. The
processing solution tenporarily stored in the overflow bath 20 is

di scharged fromthe bottom portion of the overflow bath 20 to a

ci rcul at or 5 21 through a discharge pipe 2la. The circulator 21

removes particles by filtering the discharged processing sol ution and
supplies the processing solution to the bottom portion of the wafer

processi ng bapho¥@delr angtind the uspdplportipn dtbtheonseguently, particles
in the wafer 10 processing bath 10 are efficiently renoved.

The waf er propessesgihgtbatth blist They pracdspihgbyolutiomhiepddzaringf ers 40
are conpl etely dipped. This prevents particles fromattaching to the
wafers 40 at shered ini therbwesfbew i (2% igr ddesbangedof nomothand anbi ent
15 atnosphere, and nakes processing for the wafers 40 uni form
Wien waf ers ab@tﬁp@c§§§§§06y0§dh¢@eﬂ?ﬁ%ﬁlmwpbﬁﬁé 20 tot perireebatdmre
processi ng solution, and particles attach to the wafers in the
proceSS|ng5so?&tFBﬁougheapg%??Q§¥ﬁﬁ pipe s IyT?%t€#¥FW¥ﬂ§9§I%§ proceSS|ng
solution. Howeve % ég{ts of ers.are d|$ ed into ¢
rocessing | TeNGTRE PRRLIGLT AT Lo LRRTN 1oL B1ERBaHEPR BroFe RS
solution and supplies the processing solution to the
bottom portion of the wafer processing bath 10 through a
supply pipe 21b. Consequently, particles in the wafer
10 processing bath 10 are efficiently removed.
The wafer processing bath 10 must have a depth by
which the wafers 40 are completely dipped. This prevents
particles from attaching to the wafers 40 at the
interface between the processing solution and ambient
15 atmosphere, and makes processing for the wafers 40
uniform.
When wafers are processed by completely dipping
them into the processing solution, and particles attach
to the wafers in the processing solution, the particles
20 easily return into the processing solution. However, if
only parts of wafers are dipped into the processing
solution, particles attaching to the wafers at the
interface between the processing solution and ambient

atmosphere are hardly removed from the wafers, and

25 exposed to ambient atmosphere while attaching to the
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I nterface between the processing solution and anbi ent at nosphere are
hardly renoved fromthe wafers, and 25 exposed to anbi ent atnosphere
while attaching to the - 15-

waf ers. Particles thus attaching to wafers are scarcely removed from

t he wafers even by dipping the attached portions of the wafers into

t he processing sol ution again. Particularly, when the wafer surface is
5 hydrophobic (e.g., a silicon wafer not having any silicon oxide
film, particles conpletely attach to the waf er surface and becone
nore difficult to renove because the wafer surface is exposed to a dry
at nosphere. wafers. PaetidliosathinisC ababbh3fgi Bo ard enge hielsnardeg ywaf er

10 processing bath 10. An ultrasonic source 31 is supported by an

adj usti ng nechenbsad3fromsthile wafend tevesobiyc dhaphng the 38ttddhed adj ust i ng
mechani sm 32 i ncl udes a nechani sm for adjusting the vertical position
of the ultrasprrtionarceg the waflermdrdodbieapronessingdiebutivnt he

hori zontal position 15 of the ultrasonic source 31, as mechanisns for

adj usting agahB - r Fagti@ilsgdivei whgn Fbﬁaw%%rﬁlbr%t%@ t he

ul trasonic_source 31 apd the wafer processi bath 10 . (wafers 40). By
this nechéﬁlsﬁy GPPRERYSI ew&veéiﬁﬂ- on Wa%ngBPFeBaY%PQr%P%afer

processing bathyH0enTBefue 2P BAECIL SALK, Loubiz,uel oo 0 can be,
wafer surface and become more difficult to remowve
because the wafer surface is exposed to a dry atmosphere.
The ultrasonic bath 30 is arranged below the wafer
10 processing bath 10. An ultrasonic source 31 is supported
by an adjusting mechanism 32 inside the ultrasonic bath
30. This adjusting mechanism 32 includes a mechanism for
adjusting the wvertical position of the ultrasonic source
31 and a mechanism for adjusting the horizontal position
15 of the ultrasonic source 31, as mechanisms for adjusting
the relative positional relationship between the
ultrasonic source 31 and the wafer processing bath 10
(wafers 40). By this mechanism, ultrasonic waves to be
supplied to the wafer processing bath 10, more
20 specifically, to the wafers 40 can be optimized. The
ultrasonic source 31 preferably has a function of
adjusting the frequency or strength of ultrasonic waves
to be generated. This further optimizes the supply of
ultrasonic waves.

25 Since the apparatus thus has the mechanism for
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adjusting the frequency or strength of ultrasonic waves to be
generated. This further optim zes the supply of ul trasoni c waves. 25
Since the apparatus thus has the nechani smfor

- 16- optim zing the supply of ultrasonic waves to the wafers

40, various types of wafers can be processed. Sw nging the ultrasonic
source 31 by the adjusting nmechani sm 32 while the wafers 40 are
processed can make processing 5 for the wafers 40 uniform Changing the
frequency of ultrasonic waves while the wafers 40 are processed can’
al so make processing for the wafers 40 uniform The ul trasonic
bath 30 is fibptidmizihgabhelsupplgniaf ultraspansnwavesgtoedhe wafens ,

water), and this ultrasonic 10 transmitting nediumtransmts ul t r asoni c
waves to the 40, vanieuspevieessthgrafsns tan be processedhe Swihging40 are
held to be nearly perpendicul ar to the bottomsurface of the wafer
processi ng bthelg gyasonlcagquﬁqg Holkye the1 adTHet iRg dreFhAMm A2 | s

det achabl e rocessin bath 10. The wafer hol der 41

i s suitabl y a¥ EE&& é2‘2% et e“S@n‘?r &Y §€8‘ CFRSNEE PTOCESSIG der 41 | s
N LRy W RO 0 BRI 0
rotating nenb%itggsggicrﬁgégéruhffgaﬁﬁg‘wg%ers 40 are processed can
also make processing for the wafers 40 uniform.
The ultrasonic bath 30 is filled with an ultrasonic
transmitting medium (e.g., water), and this ultrasonic
10 transmitting medium transmits ultrasonic waves to the
wafer processing bath 10.
The wafers 40 are held to be nearly perpendicular
to the bottom surface of the wafer processing bath 10 by
a wafer holder 41. The wafer holder 41 is detachable
15 from the wafer processing bath 10. The wafer holder 41
is suitably a carrier cassette generally used. The wafer
holder 41 is set at a predetermined position by
positioning members 42 fixed to the bottom surface of
the wafer processing bath 10.
20 A wafer rotating member 50 for rotating the wafers
40 while vertically moving them is arranged below the
wafers 40. Fig. 3 is a perspective view showing an
example of the construction of the wafer rotating member
50.

25 In the wafer rotating member 50, two wafer rotating

asBamRTimxd
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40 while vertically noving themis arranged bel ow the wafers 40. Fig.

3 is a perspective view show ng an exanpl e of the construction of the
waf er rotating nenber 50. 25 In the wafer rotating nmenber 50,
two wafer rotating -17- r ods
53 arranged substantially parallel to each other are coupl ed through
connecting rods 54, and a rotating shaft 52 is coupled to al nbst the
center of one connecting rod 54. The wafer rotating nenber 50 is 5
pivotally supported at the rotating shaft 52 by a shaft support
portion 11. Naise sBhakrangelesubstatit efl Ishafaraidgl to epehaptheged on the
side opposite to the rotating shaft 52. The di aneter of the
waf er rotatifi@ @piddi shgetgh lGommettsvnldagds S¥anapdeadrakdtErdof a
cylinder virtually formed upon rotation of the wafer rotating rods 53.
Wth t himm et iy, cobpledabemlmosin t&r iqandsEy °5f ©8Sr ot at i ng

torque and ultrasonic waves to the wafers 40 ¢an be i ncreased. 15

St andi ng wavemnscténg Wogh54andheiadiete FQEAtINg MEPPeT O?Ié of ultrasonic
waves are usually formed between the hotto rf.ace. o fer
processi g IRitipted lah@upportefeal He FRA % S té?sg%a%e%ﬂgFﬁgessing
appar at us 100, however, _pr ssi far . qmgyde 20
uni f or m beca&HERPAe RMFFEPS Zé‘aﬁg&i‘%tt Y a\%;ft %r\gglgﬁéﬁlﬁlg sRAe

be arranged on the side opposite to the rotating shaft

52.

The diameter of the wafer rotating rod 53 is set

10 much smaller than the diameter of a cylinder virtually
formed upon rotation of the wafer rotating rods 53. With
this setting, the transmission efficiency of a rotating
torque and ultrasonic waves to the wafers 40 can be
increased.

15 Standing waves, i.e., high- and low-strength
portions of ultrasonic waves are usually formed between
the bottom surface of the wafer processing bath 10 and
the liquid surface. In this wafer processing apparatus
100, however, processing for the wafers 40 can be made

20 uniform because the wafers 40 are rotated while being
vertically moved by rotation of the wafer rotating
member 50.

Since the wafer rotating member 50 has the minimum
member which interrupts the transmission of ultrasonic

25 waves between the bottom surface of the wafer processing
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vertically noved by rotation of the wafer rotating menber 50.

Since the wafer rotating nenber 50 has the m ni num menber whi ch
interrupts the transm ssion of ultrasonic 25 waves between the bottom
surface of the wafer processing bath 10 and the wafers
40, the transm ssion efficiency of ultrasonic waves to the wafers 40
can be greatly I ncreased. The wafer rotating nenber 50 al so has a
function of agitating the processing solution. This 5 agitation al so
makes processing for the wafers 40 uni form The waf er
rotating rod 53 preferably has a shape that allows an increase in
frictional forkathwidh and the wedmrs #0i othentransmdissiorhefifitéencs#0, in
order to 10 prevent the wafers 40 and the wafer rotating rod 53 from

sl i ppi ng upon @HpIiinaeanicr ¥eyesctraths. wafers 40 carpbgs grgAtdNd 6B are
sectional views, respectively, show ng anot her._exanpl e of the
construction ofRGURaSRg-er The” waier 4Fotating member, 20,448 P8fating rod 53
has many 15 %Ls aped ooves, h3a ip a saw formwhich .engage with the
wafers 40. By FEITHIRD (He AHEAEBIoFiE NREGER TN SHITIOR Thif 53 i nt o
such a shape as_t.0.pinch.the wafers 40, a. sl.i,p. between ,t.he wafers 40
and t he wafer Ef%%tﬁqnﬁ?dl F&(’TOS?%% pEﬁﬁéf)%l%%p%?rest S W&%E Saébl yi ng

ul trasoni c Wav&S: £oprm. :

The wafer rotating rod 53 preferably has a shape
that allows an increase in frictional force when it
comes into contact with the wafers 40, in order to

10 prevent the wafers 40 and the wafer rotating rod 53 from
slipping upon applying ultrasonic waves.

Figs. 6A and 6B are sectional views, respectively,
showing another example of the construction of the wafer
rotating rod 53. The wafer rotating rod 53 has many

15 V-shaped grooves 53a in a saw form which engage with the
wafers 40. By forming the surface of the wafer rotating
rod 53 into such a shape as to pinch the wafers 40, a
slip between the wafers 40 and the wafer rotating rod 53
can be suppressed upon applying ultrasonic waves.

20 Figs. 7A and 7B are sectional wviews, respectively,
showing still another example of the construction of the
wafer rotating rod 53. The section of this wafer
rotating rod 53 has a sine-wave shape. The wafer

rotating rod 53 can come into substantially surface

25 contact with the peripheral portions of the wafers 40,
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20 . Figs. 7A and 7B are sectional views, respectively, show ng

still another exanple of the construction of the wafer rotating rod
53. The section of this wafer rotating rod 53 has a sine-wave shape.
The waf er rotating rod 53 can conme into substantially surface 25
contact with the peripheral portions of the wafers 40,

-19- and can pinch the wafers 40. Therefore, a slip between

the wafers 40 and the wafer rotating rod 53 is nore effectively
suppressed upon applying ultrasoni c waves. Further, since this

wafer rotating rod 53 does not 5 have any acute-angl ed portlon unl i ke
t he wafer rota@ndhgan pincbdtbe wabensi 40 Fi Fherefionad 8Bsliarbétowesn produced

upon contact with the wafers 40 can be reduced. This effect can
al so be achi eldg M?fﬁéﬁnﬁﬁgagﬁobb@swéiﬁlvﬁqqﬁting rods §B| igamereecti fyi ng
shape. 10 gs. .8A, 8B, and 8C are views each show, ng an

exanpl e of th@@ﬁ%ﬁ&é“@ﬂytﬁépgéﬁ§?%ﬂ $OR RPRIaHE UltraFBPéﬁlﬂﬁv?%d 53. The
t f th f t at d h h F
oxampl 6, i 5 Seeti L A ¥ Ff%vshascw %#Zé‘ogaﬁé%@%b‘;ﬁ% SFR BPG. 8A an
11 pt 5 Fi
S0P 30 R Ut oo Bt B TR B ing FLY
preferably shiffedsf | a@wﬁ RASFLLEN GATEM ¥ bartic1BE! BrobliBeRAYEEN! o7 Of

the wafers 40 toward the Si
contact with the wafers 40 can be reduced. This effect

can also be achieved by forming grooves 53c with a
full-wave rectifying shape.

10 Figs. 83, 8B, and 8C are views each showing an
example of the shape of the seétion of the wafer
rotating rod 53. The section of the wafer rotating rod
53 can have various shapes. For example, its section may
have a circular shape as shown in Fig. 8A, an elliptic

15 shape as shown in Fig. 8B, or a shape as shown in
Fig. 8C.

The rotating shaft 52 of the wafer rotating member
50 is preferably shifted from a position immediately
below the barycenter of the wafers 40 toward the side

20 wall of the wafer holder 41 (x-axis direction).

Although the rotational direction of the wafex
rotating rods 53 is not particularly limited, it is
preferably a direction to 1lift the wafers 40 by the
wafer rotating rod 53 closer to a position immediately

25 Dbelow the barycenter of the wafers 40 {(to be referred to
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20 wall of the wafer holder 41 (x-axis direction). Al t hough the
rotational direction of the wafer rotating rods 53 is not particularly
limted, it is preferably a direction to lift the wafers 40 by the
wafer rotating rod 53 closer to a position imediately 25 belowthe
barycenter of the wafers 40 (to be referred to

- 20- as the lifting direction hereinafter), as shown in Fig.

2. This is because, if the wafer rotating rods 53 are rotated in the
lifting direction, a force acts on the wafers 40 substantially )
vertically, and hence 5 friction between the wafers 40 and the side wall
of the wed € rttw | ldefit i4ly bideentdonnbétreinafter), as Ehgsm 4A and 4B are
vi ews, respectively, show ng t he novenent of the wafer 40 upon

rotating the vidfer 2. Thiet asi hgcaesderibthen walfer] rbtahigndi redsi 53. A
direction 10 A shows the lifting direction, and a direction B shows

t he rotati onalaxg reahdted dn the wWafeingodimetiggiecra Jprce actstanes in the
direction B fromthe state in Fig. 4A whi | e being substantially
vertical ly |ifihal vfanfe dfasepstantiadlyt venticrl iy emdahenge i mediatel y
bel ow the _15 barycenter of the wafer 40. The wafer 40ep%%§es t hr ough

the state ShowFiSHiny between,heepafrEst 4l 13pd dhg s1d ho®h FReFig. 4A

after the wafer_rotati.ng rods,53 rotate t hrough 180[err]. Accordingly,
the wafer 40 r"b‘?éﬁ%}%ﬂ%re% becomes “small.

Figs. 4A and 4B are views, respectively, showing
the movement of the wafer 40 upon rotating the wafer
rotating member 50 in the lifting direction. A direction

10 A shows the lifting direction, and a direction B shows
the rotational direction of the wafer 40. The wafer 40
rotates in the direction B from the state in Fig. 4A
while being substantially vertically lifted by the wafer
rotating rod 53 on a side immediately below the

15 Dbarycenter of the wafer 40. The wafer 40 passes through
the state shown in Fig. 4B, and returns to the state
shown in Fig. 4A after the wafer rotating rods 53 rotate
through 180°. Accordingly, the wafer 40 rotates while
swinging vertically.

20 Since the wafer rotating member 50 rotates so as to
virtually form a cylinder by the two wafer rotating rods
53, it can properly transmit a rotating force to even a
wafer having an orientation flat. Figs. 5A and 5B are
views, respectiwvely, showing the movement of a wafer 40

25 having an orientation flat.

lmm}hsBﬁmeimwd
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sSwi nging vertically. 20 Since the wafer rotating nenber 50 rotates

so as to virtually forma cylinder by the two wafer rotating rods

53, it can properly transmt a rotating force to even a waf er havi ng
an orientation flat. Figs. 5A and 5B are vi ews, respectively, show ng
t he novenent of a wafer 40 25 having an orientation flat.

-21- Not to interrupt the transm ssion of ultrasonic

waves while the wafer 40 is efficiently rotated and vertically noved,
t he nunber of wafer rotating rods 53 is preferably two, as descri bed
above. However, the 5 nunber of wafer rotating rods 53 may be one. Also
in t hi s case Nathéowdh&erd0pt abhd et rarisatiess iamd ofeufliicakbyic nmoved.
As far as the interruption of the transm ssion of ul trasoni ¢ waves
can be al | one@avielse whidBekhof wabeerd0 is effjcdenidyr satatednagdbe three or
nore (for exanple, they 10 are cylindrically laid out). Fig. 9

i s a view shoWeF§igagdynmavss f e nunbey ofs waferngosabing reds obue

generated by a notor. 59 &o the rotatin haft 52 of the wafer rotating
nmenber 50. 13 PRELELARINgtYSr iR ‘Efe?f‘e‘{—‘;l Vehe HO¥OFeR0 the 15 .

t 1 tt t ) ' k 58 ti ds 57. On
end of theocr SHPEES B¢ BRGHFGHOTL T 1008 o R0 G Gy A d e (o it

thereon, wher 435l Bese, tn@!Ygke£"b | SarP B LHtkYAURRA" bEf: Pdata pearing 56.

moved. As far as the interruption of the transmission of
ultrasonic waves can be allowed, the number of wafer
rotating rods 53 may be three or more (for example, they
10 are cylindrically laid out).
Fig. 9 is a view showing a mechanism for
transmitting a driving torque generated by a motor 59 to
the rotating shaft 52 of the wafer rotating member 50.
The driving torque generated by the motor 59 is
15 transmitted to a crank 55 via a crank 58 and connecting
rods 57. One end of the crank 55 is coupled to the
rotating shaft 52 so as to fit thereon, whereas the
other end is pivotally supported by a bearing 58. The
rotating shaft 52 is pivotally supported by a bearing
20 portion 1la formed in the shaft support portion 11, and
rotates upon reception of the driving torque transmitted
through the crank 55.
The wafer rotating mechanism is not limited to the
above construction, and suffices only to rotate the

25 rotating shaft 52. For example, a bevel gear, a belt, or

S 1]



rotating shaft 52 is pivotally supported by a bearing 20 portion 1la

formed in the shaft support portion 11, and rotates upon reception of
the driving torque transmtted t hrough the crank 55. The
waf er rotating nmechanismis not limted to the above construction, and
suffices only to rotate the 25 rotating shaft 52. For exanple, a bevel
gear, a belt, or -22- the like
can replace the crank nmechanismin order to transmt a driving torque
generated by the nmotor 59 to the rotating shaft 52. In this

enbodi nent, the shaft support portion 11 5 defines the wafer 40 side and
t he crank 55 shdelikeocdsrreplacd otlpr evmmk pechaoliss pnoododed thy friction
bet ween t he crank 55 and the connecting rod 57 and friction between
the crank 55 #&mensmétbaadrhgims forgud Igsnergted biethe mobwf 659 4 si de. 10
To nore conpletely prevent particles fromflow ng to the wafer 40
side, the shafthesgppatingofhadh 32- is preferably extended to (or

hi gher than) the U%Rer end of _, t he maferfprocessing bath 10 to divide
the interior of théswarerdirentes they @tk sUPPAEL PRBtEeRtkl 15

vl BT Ll Sh R BRUCedr O [N LA PR founy oo Blal BN Syl et e
at the bearin%o prevent particles produced by friction between the

crank 55 and the connecting rod 57 and friction between

the crank 55 and the bearing 58 from flowing to the

wafer 40 side.

10 To more completely prevent particles from flowing
to the wafer 40 side, the shaft support portion 11 is
preferably extended to {or higher than) the upper end of
the wafer processing bath 10 to divide the interior of
the wafer processing bath 10 into two parts.

15 However, particles produced on the crank 55 side
may flow to the wafer 40 side through the bearing
portion 1la, or particles may be produced at the beariné
portion lla.

For this reason, the wafer processing apparatus 100

20 circulates the processing solution upward from the
bottom portion of the wafer processing bath 10 by
arranging supply ports 21lc for supplying the processing
solution to the wafer processing bath 10, near the
bottom portion of the wafer processing bath 10. Further,

25 Dby arranging many supply ports 21c on the wafer 40 side;
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portion 1la. For this reason, the wafer processing apparatus 100
20 circulates the processing solution upward fromthe bottom portion
of the wafer processing bath 10 by arrangi ng supply ports 21c for
suppl ying the processing solution to the wafer processing bath 10,
near the bottom portion of the wafer processing bath 10. Further, 25
by arrangi ng many supply ports 21c on the wafer 40 side,

-23- t he waf er processing apparatus 100 adjusts the flow ng
direction of the processing solution so as to prevent t he processing
solution on the crank 55 side from flow ng to the wafer 40 side.
Accordingly, ddwt awfeq pyrcessing appariws sLUD agjussst tbeeflpwinaced on

the crank 55 si.de can be reduced, The waf er processing
appar at us 100 Haiechien ofplse proceﬁmg,et;ow 56r aﬁr §9el§¥f3‘ﬁ§nt

contam nati on the wafers b For it is ‘
suitable to adj ?ﬁgprOﬁgssgﬁg HPAHE%%? %nggt ﬁ; ﬁ&?ﬁ ng [ Second
Enbodi ment ] econd_enpodj pent _wi | | lify a wafer.

processi ng nefqﬁﬂY%EﬁoﬁP'%Betﬁg ﬁéfgg eséFﬁﬁrdlng pp%%éﬁ?ﬂ??ﬁﬁﬁ&?ﬂlng to

the first gmbog RN 430034018 ﬁgﬂc%&{%@%@% LLakRe! aRLhgakson method

I ncl udi ng proce e process.

Figs. 10Ato %Qﬁkg@%nyb%w§edﬁ@§3gctiver, showi ng

The wafer processing apparatus 100 can also employ
another means for preventing contamination of the wafers
40 by particles. For example, it is suitable to adjust

10 the diameter of each supply port 21c.
[Second Embodiment)

The second embodiment will exemplify a wafer
processing method adopting the wafer processing
apparatus according to the first embodiment, and a

15 semiconductor substrate fabrication method including
this wafer processing method as part of the process.

Figs. 10A to 10F are views, respectively, showing
the method of fabricating a semiconductor wafer. Roughly
speaking, in this fabrication method, the first

20 substrate is prepared by forming a porous silicon layer
on a single-crystal silicon substrate, forming a non
porous layer on the porous silicon layer, and preferably
forming an insulating film on the non porous layer. The
first structure and a second substrate prepared

25 separately are so bonded as to sandwich the insulating
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t he met hod of fabricating a sem conductor wafer. Roughly speaking, in
this fabrication nethod, the first 20 substrate is prepared by formng a
porous silicon |ayer on a single-crystal silicon substrate, formng a
non porous | ayer on the porous silicon |ayer, and preferably

formng an insulating filmon the non porous |ayer. The first
structure and a second substrate prepared 25 separately are so bonded as
to sandw ch the insulating - 24-
filmbetween them After that, the single-crystal silicon substrate
I's renoved fromthe back surface of the first substrate, and the
porous silicofillaybetiween themet A ¢higbr that eingbentxysthict or
substrate. 5 The net hod of fabricating a sem conductor substrate
wi || be descrisiddceor gubatrabel bw yemevedkifgoanddet back surfgee abHA to 10F.
A single-crystal Si, substrate 501 for formng the first substrate is

pr epar ed, andt§ep596§§ SPbFE§%?350§deRPe|R9rPH§n§&léﬁ°Fh%a¥%§o%ssurface of
e SLn0l oo KitAbySo, cabsPHREA 8" Frpithutidon Sihpehsh™ot, e, oo
0y bl cqeram! el pRiRCOBEPPLAMECARHEL PRl rBuctor, SUBSHERY
gugﬁ”gound Se;§NAUCHBEcribed | BY et AN b%l%%%%ﬂ“%%&?én&é‘y% An el ement
Figs. 10A to 10F.
A single-crystal Si substrate 501 for forming the
first substrate is prepared, and a porous Si layer 502
10 is formed on the major surface of the single-crystal Si
sﬁbstrate 501 {(Fig. 10A). At least one non porous layer
503 is formed on the porous Si layer 502 (Fig. 10B).
Preferable examples of the non porous layer 503 are a
single-crystal Si layer, a poly-Si layer, an amorphous
15 Si layer, a metal film layer, a compound semiconductor
layer, and a superconductor layer. An element such as
MOSFET nay be formed on the non porous layer 503.
An SiO, layer 504 is preferably formed as another
non porous layer on the non porous layer 503, and used
20 as the first substrate (Fig. 10C}. The SiO, layer 504 is
useful because, when the first substrate and a second
substrate 505 are bonded in the subsequent step, the

interface energy at the bonded interface can be removed

from an active layer.

25 The first substrate and the second substrate 505
Sheet Has Been Replaced
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MOSFET may be formed on the non porous |ayer 503. An Si Q2 | ayer
504 is preferably fornmed as anot her non porous | ayer on the non porous
| ayer 503, and used 20 as the first substrate (Fig. 10C). The Sierr]

| ayer 504 is useful because, when the first substrate and a second
substrate 505 are bonded in the subsequent step, the I nterface energy
at the bonded interface can be renoved froman active layer. 25

The first substrate and the second substrate 505

- 25- are tightly bonded at roomtenperature so as to sandw ch

the SiQ2 |ayer 504 between them (Fig. 10D). This bondi ng may be

st rengt hened lyep&itbtiivngondedi at oo rigmperatupeeseuaszhei sandwickheat
treatnment, as needed, or a _5 conbination of them Wen a

si ngl e- cryst althsi Sifyelayer fiftdrdetaeephébgmn (Fig. poPbus Thdpebosddngt he
first substrate is preferably bonded to the second substrate 505 after
the Sigerr] FEVéPe Streggﬁh?%e¢dPYmRFQﬁPqﬂ%?QSGppgéé BendkRIsi ngl e- cryst al

Si 10 | ayer t herpal , oxi di zatjon or t Pref erabl e
exanpl es gf tpée§§85ﬁaa§ﬁﬁgtr%féh%ﬁ%'Eﬁ l%ment'aﬁsspegﬁﬁgtr%¥e a substrate

having an SiJerr]. er f on an Si substrate, a
light-tran n?%99h5n§§§8Pr8¥e %ﬁ%h as a quartz substrate or the |ike,
TR, bW MERITE ISR el Shonal! el fofe @
porous layer 503, the first substrate is preferably
bonded to the second substrate 505 after the Si0O, layer
504 is formed on the surface of the single-crystal Si
10 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
on an Si substrate, a light-transmitting substrate such
as a quartz substrate or the like, and a sapphire

15 substrate. The second substrate 505 suffices to have a
flat surface to be bonded, and may be another type of
substrate.

Fig. 10D shows the bonded state of the first and
second substrates via the SiO, layer 504. The SiO, layer

20 504 need not be formed when the non porous layer 503 or
the second substrate is not Si.

In bonding, a thin insulating plate may be inserted
between the first and second substrates.

The first substrate is removed from the second

25 substrate at the boundary of the porous Si layer 502
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substrate. Fig. 10D shows the bonded state of the first and
second substrates via the SiJerr] |layer 504. The SiJerr] layer 20 504

need not be forned when the non porous |ayer 503 or t he second
substrate is not Si. In bonding, a thin insulating plate may be
i nserted between the first and second substrates. The first
substrate is renoved fromthe second 25 substrate at the boundary of the
porous Si |ayer 502 - 26-

(Fig. 10E). The renoval method includes the first nethod (of

di scarding the first substrate) using grinding, pol i shing, etching,

or the like, 4§FRilgth#0Bpcormthareehodal methofl dmphrdds rhe Hd dsitr siethod second
substrates at the 5 boundary of the porous |ayer 502. In the second

met hod, b€ discardimgtithe fimat sebsteptetdubing egwindigaqyor ous Si
left on the separated first substrate, and pl anari zing the surface of
the first subBplashings etchingens thejdike, andghbheopesen imethnsk 502 is

sel ectively etched and renpved (Fig. 10F).. The wafer processing

appar atus 100°F SepREa&ing e figrst g éFEHPﬁgSU%%E%t?%%t v%eer
b o noaBESEHE L S M B A ron B
etching SO|Ut£Re %1rs€0¥uggkrate can be recycled by removing porous
Si left on the separated first substrate, and
planarizing the surface of the first substrate, as
needed.
10 The porous Si layer 502 is selectively etched and
removed (Fig. 10F). The wafer processing apparatus 100
is suitable for this etching. Since this wafer
processing apparatus supplies ultrasonic waves while
completely dipping a wafer (in this case, the wafer
15 shown in Fig. 10E) into an etching solution and moving
(e.g., rotating or vertically moving) it, the wafer is
hardly contaminated by particles, and the etching is
made uniform. According to this wafer processing
apparatus, the etching time is shortened, and the
20 etching selectivity between the non porous layer 503 and
the porous layer 504 increases. The etching time is
shortened because etching is promoted by ﬁltrasonic
waves, and the etching selectivity increases because the
promotion of etching by ultrasonic waves is more

25 remarkable on the porous layer 504 than on the non
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(e.g., rotating or vertically noving) it, the wafer is hardly

contam nated by particles, and the etching is made uni form According
to this wafer processing apparatus, the etching tine is shortened,
and the 20 etching selectivity between the non porous |ayer 503 and _
t he porous | ayer 504 increases. The etching tinme is shortened because
etching is pronoted by ultrasonic waves, and the etching selectivity

i ncreases because the pronotion of etching by ultrasonic waves is nore
25 remarkabl e on the porous | ayer 504 than on the non

-27- porous | ayer 503. When the non porous layer 503 is
si ngl e-cryst alp&qus layerhé&030l | owi ng etching solutions are suited in

addi tion to a general etching solution for Si. 5 (a)
hydrofluoric acid When the norpporoust Lapeni X83rks miomhedtystaddiSig at

| east one of al cohol and hydrogen EerOX|de to hydrofluoric acid
(c) buffered HyRE Feldawingetghing solu 1019%)a1§€e)|smt@ﬁi dx edddtppapar ed by
addi ng at | east one of al ¢cohol and, h en peroxide to buffered
hydrof | uoric &% @ general et ?gséPﬁPFbﬂX Qéhﬁ%a of hydrofluoric acid,
nitric acid, a ce aci 15 Usi ng these etching solutlons,

t he poroussl ayer 50;% ah érofluorlc acid

(b} solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to hydrofluoric
acid

{c) buffered hydrofluoric acid

10 (d) solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to buffered
hydrofluoric acid

(e} solution mixture of hydrofluoric acid, nitric
acid, and acetic acid

15 Using these etching solutions, the porous layer 502
can be selectively etched to leave the underlying non
porous layer 503 {single-crystal Si). The porous layer
502 is readily selectively etched by these etching
solutions because porous Si has an enormous surface area

20 and hence etching of the porous Si progresses at a very
high speed in comparison with the non porous Si layer.

Fig. 10E schematically shows a semiconductor
substrate obtained by the above fabrication method.
According to this fabrication method, the flat non

25 porous layer 503 (e.g., single-crystal Si layer) is
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can be selectively etched to | eave the underlying non porous | ayer 503
(single-crystal Si). The porous |ayer 502 is readily selectively
etched by these etching sol uti ons because porous Si has an enor nous
surface area 20 and hence etching of the porous Si progresses at a very
hi gh speed in conparison with the non porous Si |ayer. Fig. 10E
schematically shows a sem conduct or substrate obtained by the above
fabrication method. According to this fabrication nethod, the flat non
25 porous layer 503 (e.g., single-crystal Si layer) is

- 28- uniformy formed on the entire surface of the second

substrate 505uniformly foppedexanihte eritfinen surfakat pAgtbebsecenad is

enpl oyed as the second substrate 505, the sem conductor substrate 5
obt ai ned by t BEbgbsatef aBPi cati on nethod is effectively used to form

I nsul ated el ectronic el enents. | ) Exanpl es_of the wafer processing
performed by the FOr GEPBPLBr obEsaR PSP SUPsErahe Lfie ¥efduct or

vef o [abr) Call ool Aad LA {8 BLCR8R0e oA e BRLS T, L1
oL o B LSRRy PR SRR recapien HABERR ME e RbelBLC ot
of used to form insulated electronic elements.

Examples of the wafer processing performed by the
wafer processing apparatus 100 and the semiconductor
wafer fabrication method including the wafer processing

10 as part of the process will be described below.
[Example 1]

This example is directed to cleaning processing.

Wafers were set in the wafer processing bath 10
filled with ultrapure water, and ultrasonic waves of

15 about 1 MHz were applied to clean the wafers while the
wafers were rotated. By this cleaning, "90% or more of
particles on the wafer surfaces were removed. Also, this
removal of particles was done uniformly on the wafer
surface.

20 [Example 2]

This example concerns cleaning processing using a
solution mixture of ammonia, hydrogen peroxide, and
ultrapure water. Cleaning using this solution mixture is

suited to particle removal from the surface of a silicon

25 wafer.
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15 about 1 MHz were applied to clean the wafers while the waf ers were
rotated. By this cleaning, 90% or nore of particles on the wafer
surfaces were renoved. Also, this renoval of particles was done
uniformy on the wafer surface. 20 [Exanple 2] Thi s
exanpl e concerns cl eani ng processing using a sol ution m xture of
ammoni a, hydrogen peroxi de, and ultrapure water. C eaning using this’
solution mxture is suited to particle renoval fromthe surface of a
silicon 25 wafer. - 29-

Silicon wafers were set in the wafer processing bath 10 filled with a
sol uti on m xture ofSidmmym safers whydr sgenipetlhxiwifempdodiessapgr e wat er at
about 80[err]C. Wi le the wafers_were rotated, ultrasonic waves of
about 5 1 Meatledd iﬁﬂllﬁé‘dwﬁhcﬂeﬁﬂl‘ﬂ%’eowfélr%)?ft ﬁrr@oeuéam ng,

95% or nore of particles were renoved fromthe wafe faces. Al so,

this renmoval IR PETKEEeqdofRd ultra&nﬁﬁ(ﬂ%ﬁ%f @ﬁ FH@u&aﬁngsurface
LEcapl e 3] e, et e obA VB POLARRES Mg 0kl S Rl 2ver
oLt on X Rl RSB 5o L0 A A R AL
95% or more of particles were removed from the wafer
surfaces. Also, this removal of particles was done
uniformly on the wafer surface.
[Example 3]
10 This example pertains to etching of a silicon layer.
Silicon wafers were set in the wafer processing
bath 10 filled with a solution mixture prepared by
mixing hydrofluoric acid, nitric acid, and acetic acid
at a ratio of 1 : 200 : 200. While the wafers were
15 rotated, ultrasonic waves of about 0.5 MHz were applied
to etch the wafer surfaces for 30 sec. Consequently, the
silicon wafers were uniformly etched by about 1.0 pm.
The uniformity of the etching rate was 5% or less on
the wafer surface and between the wafers.
20 {Example 4]
This example relates to etching of an Si0O, layer.
Hydrofluoric acid is suitable for the etching of an SiO,
layer.
Wafers on which an SiO, layer was formed were set

25 in the wafer processing bath 10 filled with 1.2%

nii’liT it




15 rotated, ultrasonic waves of about 0.5 MHz were applied to etch
the wafer surfaces for 30 sec. Consequently, the silicon wafers were
uniformy etched by about 1.0 [err]m The uniformty of the etching
rate was 5% or |ess on the wafer surface and between the wafers. 20
[ Exanpl e 4] This exanple relates to etching of an SiQ2 | ayer.
Hydrofluoric acid is suitable for the etching of an Si Q2 | ayer.
Wafers on which an SiQ2 |ayer was forned were set 25 in the wafer
processing bath 10 filled with 1.2%

- 30- hydrofluoric acid. Wiile the wafers were rotated,

ul trasoni c wangaref1abput Sebd MHwhREE tBEPIAErd Qv rotated,t he SiJerr]

| ayer for 30 sec. Consequently, the SiQ2 |ayer was uniforn1y et ched
by about 4 nmultkascnifowavéy &f abdutt lte SeMibi ngreadpplbed 3% atdiess on the
waf er surface and between the wafers. [ Exanpl e 5] Thi s

exanpl e i s abthe SbOgtldwery flr 3@ Sefer r¢dfsrqieritdyer the SiOpalayer
concentrat ed phosphoric acid is suitable for the 10 etching of an Si 3N
| ayer. was updferslyretdhach kan adiosl4 4] aper Thes urndrfiesthingr efset

in the wafer processing bath 10 filled w_ th hot concentrat ed
phosphori & acthe @hrhéng heat@fwass 3d% @r less on the wafer surface

and between the wafers.
[Example 5]

This example is about to etching of an Si3N, layer.
Hot concentrated phosphoric acid is suitable for the

10 etching of an Si3N; layer.

Wafers on which an Si3Ng layer was formed were set
in the wafer processing bath 10 filled with hot |
concentrated phosphoric acid. While the wafers were
rotated, ultrasonic waves of about 0.5 MHz were applied

15 to etch the Sij;N, layer. Consequently, the SizN; layer
was uniformly etched by about 100 nm. The uniformity of
the etching rate was.iB% or less on the wafer surface
and between the wafers.

[Example 6]

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

Wafers having a porous silicon layer were set in

25 the wafer processing bath 10 filled with a solution

This Sheet Has Been Replaced

o=



r ot at ed,

Waf ers having a porous silicon layer were set in 25 the wafer processing
bath 10 filled with a solution

ultrasoni c waves of about 0.5 MHz were applied 15 to etch the

-31-

m xture of hyghethverbe ReEef NYSKQIILIRE! BYdd8geANBeroxiddl] ta@pure water.

Wiile the wafers were rotat ed,

applied to eteltrapuréheaper ouwtdilel ¢he wayers wonsesptesidd, the porous

silicon layer was uniformy etched by 5 [err]m The
etching rate wadsr3%onicl esse®nof hebout 0.88f MHzswebacepahiledetaveettch he

waf ers.

Not e that the mechani sm of etching of porous

silicon is di tbeopedous &ilBxdwagirysr.et Cahsequemtly, th) poimpls. Phys.
34, part 1, No. 2B, 842-847 (1995). . According to this reference,

porous sild cofitécencheyer was jkfommlat efchgdsbyudi Wh. pdiidtrates into the

por es of

10

15

20

25

porous silicon by a _capillary action and, etches the
uniformity of the 'etching rate was x£3% or less on the

wafer surface and between the wafers.

Note that the mechanism of etching of porous
silicon is disclosed in K. Sakaguchi et al., Jpn. J.
Appl. Phys. Vol. 34, part 1, No. 2B, 842-847 (1995).
According to this reference, porous silicon is etched
when an etching solution penetrates into the pores of
porous silicon by a capillary action and etches the
walls of the pores. BAs the walls of the pores become
thinner, these walls cannot support themselves beyond
some point. Finally, the porous layer entirely collapses
to complete the etching.

[Example 7]

This example concerns an SOI wafer fabrication
method. Figs. 10A to 10F are sectional views showing the
steps of the SOI wafer fabrication method according to
this example.

First, a single-crystal Si substrate 501 for
forming a first substrate was anodized in an HF solution
to form a porous Si layer 502 (Fig. 10A). The

as Been Replaced
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uniformty of the

Vol .

Si 3Nd | ayer. Consequently, the Si3N4 |ayer was uniformy etched by .
about 100 nm The uniformty of the etching rate was 3% or | ess on the
waf er surface and between the wafers. [ Exanpl e 6] 20 Thi s
exanpl e exenplifies to etching of a porous silicon |layer. A solution
m xture of hydrofluoric acid, hydr ogen peroxi de, and ul trapure water

" is suitable for the etching of a porous silicon |ayer.

ul trasoni ¢ waves of about 0.25 MHz were

5



wal s of the pores. As the walls of the pores become 15 thinner, these
wal | s cannot support thensel ves beyond sone point. Finally, the porous
| ayer entirely coll apses to conplete the etching. [ Exanpl e 7]

. This exanpl e concerns an SO wafer fabrication 20 method. Figs. 10A to
10F are sectional views show ng the steps of the SO wafer fabrication
nmet hod according to this exanpl e. First, a single-crystal S
substrate 501 for forming a first substrate was anodi zed in an HF
solution 25 to forma porous Si |ayer 502 (Fig. 10A). The

- 32- anodi zation conditions were as foll ows. Current
density: 7 (mirdiefatlibn conditionsAROLE ZANFdIdlows.on @ HF @ Herr]O:
Cerr]Herr]lOH=1: 1 : 1 Ti me 11 (min) 5
Porous Si thicknes<urreh demsilty): 7 (mA/cm®) Subsequently, the resultant
substrate was al |l owed to oxidize in an oxygen atnosphere at 400[err]C
for 1 h. By tAncsligdingatsodntiohe i:nmé@r wHbOs: of.HgOHes bf: the: pbrous

Si |layer 502 were covered with a thermal oxide film 10 A )
0.30-[err]mthick Siimg e-crystal Si |ayedlsd®inds epi taxial ly grown
on the porous Si |ayer 502 by a CVD (Chem cal Vapor Deposition)
process (Fﬁg 1OB) O'F:[Qéls Si thickness : 12 (},lm)

Subsequently, the resultant substrate was allowed
to oxidize in an oxygen atmosphere at 400°C for 1 h. By
this oxidation, the inner walls of pores of the porous
Si layer 502 were covered with a thermal oxide film.

10 A 0.30-pm thick single-crystal Si layer 503 was
epitaxially grown on the porous Si layer 502 by a CVD
{Chemical Vapor Deposition) process (Fig. 10B). The
epitaxial growth conditions were as follows.

Source gas: SiH,Cl,/H,

15 Gas flow rates : 0.5/180 {(1/min)
‘Gas pressure : 80 (Torr)
Temperature : 950 (°C)

Growth rate : 0.3 {(um/min)

Next, a 200-nm thick SiO, layer 504 was formed on
20 the single-crystal Si layer (epitaxial layer) 503 by
thermal oxidation (Fig. 10C}.
The first substrate thus formed as shown in
Fig. 10C and an Si substrate 505 as a second substrate
were so bonded as to sandwich the Si0O, layer 504

25 (Fig. 10D).
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epitaxial growth conditions were as foll ows. Sour ce gas:
SiHerr]dJ[err]/Herr] 15 Gas flowrates : 0.5/180 (1/ mn)

Gas pressure : 80 (Torr) Tenper at ure : 950 ([err] O
Gowmh rate : 0.3 ([err]mmn) Next, a 200-nmthick Si(err]
| ayer 504 was formed on 20 the single-crystal Si |ayer (epitaxial |ayer)
503 by thermal oxidation (Fig. 100). The first substrate
thus forned as shown in Fig. 10C and an Si substrate 505 as a second
substrate were so bonded as to sandwich the Sierr] layer 504 25
(Fig. 10D). - 33- The
single-crystal Si FThéssingkeoiyatasd Sensubdtrate S0brmwaderdmowid substrate
to expose the porous Si |ayer 502 (Fig. 10E). The wafers
shown in Fi g. f10E Wee firat isubsiaakef &0 expose othe porpwsntdi Iavied | ed with
a solution n1xture of hydr of l uori c acid, hydrogen peroxide, and

ul t rapure 503t Bkg- VWQEkeizhe wafers were rotated, ultrasonic waves

of about 0.25 MHz were a to etch the orous Si |.ayer 502 (Fig.
10F). The uni f or mi theo¥a g1 &ig- i EoVeFﬁes%Br%ﬁn$h§ Waffdy 502 was

S To8e o (RIS b YU Sl s o oo v
hydrofluoric acid, hydrogen peroxide, and ultrapure
water. While the wafers were rotated, ultrasonic waves
of about 0.25 MHz were applied to etch the porous Si
layer 502 (Fig. 10F). The uniformity of the etching rate

. 10 of the porous Si layer 502 was 5% or less on the wafer
surface and between the wafers. By applying ultrasonic
waves while wafers are rotated as described above, it is
possible to uniformly promote the collapse (etching} of
porous Si on the wafer surface and between the wafers.

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

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

25 single-crystal Si layer 503 is about a few tens of A and
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possible to uniformy pronote the collapse (etching) of porous Si on
the wafer surface and between the wafers. 15 In the etching of the
porous Si |ayer 502, the single-crystal Si layer (epitaxial l|layer) 503
functions as an etching stop layer. Therefore, the porous Si |ayer

502 is selectively etched on the entire surface of the wafer. 20

That is, the rate at which the single-crystal Si | ayer 503 is etched
by the etching solution described above is very low, so the etching
selectivity of the porous Si layer 502 to the single-crystal Si |ayer
503 Is 10[err] or nore. Accordingly, the etching anount of the 25

si ngl e- cryst alpr@ictlismpdd y508glsgabbat a few tens of [err] and

- 34- practically negligible. Fig. 10F shows the SO

waf er obtai ned by tHig.aB&¥Feshows thepSOI Wakers@btgdned basthheabove[err]m

t hi ck single-crystal Si_layer 503 on the SlC{err] | ayer 504. The 5
filmthi cknes$ Sth|§h5$n%@%'%#@@ﬁzhaﬂﬁthﬁaQe?‘BU3 sk neasured at one
hundr ed p0|nts oV re surface and found to be 201 nn1[err] 4

nm i{eﬁtpggégg Pe, laveear03 rduithenSiRasiaye mi4- Theperf or nmed
1 2y ogen AUoaRete 2t AORhELI LG IO ShontyTo: 10,0 Wanpe surtace
force nicroscggssured at one hundred points over the entire surface
and found to be 201 nm * 4 nm.
In this example, a heat treatment was further
performed in a hydrogen atmosphere at 1100°C for about 1
10 h. When the surface roughness of the resultant SOI
wafers was evaluated with an atomic force microscope
(AFM), the root-mean—square of the surface roughness in
a square region of 5 um side was about 0.2 nm. This
quality is equivalent to that of common Si wafers on the
15 market.
Also, after the above heat treatment the cross-
sections of the SOI wafers were observed with a
transmission electron microscope. As a consequence, no
new crystal defects were produced in the single-crystal
20 Si layer 503, indicating that high crystallinity was
maintained.
It is possible ;o form an Si0O, film on the
single-crystal Si film (epitaxial layer) 503 of the
first substance as described above, on the surface of

25 the second substrate 505, or on both. In any of these
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(AFM, the root-nean-square of the surface roughness in a square
region of 5 [err]mside was about 0.2 nm This quality is equival ent
to that of common Si wafers on the 15 nmarket. Al so, after the
above heat treatnment the cross- sections of the SO wafers were
observed with a transm ssion el ectron m croscope. As a consequence, no
new crystal defects were produced in the single-crystal 20 Si |ayer 503,

i ndicating that high crystallinity was mai nt ai ned. It is
possible to forman SiJerr] filmon the single-crystal Si film
(epitaxial layer) 503 of the first substance as descri bed above, on
the surface ofcas2gs, rbsulesosimblinstiatthdsdb degerdébelioabovelwepay of these
- 35- cases, results simlar to these described above were

obt ai ned. obtainedkurt hernore, even when a light-transmtting wafer

such as a quartz wafer was used as the second substrate, 5 a high-quality
SO wafer could beFugthedmpye; hevelowken a llQhﬁmﬁM@&ﬁm@htsngpwafebmever

t he heat treatnent in the hydr ogen at nosphere was perforned at a

t enperat ure ofuch as a EIBG{-"E?r‘f@f%‘F Wass 15e¢ @sdERer §eFPRY ePHLIETFEG t he

ool oSt Al BohoELa 2P SASECRBY NS AL enes a0 betueen the
the single- Cr%%%rlca 1ggye£eps. However, the heat treatment in the
hydrogen atmosphere was performed at a temperature of
1,000°C or less in order to prevent slip in the
single-crystal Si layer 503 caused by the difference
10 Dbetween the thermal expansion coefficients of the quartz
{second substrate) and the single-crystal Si layer 503.
[(Example 8]
This example is dirécted to another SOI wafer
fabrication method. Fabrication steps which can be
15 expressed by drawings are the same as those shown in
Figs. 10A to 10F, so the method will be described below
with reference to Figs. 10A to 10F.
First, a single-crystal Si substrate 501 for
forming a first substrate was anodized in an HF solution
20 to form a porous Si layer 502 (Fig. 10A). The
anodization conditions were as follows.
First stage:
Current density: 7 (mA/cm?)
Anodizing solution : HF : HyO : CHsOH =1 : 1 : 1

25 Time : 5 {(min)
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[ Exanpl e 8] This exanple is directed to another SO wafer
fabrication nmethod. Fabrication steps which can be 15 expressed by

drawi ngs are the sanme as those shown in Figs. 10A to 10F, so the
method will be described bel ow with reference to Figs. 10A to 10F.
First, a single-crystal Si substrate 501 for formng a first substrate
was anodi zed in an HF solution 20 to forma porous Si |ayer 502 (Fig.
10A). The anodi zation conditions were as foll ows. First stage:
Current density: 7 (mAcnjerr]) Anodi zi ng sol ution : HF
Herr]O: CerrJHerrJ]OH=1:1: 1 25 Ti me : 5
(min) Porous Si thickness : 5.5 (umgp- Porous S
thickness : 5.5 ([err]m Second st age: Current density: 21
(mA/ cnR) Second %‘%@$2|ng sol ution . HF : Herr]O: (err]J]Herr]H =
1: 1 5 sec) Porous S

t hi ckness : 0.5 (FBFF?H? density : leﬁﬁ% zéntly the resul tant substrate

s AT over ot cheOhe b ceb ot et TR bendn S 1 S o
| ayer 502!¥ere covgaﬁg with a thernal QXQHE(éééf“

Porous Si thickness : 0.5 {(um)

Subsequently, the resultant substraté was allowed
to oxidize in an oxygen atmosphere at 400°C for 1 h. By
this oxidation, the inner walls of pores of the porous

10 Si layer 502 were covered with a thermal oxide film.

A 0.15-um thick single-crystal Si layer 503 was
epitaxially grown on the porous Si layer 502 by a CVD
{Chemical Vapor Deposition) érocess (Fig. 10B). The
epitaxial growth conditions were as follows.

15 Source gas: SiH,Cl,/H,

Gas flow rates : 0.5/180 (1/min)

Gas pressure : 80 (Torrxr)
Temperature : 950 (°C)
Growth rate : 0.3 (pm/min)
20 Next, a 100-nm thick SiO, layer 504 was formed on

the single-crystal Si layer (epitaxial layer) 503 by
oxidation (Fig. 10C).

The first substrate thus formed as shown in
Fig. 10C and a second Si substrate 505 were so bonded as

25 to sandwich the Si0, layer 504 (Fig. 10D).
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A 0.15-[Terr]mthick single-crystal Si layer 503 was epitaxially grown
on the porous Si |ayer 502 by a CVD (Chem cal Vapor Deposition)
process (Fig. 10B). The epitaxial growh conditions were as foll ows.
15 Source gas: SiHerr]C[err]/Herr] Gas flow rates :
0.5/180 (1/ mn) Gas pressure : 80 (Torr)

Tenper at ure : 950 ([err] O Gowmh rate - 0.3
([err]mmn) 20 Next, a 100-nmthick SiQ2 | ayer 504 was formed on
the single-crystal Si layer (epitaxial |ayer) 503 by oxi dation (Fig.
10C) . The first substrate thus fornmed as shown in Fig. 10C
and a second Si sulfher hbadéQ5wafers sadh@apadaded 2bhtot bweandfierd t he
Sigerr] layer 504 (Fig. 10D). - 37-
The bonded wafzrm ®he pepevatdd laner tiermadf etsa currénbndemeitporaiis Si

|l ayer formed at a curgent density of 21 mNcnferr] (second stage),

t her eby expos?ﬁgmﬁﬁémpof%ﬁﬁPQ§ Stage)haybﬁrsbs EXPPHNG e @orsiust I8 second
substrate 505 g g npl es of the nethod of szg?ratlng t he
bonded waf er slaw§r1§ ﬁaﬁ’i‘%aﬂli/fapﬁﬂ |qfn§-hs>héetcaﬁd substygke r ,

tw sting the substr , pressur he substrates, 4) dr|V|ng a
wedge bet ween {FRE- ?bEfsuégF ,°§§tggeW?Fﬁo Hef SSARATEHIEY feoxi di zi ng

from

bonded wafers are 1) mechanically pulling the two
substrates, 2) twisting the substrates, 3) pressurizing
the substrates, 4) driving a wedge between the
substrates, 5) peeling the substrates by oxidizing from

10 their end faces, 6) using thermal stress, and 7)
applying ultrasonic waves, and it is possible to
selectively use any of these methods.

The wafers shown in Fig. 10E were set in the wafer

processing bath 10 filled with a solution mixture of

15 hydrofluoric acid, hydrogen peroxide, and ultrapure
water. While the wafers were rotated, ultrasonic waves
of about 0.25 MHz were applied to etch the porous Si
layer 502 (Fig. 10F). The uniformity of the etching rate
of the porous Si layer 502 was #5% or less on the wafer

20 surface and between the wafers. By applying ultrasonic
waves while wafers are rotated as described above, it is
possible to uniformly promote the collapse (etching) of
porous Si on the wafer surface and between the wafers.

In the etching of the porous Si layer 502, the
25 single-crystal Si layer (epitaxial layer) 503 functions
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10 their end faces, 6) using thermal stress, and 7) appl yi ng
ultrasonic waves, and it is possible to sel ectively use any of these
nmet hods. The wafers shown in Fig. 10E were set in the wafer
processing bath 10 filled with a solution m xture of 15 hydrofluoric
aci d, hydrogen peroxide, and ultrapure water. While the wafers were
rotated, ultrasonic waves of about 0.25 MHz were applied to etch the
porous Si | ayer 502 (Fig. 10F). The uniformty of the etching rate
of the porous Si Iayer 502 was 5% or |less on the wafer 20 surface and
bet ween the wafers. appl ying ultrasonic waves while wafers are
rotated as de§§rﬁ§e§t§ g, Sg pikayer. @Fherpbpret othmidanausy Sir dmyes t he
col | apse (etcg|ng) ofous Si on the wafer surface and between the
waf ers. 02 115ns??ﬂ%c'%%gﬂlﬁgeqﬁh%é”’p&?’@u§n§ilr?a?‘éFf%‘Ef? of Hehe 25

si ngl e- crystal ?i | ayer (epitaxial layer) 503 functions

- 38- €4n etching stop layer. Therefore, the porous Si |ayer

502 I I h h f f;

That is, the rate SieGnien PRE €.*§%T%ﬁr LG SinkBageysedl L ot ched by
h hi hi
Sel ectivi 1y 2?5¥%f°90§ef§2$€%§e Ly S %@*&ipﬁe%ﬁéh‘é%“%%f%%%lﬁe&f S ayer

503 is 19h84el lervgwelo»ﬁC%Q{ cuﬂwléechaha SLEBLPYvAEPUE @fe the

porous Si layer 502 to the single-crystal Si layer 503

is 10° or more. Accordingly, the etching amount of the

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

Fig. 10F shows the SOI wafer obtained by the above
steps. This SOI wafer has the 0.1-pum thick
single-crystal Si layer 503 on the Si0O, layer 504. The
film thickness of this single-crystal Si layer 503 was

15 measured at one hundred points over the entire surface
and found to be 101 nm + 3 nm.

In this example, a heat treatment was further
performed in a hydrogen atmosphere at 1,100°C for about 1
h. When the surface roughness of the resultant SOI

20 wafers was evaluated with an atomic force microscope
(AFM) , the root-mean-square of the surface roughness in
a square region of 5 um side was about 0.2 nm. This
quality is equivalent to that of common Si wafers on the
narket.

25 Also, after the above heat treatment the cross-
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single-crystal Si layer 503 is about a fewtens of A and 10 practically

negl i gi bl e. Fig. 10F shows the SO wafer obtained by the above
steps. This SO wafer has the 0.1-[err]mthick - single-crystal Si |ayer
503 on the Sierr] layer 504. The filmthickness of this
single-crystal Si layer 503 was 15 neasured at one hundred points over
the entire surface and found to be 101 nm 3 nm In this
exanpl e, a heat treatnent was further performed in a hydrogen

at nosphere at 1,100[err]C for about 1 h. When the surface roughness of

the resultant SO 20 wafers was evaluated with an atom c force m croscope
(AFM, the rosechtanssqfiatike 0§01 hea s areer obgbnesd with a a square

region of 5 [err]mside was about 0.2 nm This quality is equival ent
to that of comrensfissdaderslectidre microscopeketAs 25consequelceg, mafter the
above heat treatnent the cross- - 39-
sections of tneWSGryaaaér@eﬁﬁ¢tscﬂﬁﬂﬁwnmdebBH an the singbericsysimlel ectron
m croscope. As a_conse uence new crystal defects were produced in
t he singl e- cr pét dpyer %@%ﬁaﬁﬂnﬂ thadi dobngryabalhightyryatal linity
was 5 nmaintai ned, It is possible to forman Si(err] filmon

t he §?ng@§1€F9§P§¢ Si film(epitaxial layer) 503 of the first

substrate as descr E[Qeg_sagg\slgibfn fheeSM fae}lceélgf film on the

single-crystal Si film {(epitaxial layer} 503 of the
first substrate as described above, on the surface of
the second substrate 505, or on both. In any of these
10 cases, results similar to these described above were
obtained.
Furthermore, even when a light-transmitting wafer
such as a quartz wafer was used as the second substrate,
a high~quality SOI wafer could be formed by the above
15 fabrication steps. However, the heat treatment in the
hydrogen atmosphere was performed at a temperature of
1,000°C or less in order to prevent slip in the
single-crystal Si layer 503 caused by the difference
between the thermal expansion coefficients of the quartz
20 {second substrate) and the single-crystal Si layer 503.
In this example, the first substrate (to be
referred to as the separated substrate hereinafter)
obtained by separating the bonded wafers into two wafers
can be reused. That is, the separated substrate can be

25 reused as the first or second substrate by selectively
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t he second substrate 505, or on both. In any of these 10 cases, results
simlar to these descri bed above were obt ai ned.

Furthernore, even when a light-transmtting wafer such as a quartz
waf er was used as the second substrate, a high-quality SO wafer could
be fornmed by the above 15 fabrication steps. However, the heat treatnent
in the hydr ogen at nosphere was perforned at a tenperature of
1,000[err]C or less in order to prevent slip in the single-crystal S

| ayer 503 caused by the difference bet ween the thermal expansion

coefficients of e quartz (second substrate) and the single-crystal
Si |ayer 503. etcthlng the RO'FHP§ §3<a§1:ﬂ‘% renae nings ons thet Faréace oobe

referred to a ar supstrate herelnaft obt aj ned by
separating th hﬁb &%ﬁgﬁﬁggrgyiﬁgﬁ P VR EHg me %EgnaﬁefPEUEEE That i s,
the separat ed ye%esr ° (43R B8scPPoed WS Bd %%ofc'eggag chgoond substrate

by sel ectivel et chi ng

the porous Si fdd4 kghggﬁgp Qge SL”J&Héayl gggﬁrate by the

sanme etchi ng netho 'or ous ' es above and
process'ngStr“%rocess&ﬁ%“bkaﬁtsﬁﬁfﬁééaéréétdknt %%Qﬁ@hbnguk@aéehydrogen S

processing or a surfacé treatnment such as surface pol i shing)..
I n exanpl es 7 pdshiggscri bed above, epitaxial
In examples 7 and 8 described above, epitaxiai
growth is used to form a single-crystal Si layer on a
porous Si layer. However, it is also possible to use
160 other wvarious methods such as CVD, MBE, sputtering, and
liquid phase growth in the formation of a single-crystal
Si layer.
Also, a semiconductor layer of a single-~crystal
compound such as GaAs or InP can be formed on a porous
15 Si layer by epitaxial growth. If this is the case,
wafers suited to high-frequency devices such as "GaAs on
Si" and "GaAs on Glass {(Quartz)"™ and OEIC can be made.
Furthermore, although a solution mixture of 49%
hydrofluoric acid and 30% hydrogen peroxide is suitable
20 for an etching solution for selectively etching a porous
Si layer, the following etching solutions are also
suited. This is so because porous Si has an enormous
surface area and hence can be readily selectively etched.
{a) hydrofluoric acid

25 {b) solution mixture prepared by adding at least

This Sheet Has Been R

e

- 40 -




growh is used to forma single-crystal Si |ayer on a porous Si |ayer.
However, it is also possible to use 10 other various nethods such as CVD,

MBE, sputtering, and | i quid phase growth in the formation of a

si ngl e-crystal Si |ayer. Al so, a sem conductor |ayer of a

si ngl e-crystal compound such as GaAs or InP can be forned on a porous
15 Si layer by epitaxial growh. If this is the case, wafers suited to
hi gh-frequency devi ces such as "GAs on Si" and "GaAs on d ass
(Quartz)" and OEIC can be nmade. Furt hernore, although a solution
m xture of 49% hydr of l uori c acid and 30% hydrogen peroxide is suitable
20 for an etcRhLRY,$0 } f éygq zALNYA & MBioric S |ayer,
the fol |l ow ngggtacﬁ?ngyé%?ﬁ%i%?%ﬁe ae\élgb%r%kggsi tﬂgd}-xﬁ%l S |osrls% because
porous Si hasgagngenor nous surface area and hence can be readily

sel ectively etched. (a) hydrofluoric acid 25 (b)

sol ution m xture prepabadréyeddsydtpfitud@astacid

-41- one of al cohol and hydrogen peroxide to hydrofluoric acid

(c) buffered hydrof(Huosotudton mixture prepadkedsblyutddingi xt uteagr epared by
addi ng at | east 5 one of al cohol and hydrogen peroxide to buffered
hydrof | uord ¢ epedof alcohol arfeé)hyhtageinoperoxideetofbtfifexsdd uoric acid,
ntrie hydrofluoric acid
(e) solution mixture of hydrofluoric acid, nitric
acid, and acetic acid
Note that the other fabrication steps are not
10 limited to the conditions in the above examples, and so
other various conditions can be used.
The present invention can reduce contamination of
wafers by particles and make wafer processing uniform.
The present invention is not limited to the above
15 embodiments and various changes and modifications can be
made within the spirit and scope of the present

invention. Therefore, to apprise the public of the scope

of the present invention the following claims are made.
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acid, and acetic acid Note that the other fabrication steps are
not 10 limted to the conditions in the above exaﬁes, and so ot her

vari ous conditions can be used. The pres hegﬂiﬁnﬁﬁ%t‘% r educe
ng
uni form The present invention is not |i ﬂ ove 15

cont am nati on of waf ers by particles and nake

enbodi nents and vari ous changes and nodificati ons can be made w thin
the spirit and scope of the present i nvention. Therefore, to apprise

t he public of wHae ISOREAIMED D§ t he present invention the follow ng clains
are made. -42- WHAT IS CLAIMED IS 1. A
waf er processilng appawatfexr poocessiwssapppmtnesf dor pyodepping &he waf er
into a processing solution, conprising: a processing bath having a
depth that al Wwefert by dédppiegetiye digpfahelntaf er precesshagpsobesiomg

sol ution; a wafer rotating nechanismfor rotating one or a plurality
of waf ers hel #oBprass@gér hol der by using at |east one rod nenber

substantially parallel to and apart. froman axis_ shifted_ froma portion
bel ow a ba?ycenter 3oPrORES§HRIPABR FAVING bepitethatsalfous Feast one

rod  Tember roating 3604l E. R Mo tne pRHbELASONPBRREr AtOr for
wafer rotating means for rotating one or a

plurality of wafers held by a wafer holder by using a
wafer rotating member which rotates about a shaft

10 shifted from a portion immediately below a barycenter of
the one or plurality of wafers; and

ultrasénic generating means for generating

ultrasonic waves in said processing bath.
2. The apparatus according to claim 1, wherein only

15 said wafer rotating member is arranged as a member for
transmitting a rotating force to the wafer below the one
or plurality of wafers held by said wafer holder.
3. The apparatus according to claim 1 or 2, wherein
said wafer rotating member comprises at least one rod

20 member substantially parallel to said shaft, and said
rod member rotates about said shaft.
4. The apparatus according to claim 3, wherein said
rod member has a diameter much smaller than a diameter
of a cylinder virtually formed upon rotation of said rod

25 member about said shaft.

5. The apparatus according to claim 3, wherein said
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waves in said processing bath. 2. The apparatus according to claim1,

wherein said at |east one rod nmenber has a di aneter o Qﬁéﬁl | er_ than a

(.

di aneter of a cylinder virtually fornmed upon rotation

rod menber about the axis. 3. The appar at us accordiﬂ

wherein said at |east one rod nenber has a groove whi

peri pheral portion of the wafer. 4. The apparatus according to claim 3,
wherein the groove has a V shape. - 43- 5.

The appar atus_acgcor dj ng 1t10 claiml, section of sajd at |east one
a al

erein a
rod menmber tak8ft BFBRAY a?o%gg’f‘iﬂﬁen\&qutﬂ?’lrgggﬁgﬁstﬂﬁ of PEkiRfer

substantial ly_sine- ve shapge.. 6. The apparatus according to claima1,
wherein a se@PFgﬁogfggafgedT£§§§St one rod nenber taken along a

| ongi t udi nal %i_r ect &.ﬁg g@gag&{uga;c@?%&igﬁa?%t i’r_ﬁ‘L’\!k%legm J”ﬁerg\%yetm%$g';i fying

shape. 7. Theé apparatus-according réin sai

rotating nechgpbsghfghkhgrycomid ses a driving force generator arranged
out side said processing bath, "and a driving force transm ssion for

transmttigg g, driTh@ga%géﬁgtﬂﬁﬂﬂﬂﬁhﬁﬁlﬁyt%@bdadﬁiSlnﬁhéﬁéfﬁ generator to
said at | east one rod nenber and rotating said at |east one rod nenber.
8. The appar gbusi8facof dsadtod Iminbet; thitehhalong said shaft has a
substantially sine-wave shape.
8. The apparatus according to claim 3, wherein a
section of said rod member taken along said shaft has a
10 substantially full-wave rectifying shape.
9. The apparatus according to claim 1 or 2, wherein
said wafer rotating means further comprises driving
force generating means arranged outside said processing
bath, and driving force transmission means for
15 transmitting a driving force generated by said driving
force generating means to said wafer rotating member and
rotating said wafer rotating member.
10. The apparatus according to claim 9, further
comprising a dividing member for dividing an interior of
20 said processing bath into a processing wafer side and a
side of said driving force transmission means.
i1. The apparatus according to claim 9 or 10, wherein
said driving force transmission means transmits the
driving force generated by said driving force generating
25 means through a crank mechanism.

12. The apparatus according to claim 1 or 2, wherein
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conprising a dividing nenber for dividing an interior of said processing
bath into a processing wafer side and a side ofhsa'dld&Lving force
transmssion. 9. The apparatus accor dithigs &her ei n sai d

driving force transm ssion transmts the generated by said
driving force generator through a crank : The appar at us
according to claim1, wherei n sai d processing bath conprises a
circul ati ng nmechani sm havi ng an overfl ow bat h. 11. The
appar at us acceaddngrboesbhngn B&th Wt irsesaiad citicnt at dhg ngecatbsrh Sm
conprises contam nation reducing neans for reducing contam nation of the
waf er by parthavieg. anl@verfidie bggar at us according to claim 11, wherein
said contam nation reduci ng neans conprises a filter. 13. The appar at us
accordi ng to éBai m The wappashhusardcordimatingtliadm Adduvhageimansidonpri ses
means for adjusting flow of the processing solution in said processing
bath. 14. TKersppatapdstachapishFCayprdsasmcentanérathonaredueing asonic
generator conprises_an ultrasonic bath and an ulhraso ic source, and said
processi ng® baf'faP&c EPY eEIUFRA SR EHRFELOPh PEu R aR BT rRB¥% oni ¢
transmtting negLu set in said ultrasonic bath. 15. The apparatus
according to PREFAE1®St ur t her

14. The apparatus according to claim 13, wherein said

E

contamination reducing means comprises a filter.
15. The apparatus according to claim 13, wherein said
10 contamination reducing means comprises means for
adjusting flow of the processing solution in said
processing bath.
16. The apparatus according to claim 1 or 2, wherein
said ultrasonic generating means comprises an ultrasonic
15 bath and an ultrasonic source, and said processing bath
receives ultrasonic waves through an ultrasonic
transmitting medium set in said ultrasonic bath. -
17. The apparatus according to claim 1 or 2, further
comprising driving means for changing a relative
20 positional relationship between said ultrasonic source
and a wafer to be processed.
18. The apparatus according to claim 17, wherein said
driving means moves said ultrasonic source within said
ultrasonic bath.
25 19. The apparatus according to claim 1 or 2, wherein

at least portions of constituent members of said
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conprising a driving mechanismfor changing a relative positional

rel ati onship between said ultrasonic source and a wafer to be processed.
. The appar at us Teig SlwetdianBech Beptdcad m 15, wherein said driving nechani sm

noves sai d ul trasori ijf8hin said ultrasonic bath. 17. The

apparatus accordin , erein at |east portions of constituent

menbers of said processing ath and said wafer rotating nmechani sm which

may conme into contact with the processing solution are made of one

material selected fromthe group cansisting of gquartz and _plastic.
- 45- 18. PERESHHRY 3 é’é&grsa’ilﬁg waser| aPhriinguieeans Wilch ams

ti f tif t b , id ' th d I d waf
ot at i ng nechGMReriAET IO ko™ HheoPBOF AR i i TP ARy
luti de_of . mat el al I f consj sti f
luorine reei R STayI R delateTerRghont IR et o o @

polybutylenetgﬁgggéhg&Q&%Fgﬁg&%iland pol yet her et her ketone (PEEK). 19. A

nmet hod of processing a e supplying ultrasonic waves to the wafer

wth the walepoproopRs! AfpaARRA ddtordfingl RbMlaihhe SPII0dafErEYY S NG

processing the wafer while entirely dippi'ng the
at least portions of constituent members of said

processing bath and said wafer rotating means which may
come into contact with the processing solution are made
of one material selected from the group consisting of a
10 fluorine resin, vinyl chloride, polyethylene,
polypropylene, polybutyleneterephthalate (PBT), and
polyetheretherketone (PEEK).
21. A wafer processing method of processing a wafer
while ultrasonic waves are supplied, comprising:
15 processing the wafer while entirely dipping the
wafer into a processing solution and rotating the wafer.
22. A wafer processing method of processing a wafer
while ultrasonic waves are supplied, comprising:
processing the wafer while entirely dipping the
20 wafer into a processing solution, and rotating and
vertically moving the wafer.
23. A wafer processing method of processing a wafer
‘while ultrasonic waves are supplied, comprising:
processing the wafer while entirely dipping the
25 wafer into a processing solution and changing a position

of an ultrasonic source.
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wafer into a processing solution in the processing bath, and rotating and
vertically noving the wafer by the rotati ng nmechanism 20. The

waf er
met hod according to claim19, whereiH; Repiaedc| eaned using a wafer
cl eaning solution as the processingj H The net hod according to
claim19, wherein the wafer is etch r etching solution as

the processing solution. 22. The nethod according to claim 19, wherein a
porous silicon |ayer of a wafer having said porous silicon layer is
etched using a porous silicon etching solution as the_processing solution.

- 46- 23. Tha-nmet B BEEBPH| 3ECO I N%itA FPY AREr 8fnchapes oes t@i23con

pr ocessi ng SoPEFBN Ehe Wafg iy |Ksnechrans 4 wakSr CEFRRYRR m xi ure
prepared by adding.at lLeast one of .al cohal . and hydrogen peroxide to

hydr of | uori c 58? ?lgn as éh?nﬁ?%ﬁ%ﬁfﬁ%ﬁjﬁgﬁFﬁgPPc aci d, a solution

y

m xt ure prepaped byraddhagnah hEA A elagdl BABOkeangatugr S0, PoY O de

to buffered ydrof ['uori ¢ aci ron m xture of luoric

ac 'b?. Cgl it (r)s'ncngf}ﬁgg?naeﬂe gt f Afldbched using 2PLEQPAEL Y nhFubstrate
solution as the processing solution.

. 26. The method according to any one of claims 21 to 23,
wherein a porous silicon layer of a wafer having said
porous silicon layer is etched using a porous silicon

10 etching solution as the processing solution.

27. The method according to any one of claims 21 to 23,
wherein a porous silicon layer of a wafer having said
porous silicon layer is etched using, as the processing
solution, any one of

15 (a) hydrofluoric acid,

{b) solution mixture prepared by adding at least
one of alcochol and hydrogen peroxide to hydrofluoric
acid,

(c) buffered hydrofluoric acid,

20 (d) solution mixture prepared by adding at least
one of alcohol and hydrogen peroxide to buffered
hydrofluoric acid, and

(e) solution mixture of hydrofluoric acid, nitric
acid, and acetic acid.

25 28. A semiconductor substrate fabrication method,

comprising:
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conpri si ng: the step of form ng a non porous |ayer on a porous
| ayer forned on a surface of a fir@ﬁs§¥Q§}r the step of bonding

te
a first substrate side of a prospe g nd a second substrate
prepared separately to sandw ch sa? EH' , ayer between the first
substrate side and said second subs 1 he renoval step of

renmoving said first substrate fromthe bonded structure to expose said
porous |ayer on a second substrate side thereof; and t he etching

step of etching sai ¢GRS beyeormifiy!# 1412 Wﬁ%&l LAt § g%)ggugn whi ch

said porous layer is exposed is conpletely I nto an etc

-47- sol ut ileRreraFd il 8R0RI SuMBYES Gff & FURH edibsthataby exposing
surface of the Second substrate side, the etching step rotating the

second substrate sithe stdp. ofAbeRdis@NauLift sibsitrale kabei eat hon met hod,
conpri si ng: the step of form ng a non porous |ayer on a porous

| ayer fornmed @roapedtiseestruatéresindubdeaing substratehprepapeaf bondi ng
a first substrate side of a prospective structure and a second substrate
prepared Sepaephgiayefly tandandwichishitbmgopeuusajeyebebetraethehefir st
substrate side and said second substrate; t he renoval step of
renovi ng sai d fiins$t sybpssraheeside and said second substrate;

the removal step of removing said first substrate
from the bonded structure to 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 completely dipped into an etching
solution, and ultrasonic waves are supplied, thereby

exposing surface of the second substrate side,

15 the etching step rotating the second substrate
side.
29. A semiconductor substrate fabrication method,
comprising:

the step of forming a non porous layer on a porous
20 layer formed on a surface of a first substrate;
the step of bonding a first substrate side of a
prospective structure and a second substrate prepared
separately to sandwich said non porous layer between the
first substrate side and said second substrate:;
25 the removal step of removing said first substrate

from the bonded structure to expose said porous layer on

oo



fromthe bonded.structure to expose said porous |ayer on a second
substrate side thereof; and the etching step of etching said porous

| ayer whirhieStielidlasBesnBeplatiost rat e si de on which said porous layer is
“ﬁ“ ped into an etching solution, and ultrasonic

exposed is

waves are S [ by exposing surface of the second substrate side,
t he etching ep rotating and vertically noving the second substrate side.
26. A sem conduct or substrate fabrication nmethod, conprising: t he
step of form ng a non_porous | ayer on a porous |ayer formed on a surface
of a first subdtFerpd subStraFﬁeségéptB?gﬁ%ﬁﬂi%EF61first substrate side of
a ospectéve structure and a

. _48-
second substrate prephf &tFCN%SHER §’§t 8t§§?rfaw TS HY W6h 459Fus | ayer
bet th fi bstrat ' ' bstr. : th
Coroval step o Gters pipsPRE LR b uf ORI iRl BReaus: r uct ure to
id | . i .
TEERRT P S s L R e
side on whisCh $&i ¢k RO Okhd hAXehsbRi EXRAVES 4se p%ﬁji@dﬁ%y t%&lesg into an

etching solution, and u trasonic waves are sup ~thereby exposing
surface of thesgeeihy SHFAR! 8fSkHE, second sl LitEhigidiest ep changing a

position of an

the etching step rotating and vertically moving
the second substrate side.
30. A semiconductor substrate fabrication method,
10 comprising:
the step of forming a non porous layer on a porous
layer formed on a surface of a first substrate;
the step of bonding a first substrate side of a
prospective structure and a second substrate prepared
15 separately to sandwich said non porous layer between the
first substrate side and said second substrate:;
the removal step of removing said first substrate
from the bonded structure to expose said porous layer on
a second substrate side thereof; and
20 the etching step of etching said porous layer
while the second substrate side on which said porous
layer is exposed is completely dipped into an etching
solution, and ultrasonic waves are supplied, thereby
exposing surface of the second substrate side,
25 the etching step changing a'position of an

ultrasonic source.
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ultrasoni c source. 27. The nethod according to any one of clains 24 to
26, wherein the etching solution used in the etching step

S -~ 3y  one of
(a) hydrofluoric acid, (b) solution m xturdh s I ng at
| east one of al cohol and hydrogen peroxi de to hydr m
(c) buffered hydrofluoric acid, . (d) solution red by

adding at | east one of al cohol and hydrogen peroxide to buffered
hydr of | uori ¢ acid, and (e) solution m xture of hydrofluoric acid,
nitric acid, and acetic acid, -49- 28.

The nethod accdtdi ngThe Bekheshasordiggnso2any 008, of Gl £& He Bdoval

step conprises exposing sai d_ porous lLayer b rinding, .polishing, or
etching said fypeYein SRS NG SHLAEEQRKUSS féhx%he é%?ﬂingTﬁgeﬁbﬁﬁod

according to any one of_clainms 24 to 26, wherein the renoval step
conpri ses sepa? i?ﬁft?ﬁefirst substrate side and the second substrate

0T 5 T SRR e | 30 e rethod according o
single-cry%tal Silkﬁf"%éfﬁ%ﬁbn mixture prepared by adding at least
one of alcohol and hydrogen peroxide to hydrofluoric
acid,
(c) buffered hydrofluoric acid,
(d) solution mixture prepared by adding at least
10 one of alcohol and hydrogen peroxide to buffered
hydrofluoric acid, and
(e) solution mixture of hydrofluoric acid, nitric
acid, and acetic acid.
32. The method according to any one of claims 28 to 30,
15 wherein the removal step comprises exposing said porous
layer by grinding, polishing, or etching said first
substrate from a back surface.
33. The method according to any one of claims 28 to 30,
wherein the removal step comprises separating the first
20 substrate side and the second substrate side at a
boundary of said porous layer.
34. The method according to any one of claims 28 to 30,
wherein said non porous layer is a single-crystal
silicon layer.
25 35, The method according to any one of claims 28 to 30,

wherein said non porous layer is made up of a
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31. The met hod according to any one of clains 24 to 26, wherein said
non porous |layer is nmade up of a si ngl e-crystal S|I|con | ayer and a

silicon oxide |ayer formed on sai ilicon | ayer. 32.
The net hod according to any one of cl Ti wherein said non
porous |ayer is a conpound sem cond The net hod
according to any one of clains 24 to 26, wher ei n sald second substrate (s
a silicon substrate. 34. The net hod according to any one of clains 24
to 26, wherein said second substrate is a silicon substrate havi ng a

si li con oxi de FinghersHmysdadn sdligpnateayes apd adHddgoro opidef Lpyersubst rat e
side. 35.The net hod accondlng to an¥ one.of clains 24 to 26, wherein said
second subst raQ%mleéi &N isg"l"'\-fj slRadaTEEYRERL stishgon daver.

- 50- st al con | nd_a silicaon axi yer

formed on sai gﬁl%‘l nglﬁ"ecr“i?st?‘éﬁd QCFPESXnF’a @rany °n%b°£] C‘(I)Lﬁé' 12% g %230or di ng
to any one of alns 28 .t wh sald Qrus | ayer is a
conmpound 5 r%%ﬁb&@Fan%aygorous f§§é9 é&ﬁ%#% g@cordlng to any one
of claims 28 té%g?%onﬂ$cﬁngEgg@ psaid second substrate is a silicon

substrate. according to any one of clains 28 to 30,

wherein sai d seeond iSRG bicBrathd CA) AP Ha1h8vh0L8 Shii con

oxide filmfornmed on a surface to be o ed to e first substrafe
si de. 39. @l @ iC sedhidstiBseRytONes of ilidideh 8bkerdle.

wherein said second substrate is a light-transmtting substrate.
38. The method according to any one of claims 28 to 30,
wherein said second substrate is a silicon substrate
10 having a silicon oxide film formed on a surface to be
bonded to the first substrate side. |
39.The method according to any one of claims 28 to 30,

wherein said second substrate is a light-transmitting

substrate.

-
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