-1 - Conposite Menmber, its Separation Method,

and Prepar at.ion-Met-hod~of " Sem conduct or Fpggtrate by
Utilization thereof ﬁ Background of the Invention ield of the
| nventi on Tms&mafhsB“mR“’ e present |nv§nt|on relates to ac§8”¥§§35 ’“
menber, its | thod and a preparation nethod

sen1conduct§ articularly to a 10 conposi te nmenber havi ng
inside a fr e structure with a | ow nechanical strength, its
separation nmethod and a : preparation nethod of a sem.conductor
substrate. The ALt VMY, |iScP Fdpardtaidry MatHab) e for a
preparation nmethod of a substrate (SO substrate) 15 havi ng an SO

(sem conduct or on i nsubftioPrepardtioneMashod of Semypendfictem conduct or
substrate. Rel at ed Background Art A device using the
SO substrate has various Substragdvbut Hgsdimhtéancihaveolfe attai ned by an
ordinary Si 20 substrate. For exanple, the advantages are as foll ows:

(1) a dielectric is easily separated and the device is sui table for
hi gh integration; t he device is superior in resistance to rays;
(3) aflo |ngB@§$§EPPVd|§ sivRe INYRAtACHh speed 25  operation of

el enments is real.ized; a well process is unnecessary; (5)
| atch-up can bé&igddy & &oe &H&e%tlon

' The present invention relates to a composite

member, its separation method and a preparatiqn method
of a semiconductor substrate, particularly to a

10 composite member having inside a fragile structure with
a low mechanical strength, its separation method and a
preparation method of a semiconductor substrate. The
present invention is particularly suitable for a
preparation method of a substrate (SOI substrate)

15 having an SOI (semiconductor on insulator) structure as
a type of semiconductor substrate.
Related Background Art

A device using the SOI substrate has various

advantages which cannot be attéined by an ordinary Si

20 substrate. For example, the advantages are as follows:
(1) a dielectric is easily separated, and the device is
suitable for high integration;
(2) the device is superior in resistance to rays:
(3) a floating capacity is small, and high speed

25 operation of elements is realized;
(4) a well process is unnecessary;

(5) latch~up can be prevented; and

| '|HiS SHEET HAS BEEN
REPLACED




- 2- (6) a conplete depletion type field-effect transistor

can be forned by thinning filns. Since the SO structure has
vari ous advant ages as descri bed above, researches concerning its
formng 5 met hod have been advanced these several decades. Known
as a conventional SO technique is an~Sés- (silicon on sapphire)
technique for formng Si on a singl e-crystal sapphire substrate by
het ero epitaxi al growh in CVD (chem cal vapor deposition) mnethod.
The 10 SCS techni que has been eval uated as nost matured SO

Leohni que, but (3s enQLnBSERePUboI BCRLACEER! s48fa et ractEEANSISEm | 200

anount of Crys S cause e msnatching 1n an

interface of ap,§ pbaygin@Adpy thinninB2¥¢1f@pPhire substrate, mixture of
al um num 15 constituting tHe sapphite substrate into the Si |ayer,

substrate price, del aygifcar eAe€Bbar geaditurandakofarious adva@ritageasons.
Fol | ow ng the SOS techni que, an SI MOX (separation by ion inplanted

oxygen) techni ggedbaeriBed abappearedearcheserpnegrniiegShieX foeatimgyue,

vari ous met hods have been devel oped aimng at reduction of the
crystal def ect methodetiavei beeaf adwantadt theseoseveral decBdespl es of the
nmet hods i nclude a nethod of injecting. oxygen ions.to a substrate to
form an enbedd&dowxi @8 a2gonvepgionalaSPEt Feghoiquendsng™t ®W@Swaf ers via an
oxi de film_ polishing or etching one of the wafers, and

| eavi ng a t hi n(siddcencPps£apPEirely &pchnigne §rrgdorming Si on a

single-crystal sapphire substrate by hetero epitaxial
growth in CVD (chemical vapor deposition) method. The

10 SOS technique has been evaluated as most matured SOI
technique, but has not been put to practical use
because of a large amount of crystal defects caused by
lattice mismatching in an interface of an SI layer and
a base sapphire subétrate, mixture of aluminum

15 constituting the sapphire.substrate into the Si layer,
substrate price, delay in area enlargement, and for
other reasons.

Following the SOS technique, an SIMOX

(separation by ion implanted oxygen) technique has

20 appeared. Concerning the SIMOX technique, various
methods have been developed aiming at reduction of the
crystal defects or reduction of manufacture cost.
Examples of the methods include a method of injecting .
oxygen ions to a substrate to form an embedded oxide

25 layer; a method of bonding two wafers via an oxide
film, polishing or etching one of the wafers, and

leaving a thin single-crystal Si layer on the oxide



- 3- film a nethod of inplanting hydrogen ions into a
predeterm ned depth froma surface of an Si substrate with an oxid
filmfornmed thereon, bonding with the ot her substrate, leaving a thin
single-crystal Si layer 5 on the oxide filmby heating or another
treatnment, and peeling off the boRded substrate (other substrate);
and the Iike. _ A new SO techni que has been disclosed
in Japanese Patent No. 2,608,351 or WU.S. Patent No. 10

5,371,037. In the technique, a first substrate obt ai ned by form ng

a non-porous single-crystal |ayer .. on.a.single-crys sem conduct or

substrate with¥ L %e§§98u§¥lévg}anfﬁgthﬁng%H %gn 0%@%8 %n a second

substrate and these SUBSTLA! G3p3he f20R00 s #8Re b an YINGEBETALLEPOrtiONS
5 gl

are renoved, so tha € non- porous single-crystal layer iIs

transferred to_ft e Foslead t eRALAKE wHEhSHR@r i or in
t hat thgagg afhfgﬁd%hgqgﬂguperiorkﬁffépﬁﬁicknessaﬁnﬁfornity,

a crystal defeghndengupstehtee 189avindy e thdn Bengd@-cryseduced, liayerSO

| ayer has a good surface flatness, a manuf acture device with
expensi vesand gpeahdl oxide filpe®yf heatimgs orS anothees taep taed t, handSO
substrates having SO filnms in the range of about several 10 nmto
10 [err] m can lpealrmg adfifurthe bionideidhsubartearten odbenr subziratedeviand
Furthernore, the present applicant has
the like. _
A new SOI téchnique has been disclosed in
Japanese Patent No. 2,608,351 or U.S. Patent No.
10 5,371,037. In the technique, a first substrate
obtained by forming a non-porous single-crystal layer
on a single-crystal semiconductor substrate with a
porous layerxr formed thereon is bonded on a second
substrate and these substrates are bonded, then
15 unnecessary portions are removed, so that the non-
porous single-crystal layer is transferred to the
second substrate. The technique is superior in that
the SOI layer has a superior film thickness uniformity,
a crystal defect density of the SOI layer can be
.20 reduced, the SOI layer has a good surface flatness, a
manufacture device with expensive and special
specifications is unnecessary and that SOI substrates
having SOI films in the range of about several 10 nm to
10 pm can be manufactured with the same manufacture
25 device.

Furthermore, the present applicant has

disclosed a technique in Japanese Patent Applicétion



di scl osed a technique in Japanese Patent Application

-4- Lai d-open No. 7-302889, in which after first and second
substrates are bonded, the first substrate is separated fromthe
second substrate wi thout being coll apsed, a surface of the separated
first substrate is then 5 snoot hed, 4and a porous layer is forned

t hereon agai n, so that the first substrate is reused. An exanpl e of

t he proposed nethod will be described with reference to Figs. 12A to
12C. After a surface layer-of a first Si substrate 1001 is nade
porous to form.a.porou eh_ 1002 i =C | 3 1003
I's fornmed on ?ﬁ@l%'OPe% h@%e? Eég§?9anggtH2§g§n§?§§§r§§?§? %?b|§$§§53nd a
MBI paes BiER-Aked 3960BAndkasURAL! 2425t0040s0patE! 25! bephRated
first Si base substrate are bonge to each other via an i nsul ati ng
layer 1005 (Fi gromlAhe Horbadl tabst#atal Githdat beongedolilapkka,par ous

| ayer is divided (Fig. 12B), and the porous Si | ayer exposed to the
surface of a sew@Fdce of thE skparasebdsifiast ssbseiratei iel yheenoved to form
an SO substrate (Fig. 12C). The first Si substrate 1001 can

be reusedsby rempothgd,handesnporogsplages liayéformad therponefgesn,

In the invention disclosed in Japanese Patent Appl i cation Lai d-open
No. 7-302889, tdte thaistthet £irst substreggadist #8ussing PReeFRBPEPt Pt hat the
structure of the porous silicon layer is nore fragile than a

non- porous 25 the grnopased metheod wid lsbesdescribrde wid rP%eﬁﬁgﬁgrﬁpion

of the sem conductor substrate can bhe used again i,n . \
Figs. 12A to %ZC. Af%er a surface layer of a first Si

substrate 1001 is made porous to form a porous layer

10 1002, a single-crystal Si layer 1003 is formed on the
layer 1002, and the single-crystal Si layer and a main
surface of a second Si substrate 1004 separate from a
first Si base substrate are bonded to each other via an
insulating layer 1005 (Fig. 12A). Thereafter, a wafer

15 bonded via the porous layer is divided (Fig. 12B), and
the porous Si layer exposed to the surface of a second
Si base substrate is selectively removed to form an SOI
substrate (Fig. 12C). The first Si substrate 1001 can
be reused by removing the remaining porous layer

20 therefrom.

In the invention disclosed in Japanese Patent

Application Laid-open No. 7-302889, the substrate is
separated using the property that the structure of the
porous silicon layer is more fragile than a non-porous

25 silicon. Since the substrate once used in preparation
of the semiconductor substrate can be used again in

preparation of the semiconductor substrate, the cost of



preparation of the sem conductor substrate, the cost of

-5- the sem conductor -substrate can effectively be reduced.
Moreover, in the technique, since the first substrate can be used
wi t hout bei ng wasted, the nmanufacture cost can largely be reduced.
Additionally, the manufacture 5 proc®ss i s advant ageously sinple.
Exanpl es of the nethod for separating the first and second base
substrates (base plates) include pressuri zing, pulling, shearing,
wedge insertion, thermal treatnent, oxidization, vibration

opplication. 1o iSO AkeIRd i oy b Jdguesen

I nvent ors have proposed a separation net nese at en

Appl i cation No. é@f}&% Qly Q%I{Wt&u . sind®PRHe it NupRae27 il ed

on March 25, 1 , is sprayed to a separation area.

Gas 15 and/Qn I Wsbd WitiR R DdiRy Wadtha anthee wRefifddture cost Water
jet using a liquid mainly conposed of water is preferable. In the

met hod, at the ddme atfgeispaseaiddiiiced. AdttElonallyonthe misnuedmind=d f ace
but also uniformy enters a gap between the first and second bases,
so 20 3 hat proadss iiseladwan tfagaowsyarsmpie pr essure can be

applied to the entire separation face. Mreover, in t he net hod,
different fromthe cas&Exgmplegaf theygiethod foyswepagaiing e dirse
washed away wi t hout bein scattered. The nmethod is superior in these

two 25 r es post §q®qqg@a§aam$wm HRpesy RiRtefldaclude

pressurizing, pulling, shearing, wedge insertion,
thermal treatment, oxidization, vibration application,

10 wire cutting, and the like. Additionally, the present
inventors have proposed a separation method in Japanese
Patent Application No. 9-75498 or U.S. Patent
Application No. 047,327 filed on March 25, 1998, in
which fluid is sprayed to a separation area. Gas

15 ‘and/or liquid is used as the fluid, and especially a
water jet using a liquid mainly composed of water is
preferable. In the method, at the time of separating,
water not only cuts a bonded face but also uniformly
enters a gap between the first and second bases, so

20 that a relatively uniform separating pressure can be
applied to the entire separation face. Moreover, in
the method, different from the case where gas is not
used, particles can be washed away without being
scattered. The method is superior in thesé two

25 respects to the separation method by the wedge
insertion. Especially, when the mechanical stréngth of

the separation area is set lower than that of the



insertion. Especially, when the nechanical strength of t he
separation area is set |lower than that of the

- 6- bonded place, only the fragile portion is ruptured,

col | apsed or renoved by spraying the fluid flowto the separation
area, and another strong portion can - 6 - advantageously be left without
being collapsed. 5 However, when the water jet or another fluid
S used to separate the bonded conposite nenber by sprayi ng the
fluid to a side face of a conposite menber, especially around a side

f f th ti L th ' wh the fluid fl
cannot 10 GABEE BAESR:oPRLY: thReLEBgAIS: POR APl BoE NS PR
ti : ' t .0 _thi . t
Composi 16 monbEPLLARERS SR SR IR, by Sbapxes’ BhE clutp fiBR7eo SR |
i1 the pressurgﬁbﬁﬁ%%gﬁgsg%ggy and_anotRkfedtrohgChoredyanesni nward from,
of "the bondeq I h d

the side face base. n the mdst, one or both of the

separ at ed base ;gyRsiadetusTY bRe 1eFCkednbutt Being collppeedure of the
fluid injected to the separation area. Therefore, yield is | owered

in the segarating proce@ewever, whehOtheOiwdteli Jett ber anoshprofildéd dsmet hod
of further 20 | onering the nmechanical strength of the separation area
to form a nor e usedgitoe seiparatter ehel bondeds compbsidei siember byexcessi vel y
fragile, however, a problemis caused that the separation area is
broken and canspraydngortied fduid to a sHde facesOFaratPBROSAER i s broken-to

generate 25 particles as contam nants durin heatin% Qleanin%“ or
member, especially around a side face of he ‘separation

area, there is a case where the fluid flow cannot

10 easily break or cut the separation area because the
separation area has an excessive strength. Iﬁ this
case, the composite member can be separated by raising
a fluid pressuré, but if the pressure is excessively
raised, cracks advance inward from the side face of the

15 bonded base. In the midst, one or both of the
separated base substrates may be cracked by the
pressure of the fluid injected to the separation area.
Therefore, yield is lowered in the separating process.
To avoid this, there is provided a method of further

20 lowering the mechanical strength of the separation area
to form a more fragile structure. If the structure is
excessively fragile, however, a problem is caused that
the separation area is broken and cannot be bonded or
that the separation area is broken- to generate

25 particles as contaminants during heating, cleaning, or
handling the base substrate otherwise in a process of

preparing the composite member.



handl i ng the base substrate otherwise in a process of preparing the

conposi te nenber. -7-

Mor eover, when separation is perforned in anot her et hod w t hout
using the fluid, basically the simlar problemis caused. Therefore,
the yield in the separating proee¥s-may be lowered. 5 SUMVARY
OF THE | NVENTI ON An object of the present inventionis to
provi de a conposite nenber and its separation nmethod in whi ch t he

conposite nmenber can be separated relatively 10 easily w thout danagi ng

separ at ed bases. Angther ob'e%L of .t he %esent Envention S
to provi de a conff8EPPESTenty FnaﬁﬁpP%§ 48Bat 5t PEREREFRTd 1

whi ch hani_cal, . st h .of . ' i .
el atively rai S6REAER ARERGAq 4 rPRkcks3fBr kY ulbtipasica iR eRE | |
prevent ed, andsgﬁggggtb%?b?%g %P cau?@ﬁﬁ'cbﬁéfb§o§%9p%ﬁ§5 qeld_in the

According to an aspect esen nvention, there is provided a
preparation meliad Ak idg procesiChhyOBeUGbRkredistrate using a separation

nmet hod of a 20 conpoOsite nenber “conprising the step of separating the
conpositesnenber into a plurality of nenbers at a separation area,
I n which a nmechanical strength of the separation area i s non-uniform

al ong a bondedsiasmRY OF THE INVENTIESpecially, in the separation area, a

An object of the present invention is to
provide a composite member and its separation method in
which the composite member can be separated relatively

10 easily without damaging separated bases.

Another object of'the present invention is to
provide a composite member and its separation method in
which a mechanical strength of a major separation area
can be relatively raised, unintended collapse of the

15 separation area is prevented, and generation of
particles is suppressed.

According to an aspect of fhe present
invention, there is provided a preparation method of a
semiconductor substrate using a separation method of a

20 composite member comprising the step of separating the
composite member into a plurality of members at a
separation area, in which a mechanical strength of the
separation area is non—uhiform along a bonded face.

Especially, in the separation area, a

25 peripheral portion of the composite member is
preferably lower in mechanical strength than a central

portion. Additionally, the separation area is



25 peri pheral portion of the conposite nenber is preferably | ower
I n mechani cal strength than a central portion. Additionally, the
separation area is - 8-

preferably | ower in nechanical strength than the bonded i nterface.
Accordi ng to another aspect of the pres@nt I nvention, there is
provided a preparation nethod of a 5 sem conduct or substrate- using the
separation met hod ment i oned above. ' According to stil
anot her aspect of the * present invention, there is provided a

ti t hod of ' Lch ' 0
Ceparating a cBRBESFPE HenBYrT oPriaCDy boRY HoCanarhsFhaf tha Boh3ga
substrate and ﬁn%SEQQQ base substrate to each other into a plurality

of menbers at a separa?ron area formed in a position different froma

bonded face, a NRERBRiEAL tb 8RGtHeS! abpacteBer @hbopraseathei ng non-
15 uni form al ong the bonded™face, and a nechani cal strength of a

peripheral por§he@neiohhethepar aki pRodigad a prepheagBfohomathydl o¥. a
According to a further aspect of the present i nvention, there is

provi ded 8 conpemitenduahetr sidbBstratenpsisgnghe separation methodnsi de, a
nmechani cal strength of the separation area bei ng non-uniform al ong
a surface of thmentdopedi ebowerber, a nechani cal strength of a

peri pheral portion of the separation area being locally | ow
According to still another aspect of the

present invention, there is provided a preparation
method of a semiconductor substrate which comprises

10 separating a composite member formed by bonding a first
base éubstrate and a second base substrate to each
other into a plurality of members at a separation area
formed in a position different from a bonded face, a
mechanical strength of the separation area being non-

15 uniform along the bonded face, and a mechanical
strength of a peripheral portion of the separation area
being locally low.

According to a further aspect of the present

invention, there is provided a composite member

20 comprising a separation area inside, a mechanical
strength of the separation area being non-uniform along
a surface of the composite member, a mechanical
strength of a peripheral portion of the separation area
being locally low.

25 For the separation area, a porous layer formed
by anodization, a layer formed by implanting ions in

which microcavities can be obtained, or the like can be



25 For the separation area, a porous |ayer forned by

anodi zation, a layer fornmed by inplanting ions in whi ch

m crocavities can be obtained, or the like can be

- 9- used. When an Si wafer or another sem conductor

substrate, or a quartz wafer is used as9a-first or second base, it
substantially has a di sc shape al t hough- it has an orientation flat or
a notch. Therefore, the 5 conposite nenber obtained by bonding the
first and second base substrates to each other al so has a
substantially disc shape. In this gase, when ﬁﬁ Eanlcal strength
of the separatP&ﬁdare § A9nS1 wafer gr; App Fﬁ §ﬁ@ﬁ°8n fH8F that the

h hi th | nb d
Towin o Bpedeat sneP5| A gRRPyR RSt B pane; 87 SORERRL BrThREr A
circunterentialg %ﬁ%ﬁpb PQESB%EBQE%EQIE§HHSE §9fisc sthéfEFEhbﬁﬁéy be

separ at ed. Wheh Sthe conpoé a rectangu ate nber,

the mechani cal ;3¢ hgROGR Bheléauoht $16Qr Be' a AbEENO! @Rbikbeocpeli RRery is
| ower ed. he mechani cal strength can be made non-uniform

by form ng por domposdickf Qtéﬁt!&brl Bblaiasdt vyl boRdeng the firssokhar in the
separation area. As the porosity is I ncreased, the nechanica

strength is | owecethd bage subseraftesetot kacheoltherrcallsset hasgih can be
changed by changi ng the porosity. Specifically, the nechani cal
strength of theubetapitéedlypdiscoshepe-beInowbiedcbge, when theting hi gher
the porosity in the peripheral portion

mechanical strength of the separation area is non-

uniform in such a manner that the strength is high in

10 the central portion of the composite member and low in
its peripheral portion, and substantially uniform in a
circumferential direction, the composite member can
effectively be éeparated. When the composite member is
a rectangular plate member, the mechanical strength of

15 its corner, side or entire periphery is lowered.

The mechanical strength can be made non-uniform
by forming portibns different in porosity from one
another in the separation area. As the porosity is
increased, the mechanical strength is lowered.

20 Therefore, the mechanical strength can be changed by
changing the porosity. Specifically, the mechanical
strength of the peripheral portion can be lowered by
setting higher the porosity in the peripheral portion
than in the central portion.

25 The mechanical strength can also be made non-

uniform by changing a thickness of the separation area.

As the thickness of the separation area is increased,



than in the central portion. 25 The mechani cal strength can

al so be nade non- uni form by changi ng a thickness of the separation
ar ea. As the thickness of the separation area is increased,

- 10 - t he nechanical strength is | owered. Therefore, the
mechani cal strength is al so changed by ®angi ng t he t hi ckness.
Specifically, the nmechanical strength of t he peripheral portion can
be | owered by setting a 5 t hi ckness of a porous |ayer of the separation
ar ea | arger in the peripheral portion than in the central

portion of the_pase, . n, Qr obt & | t conposite
rorber | WiPenTeEnraieaL aEenarhrif Finetlar  Bhacdeall; COE 10

process of SepabahhRchi®sEALRGER " £s "EIDE" cRlllgld by changfiy’ Ehy separaled

in the separation process, _ separation area is preferably forned
by a pluralitytfickness. |8ye&sededieyenint maBREANESE! sEieRGEh ot

Especi al | y, I n the separation area conprising the plurality of 15

| ayers, the thtgkngesiphetal ay6tthbghcan per LswéyedSby settpngfarably |ess
than the thickness of a layer lowin porosity adjacent to a

non- por ous si nghecknygssabf a porsesi tapducodrthayseparationcénea of each of
t he plurality of |ayers does not necessarily have to be 20

st eepl y changeliargeaninntbef periphéyah pérthensthangin the cemtrairucture
of each layer is continuously changed in the interface of the

adj acent | ayerBor§éparafi heiBase. facilitated as conpared with when the

strength is _
g In order to obtain a suitable composite member

which fails to be separated in a process prior to a

10 process of separating the composite member and is
securely separated in thé separation process, the
separation area is preferably formed by a plurality of
layers different in mechanical strength. Especially,
in the separation area comprising the plurality of

15 layers, the thickness of a layer high in porosity is
preferably less than the thickness of a layer low in
porosity adjacent to a non-porous single-crystal
semiconductor layer. A structufe of each of the
plurality of layers does not necessarily have to be

20 steeply.changed in an interface. Even if the strength
or structure of each layer is continuously changed in
the interface of the adjacent layers, separation is
facilitated as compared with when the strength is
uniform over the entire separation area.

25 " In the separation area comprising the plurality
of layers different in the mechanical strength, the

layer high in porosity preferably has a higher porosity



uniformover the entire separation area. 25 In the separation

area conprising the plurality of layers different in the nmechanica
strength, the | ayer high in porosity preferably has a higher porosity
in the peripheral portion than in the vicinity of the central portion
of the base. In the sepatdt+on area conprising the plurality
of layers different in the nmechanical strength, the 5 porosity of a
second layer with a high porosity can be made hi gher in the

peri pheral portion than in'the central portion of the base substrate

by maki ng the | thickness of a first _Jayer wWih a. L L. pQrosity |arger
in the periphe%%ltB%rP?BﬁpPﬁﬁﬁgiR°F%é°8eﬁ#?§l1Bg$§?oﬁlgg§lLyo§%t%égbase.
The present inyentors h nguc experiments in which an

anodi zati on de%?%%r?g 9§¥?%§§I§E Eﬁg baﬁ%dified to forma good-quality

porous layer. As a In thE&SHbbarhfe¥nhaveal auigdribahgt bRECDLEraDi &y Waf er
15 havi ng an in-plane porosity distribution anbng a plurality of

Si wafers subj get edvbesagpeeabant €At ¥BB! mechanicH$i B#réngeh} athenode of
anodi zati on device.” Moreover, as a result of experinments in which

sanpl es age porosptgpared bgcbAaniagepowiphr auRighypososhtpocansbeayer s
20 and the non-porous |ayers are peeled off, it has been f ound
that in sone ohallbehighpresnetbe pheipbevad baysion than fgl ghevely low in
porosity can be peeled off nore
central portion of the base substrate by making the
thickness of a first layer with a small porosity larger
in the peripheral portion than in the central portion
10 of the base.
The present inventors have conducted
experiments in which an anodization device is variously
modified to form a good-quality porous layer. As a
result, they have found that there is an Si wafer
15 having an in-plane porosity distribution among a
plurality of Si wafers subjected to a porous treatment
using a certain mode of anodization device. Moreover,
as a result of experiments in which samples are
prepared by forming non-porous layers on porous layers
20 and the non-porous layers are peeled off, it has been
found that in some of the samples even the porous layer
relatively low in porosity can be peeled off more
easily than the layer relatively high in porosity. It
is seen from the aforementioned two findings that, as
25 in an embodiment déscribed léter, when the layer

relatively high in porosity is ruptured or collapsed in

the porous layers having the in-plane distribution of



easily than the layer relatively high in porosity. It I's seen from

the aforenentioned two findings that, as 25 I n an enbodi nent descri bed
| ater, when the | ayer relatively high in porosity is ruptured or
col | apsed in t he porous |ayers having the in-plane distribution of

- 12 - porosity, the layer relbdively lowin porosity is also
easily ruptured, which is not nuch influenced by an absol ute val ue of
porosity. Specifically, it has been found that when there 5
is a layer relatively high-in porosity in the peri pheral portion of a

nb in which ; _ :
faciiitared PotSPEEe: (Pectiver zergfively fof B FonbtEy TEOAEOTN. S
present |nventEQQLE§SrQSEﬂrQSYi&ﬁP§g éQﬁE:%?%th%Ef e =SSe QWQRJCF THE

DRAW NGS emati c sectional

views of a co BébigthqggﬁeaSEObgfaglEQ the present invention. 15
Figs. 2A and 2B are top views of the conposite menber according to
the present invention. specifically, itFh&S§.b8énafeusd thaw whepnl there

di stributions of mechani cal strength of the conposite nenber

accor di ngs ist @ Lhgepr eakativvayignhigh. in2Porosity in theg. 4 is view
showing a state in which an anodi zation for use in the present

i nvention i s peripheral portion of a member in which separation can
easily be started, the separation is facilitated
regardless of the absolute value of porosity, and the
present invention has been developed.

10
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B and 1C are échematic sectional
views of a composite member according to the present
invention.

15 Figs. 2A and 2B are top views of the composite
member according to the present invention.

Figs. 3A and 3B show in-plane distributions of
mechanical strength of the composite member according
to the present invention.

20 Fig. 4 is view showing a state in which an
anodization for use in the present invention is
applied.

Fig. 5 is a characteristic diagram of porosity
of a semiconductor substrate according to the present

25 invention.

Figs. 6A, 6B and 6C are views showing a

separation method of the composite member according to



appl i ed. Fig. 5is a characteristic diagramof porosity

of a sem conductor substrate according to the present 25 I nventi on.
Figs. 6A, 6B and 6C are views show ng a separation nmethod of the
conposite nenber according to - 13 -
t he present invention. : Fig3 7 is a schematic view of a water
] et devi ce. Fig. 8 is a sectional view of the
conposite 5 menber of the present invention. Fig. 9is a
characteristic diagramshowi ng a porous thickness and an anodi zati on
current. a characteristic diagramof porosity

of a second Ia§8? PEFEFP&egPXQPﬁF8Rness of a first 10 | ayer.
Fig. 1l isasectional pyhew;ofst ResEERALitCyiew ofMBThAkRCGREAING L0 an

enbodi mrent of the presen I nventi on. gs. 12A, 12B
and 12C are vi gegisRowing a 15 conventional preparation nethod of a

sem conduct or substrate. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Fig. 8 is a seckiBfalléibn &€ #he sempbenge vi ews of
a 20 conposite nenber according to one enbodi ment of the. pr esent
I nventions member of the present invention.

Fig. 9 is a characteristic diagram showing a
porous thickness and an anodization current.

Fig. 10 is a characteristic diagram of porosity
of a second layer relative to thickness of a first

10 layer.

Fig. 11 is a sectional view of thé composite
member according to an embodiment of the present
invention.

Figs. 12A, 12B and 12C are views showing a

15 conventional preparation method of a semiconductor

substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1A to 1C are sectionai views of a

20 composite member according to one embodiment of the
present invention.

The éomposite member is formed by bonding a
first base substrate 1 and a second base substrate 2 to
each other, and a separation area 3 is formed inside.

25 Here, the first base substrate 1 is bonded in such a
manner that a layer 4 formed on the separation area 3

abuts on a surface of the second base substrate 2, and



The conposite nmenber is formed by bonding a first base substrate 1

and a second base substrate 2 to each other, and a separation area 3
is formed inside. 25 Here, the first base substrate 1 is bonded in such
a manner that a layer 4 fornmed on_the separation area 3 abut s
on a surface of the second base substraté 2, and

- 14 - a bonded interface 5 is fornmed. The separation area 3

has a portion 31 relatively high in mechanical strength and a weak
portion 32, and the nechanically weak portion 32 is positioned in a

per i pheral " por 4 8nfbat BitaeacO8PIS EBBADC! ThACLEBASERLOROBEEANSO! the

separati on rea e case of separating the conposite nenber,

since the portigg §2p_5%lt%'hvghyrb@\é{thﬁ}e&?chaahcah mechang$ba@n@kRehgth
positioned in the peripheral portion of the conposite nenber, the
portion 32 is hhash weakkpdreionlB2, ekl apecflechadithtlyepanti on of the

conposi te nmenber Is thus facilitated. Mor e
specifically, pogtidA SRois pbsttibaed in appetriphePdlopoztponoos wheeri al
high in porosity is formed in the peripheral portion of the

separ ati oA ar egompbsit® meinberm(perilphekadsporkioneofh&hgoseparagions a
porous material lowin porosity is formed in a central .. _portion, so
that the porti 8%e82-| odal thel e@senof sepaxatpngi the sePeR§ike BSPP8¥ided in
t he peripheral - ortion.. Fig. 2A_shaows _positiqgns of the chanical ly
20 st rong aﬁ&“ﬁ?aﬁgﬁoPPFﬁﬁgns%? §?1Fﬁlyﬁé§c§ﬁﬁo§Pt@eﬁgﬁﬂéFgE '

strength is positioned in the peripheral portion of the
composite member, the portion 32 is first cracked or

10 collapsed, and the separation of the composite member
is thus facilitated.

More specifically, Fig. 1A shows that the
portion 32 of a porous material high in porosity is
formed in the peripheral portion of the separation area

15 3 uniform in thickness, while the portion 31 of a
porous material low in porosity is formed in a central
portion, so that the portion 32 locally low in
mechanical strength is provided in the peripheral
portion. Fig. 2A shows positions of the mechanically

20 strong and weak portions 31, 32 in the composite member
as viewed from top. Numeral 7 denotes an orientation
flat provided as required. Additionally, as shown in
Fig. 2B, the mechanically weak portion 32 may be
partially formed in the outer periphery of the

25 composité member, instead of being formed in the entire
outer periphery. The mechanically strong portion is

larger than the weak portion. Fig. 1B shows the



as viewed fromtop. Nuneral 7 denotes an orientation flat provided as

required. Additionally, as shown in Fig. 2B, the nechanically weak
portion 32 nmay be partially formed in the outer periphery of the 25
conposite nenber, instead of being forned in the entire out er

peri phery. The nechanlcally strong port}®mis | arger than the weak
portion. Fig. 1B shows the - 15 -
mechani cal ly weak portion 32 formed in the peripheral portion by
maki ng non-uni formthe thickness of the separation area 3 of a porous

terial i f P Fi 2B,
Pﬁeerga gth?%%EEQnﬁﬁelb%rgégﬁ 8551?%?%%df6£m€%e Sut héspép 5£€}pkgry in
the plane of thF%Egﬂrﬁ% BQkfﬁSangn fhfform. thel€h§£ﬁN§s§h§f”€ﬁQan|Ca'|y

weak portion 3 Inmplanting ions to forma portion having a

large ion g%é@%ﬁt h?&aaﬁbaﬂtal Poib8s PeatehesBl ugOEdr@NinAl so in 10
this case, as sh wn in Fig. 2B, the nechanically weak portion 32 may
partially be fgepeBdikg.t ha1ayt Eﬁ this c@€é&] pasrghdynl| deaFiy. | 2By etbéng the
ion inplantation anount . When hydrogen ions or rare gas ions are

i mpl ant eds andparpiedeser magedathtabdy beeformed is thé ouperforned,

m crocavities are generated Therefore, a portion in_which the ions

are injected i peighery in tbennéﬂnﬂapfoﬁhﬁaﬁebér¢5¥ﬁﬁda¥ﬁ@o3a pbiGus
portion high in or03|tg The nechanlcaII¥ weak paortion 32 may
| ocal |y be for #6dshpwsethengephgniralhg perbsPeyting 3§0f°rm?ﬂlb¥ness of

t he porous material than the other
implanting ions to form a portion having a large ion

implantation amount in the peripheral portion. Also in

10 this case, as shown in Fig. 2B, the mechanically weak
portion 32 may partially be formed in the outer
periphery by locally increasing the ion implantation
amount. When hydrogen ions or rare gas ions are
implanted, and a predetermined thermal treatment is

15 performed, microcavities are generated. Therefore, a
portion in which the ions are injected in high
concentration may be formed into a porous portion high
in porosity. The mechanically weak portion 32 may
locally be formed by setting higher the porosity and

20 thickness of the porous material than the other
portions. Moreover, the mechanical strength of the ion
implantated portion may be lowered by locally
implanting the ions into the separation area formed of
the porous material and making fragile the perous

25 material. That is, it is preferable to appropriately
combine the characteristics of the structures shown in

Figs. 1A to 1C.



portions. Mreover, the mechanical strength of the ion I npl ant at ed
portion may be | owered by locally i nmplanting the ions into the
separation area fornmed of the porous material and making fragile the
porous 25 material. That is, it is Ereferable to appropriately

conbine the characteristics of the strut®ures shown in Figs. 1A to
1C - 16 - Preferably
used as the first base substrate 1 of the present invention is an S
wafer or a plate-Ilike * sem conductor wafer of Ge, SiGe, SiC, GaAs,

GaAl As, I nP, Gah%?éf&?&?%%f&s?dtﬁs he fi st'ﬂaﬁgdéﬁbgﬂrgeetme sarme

sem COﬂdUCt or wafer I rst ase substrate 1, a quartz

gl ass, r 6% Bnah ?&segtamﬁ%aﬁeibﬂsyga&hnslbaaferaas 8 platsleske
steel or another neta ase substrate nmay be used as t he second

base substrat egdmicdlductor waferBe 68N-pRGEYSSiayecansef eaabhy, conpri ses
a single layer or a plurality of layers forned of a mat eri al

sel ected from the,gcaMpogosheslLirg.of the sane sem conduct or
materials as those for use in the first base. When the conposite
menber isS5separated toInlBddipiepate She sabet samécoadgcﬁgreWéif%t as
sem conduct or | ayer is preferable A layer 6 is
preferably forkbatopfathengirgti hgse subskrpsei i), 2aqeBrFacILFESmat eri al ,

or another materi al di fferent f[on1the_nater|al of the | ayer, 4.
resin sheet or another insulating base, and stainless

steel or another metallic base substrate may be used as
the second base substrate 2.

10 The non-porous layer preferably comprises a
single layer or a plurality of layers formed of a
material selected from the group consisting of the same
semiconductor materials aslthose for use in the first
base. When the composite member is separated to

15 prepare SOI substrate, a single-crystal semiconductor
layer is preferable.

A layer 6 is preferably formed of an insulating
material, a conductive material, or another material
different from the material of the layer 4.

20 Furthermore, the first and second base
substrates are preferably bonded via an insulating
layer or an adhesive layer.

Figs. 3A and 3B are graphs relatively showing
distributions of mechanical strength in the plane of

25 the composite member.

A solid line 10 shows a mode in which the

mechanical strength gradually increases from a left



20 Furthernore, the first and second base Substrates are
preferably bonded via an insulating | ayer or an adhesive | ayer.
Figs. 3A and 3B are graphs relatively show ng di stributions of
nmechani cal strength in the plane of 25 t he conposite nmenber.

A solid line 10 shows a node in which-thé - mechani cal strength
gradual ly increases froma |left : - 17 -
edge of an outer periphery LEL toward a center 0 of the conposite
menber, and a portion between positions LE2 and RE2 including the

center 0 has the Lowest  o..-echagical shiepghbraAadasheds! pngelinghovs a

node in ren as an | ermttent

transition bet u ri r n pP8hsphepal edge
LE1 and p03|tlgﬁﬁgg%gtge%%égﬁgouggg 4 5Q§E§§§.Bﬁ§?§%“e3821551 and position

RE2) and a Cenhhﬁ'aﬁz inclein %ntﬁhreahﬁeilDlﬁasLEBetmoﬁEBt A broken line
12 10 shows a node in which the nechanical strength . continuously

i ncreases frompebfagitcan perepgthal @adgashed lihE&ll1REhowswargofibeinent er
0, and the nechani cal strength takes a maxi mum val ue only at ‘the
center 0.5 which the meehbind cadlesemrengthehasoan intezmpreentabl e t hat

15 the mechanical strength froma position 5 mminside the out er
peri pheral edgéransddhiposbesweerban D@tﬁﬁepgﬁﬁﬁhery (betpyeenpRBESF edge of
the separation area be locally | ower the nmechanical strength in
the central poPerdpheral edgrefi&dl; gRd P@SFF§°n3hE2thEe§¥ﬁ§Pa?P5ﬁrarea is

preferably
peripheral edge RE1l and position RE2) and a central

portion (from position LE2 to RE2). A broken line 12
10 shows a mode in which the mechanical strength
continuously increases from the outer peripheral edge
LEl, REl toward the center 0, and the mechanical
strength takes & maximum value only at the center O.
In the present invention, it is preferable that
15 the mechanical strength from a position 5 mm inside the
outer peripheral edge of composite member to the outer
peripheral edge of the separation area be locally lower
than the mechanical strength in the central portion.
Referring to Fig. 3A, the separation area is preferably
20 formed as a thin layer in such a manner that the
position 5 mm inside the outer peripheral edge of the
composite member is between LE1l and LE2 and/or between
RE2 and REl.
Furthermore, when a large-diameter composite
25 member is separated from its outer peripheral edge
toward the center, there is a case where the central

portion of the composite member cannot be separated as



20 formed as a thin layer in such a manner that the position 5 mm

I nsi de the outer peripheral edge of the conposite nmenber is between
LE1 and LE2 and/or between RE2 and REL. Furt hernore,-
when a | arge-di aneter conposite 25 menber is separated fromits outer
peri pheral edge toward the centel8 there is a case where the central
portion of the conposite nenber cannot be separated as

- 18 - desired. In this case, a nechanically weak portion nmay

|l ocally be fornmed in the central portion. Fig. 3B shows an exanpl e of

such mode, in g gh POl Q4 ﬁlasﬁbe%se Bﬁiegpfgywagﬂ £B8BEE6n haf

donut - shaped “tion I N Nec anlca tren

Wen a por ous '%\e%r HisGd:ARdl I% 2ABAERRLEAL portiofl eaplghesﬁorosi ty of

t he nechanlcally weak perip portion’is set to 20% or nore,
preferably 35%§%waPHﬁ example ¥#dstiB@ WBBE! LhnWwhieh bhpopeiesaity nay be

80% or | ess. The porosity of the nechanically strong central
portion is not Hdtme'féiﬂ peilphiegyaandt centeeyet .khanat Aahut-shapedf the
peri pheral portion, but may be sel ected preferably fromthe range of

5% to 35%5 nor @oxtdioer abliys high inf mechshdcrangerehgs®.to 20%in such a
manner that the 15 porosity becones |ower than that of the peripheral
portion. Wien a differ &hea jian poarusi pver 3% usefdpps, the sepagpéiepably 10%
or nore, a difference of nechani cal strength sufficient for easily
separ ati ng t he 3&&®odihe porosity of the mechanically weak peripheral
portion is set to 20% or more, preferably 35% or more,
and the upper limit of the porosity may be 80% or less.
10 . The porosity of the mechanically strong central
portion is not limited as long as it is lower than that
of the peripheral portion, but may be selected
preferably from the range of 5% to 35%, more preferably
from the range of 5% to 20% in such a manner that the
15 porosity.becomes lower than that of the peripheral
portion. When a difference in porosity is 5% or more,
preferably 10% or more, a difference of mechanical
strength sufficient for easily separating the composite
- member can be obtained in the peripheral portion and
20 the centfal portion.
Additionally, in Fig. 3B, the portions M are
mechanically strong. Therefore, when the separation
area is formed of the porous material, the porosity of
the portion M, i.e., the portion'having the maximum
25' value of mechanical strength may be set low in the

range of 5% to 35%, preferably 5% to 20%, in the same

manner as the porosity of the central portion of Fig.



menber can be obtained in the peripheral pdrtion and 20 the central

portion. . Additionally, in Fig. 3B, the portions Mare
mechani cal ly strong. - Therefore, when the separation area is forned
of the porous material, the porosity of the portion M i.e., the
portion having the nmaximum 25 value b® fechanical strength may be set
low in the range of 5% to 35% preferably 5%to 20% in the sane
manner as the porosity of the central portion of Fig.

- 19 - 3A : The porosity of the center O in Fig. 3B
needs to_be higher than that of the portion M and may

appropriately Bé'selected fromthe range of 20%to 80% 5 to satisfy
such rel ati onshi p. ?E% gorosit 5§’tﬁ€ecgﬁ£8§'?yig ﬁ%@_ogBtggeggrous

mat eri al i ndi ca a propoftron of pore volume In~an apparent
volume of the EBrBHShﬁﬁﬁéf'gkanT@ﬁaeoéggtB¥ 8rtion M, 8RaEmgpted in the
INg a

foll ow ng equation us ensity m of the porous material forned on
the first baseapproprift@si Btesaldcledepsbhy tik0otafg80o8fPR08USONBOGI i al !
P={(M- m [errf M x 100 (99 (1) Here, the density m.of the

por ous negeri akoi 8atisfy sabharatdthbynghipdi ng an apparent weight G of the
porous 15 mat eri al including pores by an apparent volune V of the
porous material includHegethéhpopespsaty Pephesefit tHeaporous matekliaws:
m= Glerr] V (2)
indicates a proportion of pore volume in an apparent
volume of the porous material. The porosity is
represented in the following equation using a density m
10 of the porous material formed on the first base
substrate and a density M of a non-porous material:
P={(M - m) =+ M} x 100 (%) (1)
Here, the density m of the porous material is
obtained by dividing an apparent weight G of the porous
15 material including pores by an apparent volume V of the
porous material including the pores, and represented as
follows:
m=G=+V (2)
In practice, the porosity P of the porous layer of the
20 base substrate in which only a depth 4 on the side of a
surface has a porous layer strudture can be obtained
from the following equation using a weight A of the
base substrate before the porous layer is formed
thereon, a weight a of the base substrate after the
25 porous layer is formed thereon, and a weight B of the

base substrate after the porous layer is completely

removed therefrom:



In practice, the porosity P of the porous |layer of the 20 base

substrate in which only a depth d on the side of a surface has a
porous | ayer structure can be obtained fromthe foll ow ng equation
using a weight A of the base substrate before the porous layer is

f or med thereon, a weight a of Th&0base substrate after the 25
porous | ayer is forned thereon, and a weight B of the base substrate
after the porous layer is conpletely renoved t herefrom

- 20 - P= ((A- a) [err] (A- B)) x 100 (3)

A et hod of preparing Lhe osite. ergwll 10 next (pe¢ descri bed.
First, the first base gubs ?gPe ésofngngiBy% waf er or t%e?like S

prepared, and the sepapaphb@Hod’ 82 prepar§n%5tﬁ8rBEHpQQiﬁéeméHBéﬁcﬁiDi t he
first base substrate 1 or at a predeferm ned depth fromthe surface.

Exanpl es of thgefet Bedakgeribealng the separati on area i ncl ude a

met hod of making the surface of the first 10 base substrate 1 porous by
anodi zation or the |ikPirst, thandiostabasehsdbstratel inbfngnh§idrogen ions,
rare gas ions, or the like different fromconstituting el enments

of the baSe sutvsfeat ert théolikenisopreppradt eanflaghe separatgpnhazednxi num
lon inplantation concentration at the 15 redeterm ned depth fromthe
surface of the3fipsformed on the supfpegt ef1thenhEirgthhasreafrystiEakeporti on

is forned in the perigheraL gortion b¥ controlling t he conditions
1 or at a predetermined depth Irom the surface.

Examples of the method for forming the separation area
include a method of making the surface of the first

10 base substrate 1 porous by anodization or the like
and/or a method of implanting hydrogen ions, rare gas
ions, or the like different from constituting elements
of the base substrate to form an ion-implanted layer
with a maximum ion implantation concentration at the

15 predetermined depth from the surface of the first base
substrate 1. The mechanically weak portion is formed
in the peripheral portion by controlling the conditions
of the anodization or ion implanting with procedures
described later.

20 Subsequently, the hon-porous layer 4 is formed
on the separation area 3 if necessary, and the second
base substrate is bonded. In the case of implanting
the ions, a surface layer of the first base substrate
constitutes the non-porous layer 4 as it is. When the

25 surface of the first base substrate 1 is made porous,
the layer 4 is formed thereon by sputtering or CVD.

‘Subsequently, the non-porous layer 4 is bonded on the



of the anodization or ion inplanting wth procedures descri bed
later. 20 Subsequently, the non-porous layer 4 is forned

on the separation area 3 if necessary, and the second base substrate
is bonded. In the case of inplanting the ions, a surface |ayer of
the first base substrate constrtéles the non-porous |layer 4 as it

Is. Wien the 25 surface of the first base substrate 1 is nade porous,
the layer 4 is formed thereon by sputtering or CVD. Subsequent |y,

t he non-porous |ayer 4 is bonded on the

- 21 - b t t f h k |y
or via the insﬁﬁésﬁﬁgg?ggzguéggsa reﬁ W reéroéhé flké 19&&%%%
thus conpl eted,, via the 1nsul£@1ﬁ n?%ggg goésfgég%ﬂge&he @ﬁéous I ayer 5

| ocal |y Iom1|n Fechani cal strengt current of
anodi zati on 'ScSHﬁBQQ@e'ﬁehbérpkénéhughéambméted den5|ty of anodi zation

current flowng into the peri phéral portion of the sem conduct or
substrate is SetlhlEhméﬁhbbefﬁﬁrfabﬁiﬁb pR&t pepoas Lhgebase, the 10
t hi ckness and/ or porosity in the peripheral portion of t he base
substrat esof thecpalguiowayarmeahahécahdstrength, htheecurhanti denkétyentral
portion of the base. To realize the current density distribution,
for exanple, of anodiratgonhdsasbangadi dn, thespdanenal WaeBathen which ion
15 current flows, in _an anodization liquid _ in the vicinity of the

base substrat edenBisyt 0f pBofhgatsPRRENERENE §4PWing intpather than an area

of 'the base substrate subjected to
peripheral portion of the semiconductor substrate is

set high in the peripheral portion of the base, the

10 thickness and/or porosity in the peripheral portion of
the base substrate of the porous layer can be made
higher than in the central portion of the base. To
realize the current density distribution, for example,
during the anodization, a sectional area, ip which ion

15 current flows, in an anodization liquid in the vicinity
of the base substrate subjected to the formation is set
larger than an area of the base substrate subjected to
the formation. Thereby, a surface density of
anodization current flowing into the base substrate

20 peripheral portion may be set higher than a surface
density of anodization current flowing into the base
substrate center. Specifically, an anodization'bath
larger than the base subsfrate subjected to the
formation is used, so that the ion current having a

25 sectional area broader than the area of the base
substrate is received by the base.

Fig. 4 is a schematic view showing a device for



the formation. Thereby, a surface density of anodi zati on current

flowng into the base substrate 20 peri pheral portion may be set higher
than a surface density of anodi zation current flowing into the base
substrate center. Specifically, an anodization bath | arger than the
base substrate subjected to the - $érmation is used, so that the ion
current having a 25 sectional area broader than the area of the base
substrate is received by the base. Fig. 4 is a schematic

vi ew show ng a device for - - 22 -

use in anodi zat,iLQn4 ' umegal 1 den su

for the anoding%o%P %thggﬁﬁggg'a 18 Flgéagﬁoggﬁérgét%8ée?5§82g§§%otegpa%

anode el ectrodec aBter suppiP4fotOendennbaizatybatli n102supaetks hor
supporting the 5 treaFed base substrate 1. The base substrate 1 is

engaged i n receathodel elbetsbAp)r 1931dénotes. ahuanbak electrddé,deandt es an

I nsul ating bath bottom The area of the el ectrode 102, 103 is about
1.2 to 3.0 tim94, 105 dpneter dbbsyulatingospporitseforheuppeatihgt lfhef i r st
base 10 substrate 1. In the structure, when ions flow ng from

t he outsi §e vi &reladedubesepsubgtzaie ddgeTbe basepgybstrate lsiBstrate are
collected in the base, nore ions flow into the peripheral portion of
the base, and eRgaged in FRLERFESs O&n¥hEoFYPPLY LS 10e pOPous NMEEER1Of t he
S e e A o 0 58138 ng bath bottom. FHG'BECIPGE oMY € 2

electrode 102, 103 is about 1.2 to 3.0 times,
preferably 1.3 to 2.0 times the area of the first base

10 substrate 1. In the structure, when ions flowing from
the outside via the outer peripheral edge of the base
substrate are collected in the base, more ions flow
into the periphéral portion of the base, and the
thickness and porosity of the porous layer of the

15 peripheral portion can be raised.

Furthermore, while a plurality of stages of
anodization are performed, the peripheral portion of
the first porous layer is formed thicker than the
central portion. Therefore, the porosity of the

20 peripheral portion of the second porous layer formed
later can be made higher than the porosity of the
central portion.

When such distribution of flowing currents
needs to be controlled more precisely, a current guide

25 is provided in the vicinity of the base substrate
-subjected to the formation for controlling the

distribution of ion currents flowing into the base



anodi zation are perfornmed, the peripheral portion of the first

porous | ayer is forned thicker than the central portion. Therefore,
the porosity of the 20 peri pheral portion of the second porous |ayer

f or med | at er can be nade hi gher éhan the porosity of the

central portion. Wien Suff @istribution of flow ng currents
needs to be controlled nore precisely, a current guide 25 I s provided
in the vicinity of the base substrate subj ected to the formation for
controlling the di stribution of ion currents flowng into the base

- 23 - sublRELER! Qupdhbace. wKUANchBe1bANCGREERR! adbeii blYLOAN

I's controll ed, I stribution of thickness of the |ayer wth a snal

porosity can bgsCEBhEQBEQQd a distributioMhes theckagses berwhd byyebe ion
inplanting in 5  which mcrocavities can be obtained is used as the

separation aregithha sma@lopoftesitiyycah becconaroliled. or the

t hi ckness of distributed mcrocavities can be I ncreased by raising
an ion inplanting densiwhen sbet Bayer formeghbyntbrahPoaimplrekgng &n the

area can be reduced. 10 Therefore, when the ion inplantation

amount of 5 Whlphemb§§90§ﬁb§@ﬁ§t@apePPpﬁBFQFnﬁGr%Foﬁsﬁg §§tnB§rger

than that of the base substrate central port.ion,

nsi.ty of
m crocaviti es FEPAFALOPoRERE ot NPHELESET den51t¥u8§tWéFEOﬁQVF%ﬁ§¥aI

portion is raised, and th an be made higher thap that of
t he base org b B?tFQPEﬁegﬁFrSF §6F F6ﬁp%eg microcavitias can’Be

increased by raising an ion implanting density, so that
the mechanical strength of the area can be reduced.

10 | Therefore, when the ion implantation amount of
the base substrate peripheral portion is set larger
than that of the base substrate central portion, the
density of micrécavities per unit volume of the base
substrate peripheral portion is raised, and the

15 porosity can be made higher than that of the base
substrate central portion.

Fig. 5 is a graph showing an in-plane
distribution of porosity in a diametric direction of
the porous material obtained in the method shown in

20 Fig. 4.

As the porosity increases, the mechanical
strength decreases. Therefore, Fig. 5 shows a pattern
vertically reverse to the pattern shown by the solid
line 10 of Fig. 3A. When the ratio of the area of the

25 electrode 102, 103 to the area of the base substrate is
sufficiently large, a pattern shown by a solid line 15

is provided. When the ratio of the area of the



Fig. 5 is a graph showi ng an in-plane
dianetric direction of the porous naterial obtained in the nethod

di stribution of porosity in a

shown in 20 Fig. 4. As the porosity increases, the
mechani cal strength decreases. Therefore, Fig. 5 shows a pattern
vertically reverse to the pattern shoWnZGy‘the solid line 10 of Fig.

3A. When the ratio of the area of the 25 el ectrode 102, 103 to the area

of the base substrate is sufficiently large, a pattern shown by a

solid line 15
- 24 -

t endency shown enlf
with a high por&%&e\ﬁcﬁﬁ%ﬂd&i&b?eé%@&‘én line 114 URe cheriipler.al mertion.
ing a po \ '

_ _ _ _ _ ous layer wth a mechani cal strength
di stribution shwhdd) nfdteribA @ity a high Porodasfeddn bkl bef forged3A

A techni que for prepa

is provided. When the ratio of the area of the

oken |1 ne I'S provi

wi || next be descri bed. - Afirst method is as foll ows:

mask for ion inpl aMeatgeripiendlotporadiosi. 10 pattern is provided only on

t he outer peripheral portion of the base substrate 1, while boron

ions are 5

having a | ow boron ion concentration locally in the outer periphery
i s subjected toneghafiical Gtuengty &istrdbutdon: shesw Hay iFig-sdfseamdival |y

i nj ect e\ ttedhird quentficdl prepaErdmg Fhedreys J@year sidh a

the sane area as that

10

15

20

25

the dasﬁgd line 11 of Fig. 3A will next be described.
A first method is as follows:

A mask for ion implantation or photoresist
pattern is provided only on the outer peripheral
portion of the base substrate 1, while boron ions are
injected to the central portion. The base substrate
having a low boron ion concentration locally in the
outer periphery is subjected to anodization using an
electrode having substantially the same area as that of
the base, and the porous layer is prepared in which the
outer peripheral portion has a high porosity while the
central portion has a low porosity.

A second method is as follows:

The central portion of the base substrate
excluding its outer peripheral portion is covered with
wax or another mask resistant to the anodization, and
general anodization is performed under a high current
density to make porous the outer peripheral portion.
Subsequently, the outer peripheral portion is masked,
and the general anodization is performed under a low

current density to make porous the central portion.

e'cg&tbo[aoﬁf%t %&eh%f%%e%fofthghgggés %hug%la&%t 9d smafal | 4 @

porous nateri al

5

A



t he base, and the porous layer is prepared in which the out er

peri pheral portion has a high porosity while the central portion has
a |l ow porosity. A second nethod is as follows: 20

The central portion of the base substrate _ excluding its outer

peri pheral portion is covered with wax or another mask resistant to
t he anodi zati on, and general anodi zation is perforned under a high
current density to make porous the outer peripheral portion. 25
Subsequently, the outer peripheral portion irs masked, and the

general anodi zation isjipeaf ehied MeERbd2 h@®er a unifubimepbrdessiayeiro make
porous the central portion. - 25-

In a third net hed foriedr by thief gemepraloanoddyation, onily ftbenpdrbgitire
general anodi zation, only the porosity of the outer peripheral
portion is rai ofdthe owter periphpeiradt ppgtivhedst maigedt bvbdehron of ion

I npl antation 5 amount is controlled, the porous |ayer having the
strength di stribplieoting .shitwen #hei §éstzAbutpopgpfpdon implapiptdg@ny t h
good control lability. . Additional lLy, in_res ec& of the
manuf act ufe  amountyds copETRddRsa §ﬁ&wﬁ°FH“Pi&?Y$ri?aNBB§ G€ant ageous

L0 post T SR Syt vpion s, anflf R85, PRSI Be
gifg:Léd to foFﬁFpﬁg ﬁ%§§ ﬁdﬁgggﬁfﬁ?&igﬁ§2§% éﬁsgrsugztratfaLZ gas ions
are inplanted into the  gRfiifienadikACen0frespect of the manufacture
cost, the method shown in Fig. 4 is more advantageous
10 than these methods.
A method of preparing the composite member
shown in Fig. 1C will next be described in more detail.
An Si wafer or another base substrate is
oxidized to form the insulating film 6. Hydrogen or
15 rare gas ions are implanted into the entire surface of
the base substrate with a predetermined acceleration
voltage. The central portion excluding the outer
peripheral portion is covered with a photoresisf mask
pattern, and the ions are again implanted into the
20 outer peripheral portion with the same acceleration
voltage. The separation area 3 having the mechanically
weak portion 32 can be formed in this manner. After
the mask pattern is removed, the insulating layer 6 is
bonded onto the second base substrate 2. Each of doses
.25 in first and second ion implanting operations is set in
the range of 10%cm™ to 10”cm4, while a concentrafion

of different atoms in the mechanically weak portion may



t he base substrate with a predeterm ned accel eration vol tage. The
central portion excluding the outer peri pheral portion is covered
wi th a photoresist mask pattern, and the ions are again inplanted
into the 20 out er peri pheral portioa with the sane accel eration

vol tage. The separation area 3 having~t & mechani cal | y weak portion
32 can be formed in this manner. After the mask pattern is renoved,
the insulating layer 6 is bonded onto the second base substrate 2.
Each of doses 25 in first and second ion inplanting operations is set

| n the i:a“%%tofiplgihfa][ rhrgke bl 160ch &g liow@®] . while a

concentration 0 erent atons in the nmechanically weak portion

may A method of separating6the compositiemémbeirnfblke
range of 10[err]cnferr] to 10[err]cnferr]. A et hod of
separati ng thewenasithe peelentf dhventionugdlinnelke peedestcribednti 8n will
next be described. A node of separating the conposite nenber shown in
Fig. 5 1A widde loF sepamratrdtgashencompepliste magberoshown tngFig. 6A,
an inner stress generated. by thernmal treatnent or the |like or an

ext ernal for ce 1As widdd bep desgaiked gisean exampdgnrpoldBt EPRERDLAP. FRLE -t he
separation area 3, since the periphera% gortion 32 locally has a | ow

S

mechani cal 1062, &y dRGER, SHSSS gereratsA B HeEFa&rﬁEﬁéﬁmenEiQF 6A
shows that a %g&ék% b%b%g?%%%%%n%ﬁgfar%gigg %%%dl%o segaga%gp%hgd to

separate the p | base strate 1 from

the second bas %o?n'f:%%tirt%t ﬂ\e%fber . In %'1‘1%5 gggg%ltxonagragogﬁ) bEnElag th@B, the

conposi te nenber
peripheral portion 32 locally has a low mechanical

10 strength, it is first collapsed or cracked. Fig. 6A
shows that a wedge 110 is inserted and a force 111 is
applied to separate the peripheral portion of the first
base substrate 1 from the second base substrate 2.
Subsequently, as shown in Fig. 6B, the composite member

15 is divided into two. When a residual layer 37 of the
separatién area 3 remaining on the non-porous layer 4
is relatively thick} the residual layer is removed by
polishing or etching. Subsequently, thermal treatment
(hydrogen annealing) is performed in an atmosphere of

20 hydrogen if necessary. As shown in Fig. 6C, the base
substrate 2 provided with the layer 4 having a smooth
surface is obtained.' For use in a solar battery, fhe
residual layer does not need to be removed.

Examples of the separation method of the

25 composite member usable in the present invention

include pressurizing, pulling, shearing, wedge

insertion, thermal treatment, vibration application,



15 Is divided into two. Wen a residual |ayer 37 of the

separation area 3 renmai ning on the non-porous |ayer 4

Is relatively

thick, the residual layer is renoved by pol i'shing or etching.
Subsequently, thermal treatnent drogen annealing) is perforned in
an at nosphere of -~ 20 hydrogen if nécédsary. As shown in Fig. 6C, the

base

substrate 2 provided with the layer 4 having a snooth

surface is obtained. For use in a solar battery, the resi dual | ayer

does not need to be renoved.

Exanpl es of the separation

method of the g8 C\&gﬁqﬁ' end RO Hlthdd ' dURIRad ¥eNt] On

I ncl ude pressuri zi ng

ng, shearlng wedge I nsertion, thernal

treatment, vibraddaesdPd et Application Laid-open No. 7-302889. - 27
wire cutting, and various nethods as disclosed in Japanese

Pat ent Appl i catAddl tiorthlIRen d¥ . propifEBin JapaneidxiRatert | y, as proposed

I n Japanese Patent Application No. 9-75498, the bonded first and

second 5 basxp;slnhﬁtmmsiamw-weﬁ%artataacbdnﬁaﬁ &igtalr @Ang ysegond

menbers in a separation area other than a bonded i nterface 2¥

sprayi ng f3 ui d kasejsstrptey Mawfbe |sgrarated iyq fe BAYERHEY & a side

face of the separatlon ar ea. The jet of fl ui use in

separation in tRREPeXs in & RGRALFRAGH |"‘b""r?acé?F a0 Z% Od'%esdgoutl ng

pressurized flujd vi

t.hin nozzl e.

d
i ntroduced in "W‘Eee‘?faaféef "BX/FPraying, 'S eJ&é‘bté'r}F qgd“fuaf«:jﬂ“ K a

nmet hod for spoutl ng,&

fluid jet

10

15

20

25

N ity of aSpsei% UL YA Sdd Mo eats, |0 the

The jet of fluid for use in separation in the

present invention can be realized by spouting
pressurized fluid via a thin nozzle. A fluid jet

method, as introduced in "Water Jet" Vol. 1, No. 1,

page 4, can be used as a method for spouting a high-

speed high-pressure flow of beams. In the fluid jet

usable in the present invention, a liquid with a high

pressure in the range of 100 to 3000 kgf/cm’ pressurized

by a high-pressure pump is spouted via a fine nozzle

with a diameter of about 0.1 to 0.5 mm, so that

ceramic, metal, concrete, resin, rubber, wood or

another material can be cut (abrasive is added to water

for a hard material), or worked. Additionally, a

coating film of a surface layer can be removed, or

member surfaces can be cleaned. In the conventional

water jet method, it is a main effect to remove a part

of the material as described above. Specifically,

in

the water jet cutting operation, a cutting width of a

main member is removed, coating films are removed,

or



15 usabl.e in the present invention, a liquid with a high - pressure
in the range of 100 to 3000 kgf/cnierr] pressurized by a

hi gh-pressure punp is spouted via a fine nozzle with a diameter of
about 0.1 to 0.5 mm so that ceram c, netal, concrete, resin,

rubber, wood or 20 anot her materi al 28an be cut (abrasive is added to
wat er for a hard material), or worked. Additionally, a

coating filmof a surface |ayer can be renoved, or menber surfaces
can be cleaned. In the conventional water jet method, it is a main

ff al
e Nt it e dth of

a - main g@g%gg ES renoved, coating filns are renoved, or
- 28- fer sarfaces are cl eaned by renovi ng unnecessary

portions. WhgheQaW@EeﬂekeEs'ﬁsHae@oth§ﬂrﬁhéthﬁhalQlBhOW
according to the present invention, the conposite menber can be

separat ed by SB@ébkaﬂnthoWQhérpkébeh@ inventlibf, Stﬂe temposftehe
separation area. In this case, the side-face of the separation area

Is first exposmémber cahObkhsephattatkdcbyotpbheihgntibed twater ged the wat er
] et Is directly spouted to the exposed portion or its 10
peri pheral porthensidéhéncet b Ithecsepbretion prea. Insgbasacegeinto two

wi t hout bei ng damaged, while onlg the mechanically fragile separatlon
area is reaneGhEySlde fagpeOfattbe FEParRBiepyareaectenfirsthexergedf ace of

t he
to the side face of the bonded base, and the water jet

is directly spouted to the exposed portion or its

10 peripheral portion. Then, the base substrate is
separated into two without being damaged, while only
the mechanically fragile separation area is removed by
the water jet. ‘Moreover, even if the side face of the
separation area is not exposed beforehand for some

15 reason, and the corresponding portion is covered with a
thin layer like an oxide film, the layer covering the
separation area is first removed with the water jet,
before the base substrate can be separated with the
water jet.

20 Moreover, an unused effect of the conventional
water jet is used. Specifically, jet is spouted to a
redess in the side face of the composite member to
extend and collapse the structurally fragile separation
area, so that the bonded wafer can be separated. In

25 this case, chips of the separation area are hardly
generated. Even if the separation area is formed of a

material which cannot be removed by the jet, separation



separation area i s not exposed beforehand for sone 15 reason, and the

corresponding portion is covered with a thin layer |ike an oxide
film the layer covering the separation area is first renoved with
the water jet, before the base sggstrate can be separated with the
water jet. 20 Mor eover, an ufidséd effect of the conventiona
water jet is used. Specifically, jet is spouted to a recess in the
side face of the conposite nenber to extend and col | apse the
structurally fragile separation area, so that the bonded wafer can be

separated. 1N -2n pe! gE§f8§§t‘éd_ whikRsuef ukhRgSenar abrasiseearapethandl y
generated. Even If the separation area is fornmed of a mat eri al whi ch

cannot - be rendyamaBinghe kBparaepagakueface. _
- 29 - can be perfornmed wthout using the abrasive or wthout

damagi ng a separating guef aterementioned effecthésahotemmnefdmed offect is
not an effect of cutting or polishing, and it can be expected to be
an 5 ef f ectuafringdge pplikbihbui dndsithocan be ekpectad tPhbe an
effect is nuch expected when a force is applied in a, direction in
whi ch t heSsepaeffest @fcwedgepby| sheofiupg as shoWpodpi K9t h8Aet ThéSay
recess formed in the side face of t he bgnded hase. én arder to
sufficiently f&EfeAt dfemueh expgrted; wheReashpESofSt RBPLARE 8¢ of the
conposite Jrenber i g _prefera b concave,. instead.of bein vex.
Fig. 7is a scﬁéﬁ&ﬁ &Oﬂeﬁgpggfpbe% |eﬁpgﬁgﬁﬁﬁﬁn area 1§nP8§%%§|§%%f%X wat er
jet device fors%%%ﬁi%th%e”§EQOQO a recess formed in the side face of
the bonded base. In order to sufficiently fulfill the
10 effect, the shape of the side face of the composite
member is preferably concave, instead of being convex.
Fig. 7 is a schematic perspective view showing
an example of a‘'water jet device for use in the method
of manufacturing the semiconductor substrate in the
15 present'invention. In Fig. 7, a composite member 1 is
formed by integrally bonding two Si wafers, and the
separation area 3 is provided inside. Supports 403,
404 are provided on the same rotating shaft for
adsorbing/fixing the composite member 1 by a wvacuum
20 chuck. Furthermore, the support 404 is connected to a
support base substrate 409 via a bearing 408, and its
rear is directly connected to a speed control motor
410, so that the support 404 can be rotated at an
arbitrary speed. Moreover, the support 403 is
25 connected to the support base substrate 409 via a

bearing 411, and its rear is connected to the support

base substrate 409 via a compression spring 412, so



of manufacturing the sem conductor substrate in the 15 present

invention. In Fig. 7, a conposite nenber 1 is formed by |ntegraIIy
bonding two Si wafers, and the separation area 3 is provided inside.
Supports 4083, 404 are provided og the sane rotating shaft for

adsor bing/fixing the conposite nenber By a vacuum 20 chuck.

Furt hermore, the support 404 is connected to a support base
substrate 409 via a bearing 408, and its rear is directly connected
to a speed control notor - 410, so that the support 404 can be rotated

at an arRhi ar ¥osBeeds Nppeouar int BeagraRetbn498 WwhicRSthe Connect ed
to the support base substrate 4 via a bearing 411, and its rear is

connected to thkappeRRO4D3 is dethahedsgbeir ghe 46fipvsata mempegssi.on spring
412, so - 30 - that a force is
applied in a directionFikswhi thet bempositesmppber 403si sedtetiached from t he
conposite nmenber 1. First, the conposite nenber 1 is set in
accor dance wit hcgopdenteowith pi posigionadg Bin 43dsoebdd/ hel d by the
support 404. Since the conposite menber 1 is positioned by the

posi ti oni Ag plﬁd$98b§ﬁ/§eld by thel supporthéOéent FARCRothPoROBPOEAES
conposi te nmenber can be hel d. Subsequentli t he SURF% % 4%3 S
advanced mP@R&Fdltﬁé peritirprd PKetheaPPRdtA22ing: PLDt A

conposite nenber rbed/hel Then

d
the right is a%ﬁPﬁ 5670 ? SEpS&RT 28§t1°h °fb§BFh8°m895%§§§F%ﬁggp?ﬁﬁg

412. In this C33% b& held. Subsequently, the support 403 is advanced
toward the left along the bearing 411 until the
10 composite member 1 is adsorbed/held; Then, a force
exerted toward the right is applied to the support 403
by the compression spring 412. In this case, a
returning force of the compression spring 412 and a
force of the support 403 for sucking the composite
15 member 1 are balanced to prevent the support 403 from
being defached from the composite member 1 by the force
of the compression spring 412.
Subsequently, water is fed to a water jet
nozzle 402 from a water jet pump 414, and water is
20 continuously spouted for a constant time until spouted
water is stabilized. When the water is stabilized, a
shutter 406 is opened to spout the water (hereinafter
referred to as the jet water) to the side face of the
composite member 1 from the water jet nozzle 402. 1In
25 this case, the composite member 1 and the support 403
are rotated by rotating the support 404. Since the jet

water is applied near the center of the thickness of



returning force of the conpression spring 412 and a force of the
support 403 for sucking the conposite 15 nmenber 1 are bal anced to

prevent the support 403 from bei ng detached fromthe conposite
menber 1 by the force of the compression spring 412.

Subsequently, water is fed to a water 7] - nozzle 402 froma water
jet punp 414, and water is 20 continuously spouted for a constant tine
until spouted water is stabilized. Wien the water is stabilized, a
shutter 406 is opened to spout the water (hereinafter referred to as

the jet water) Sigdeef 3¢e Ak tlMposite MEMBER 16 ®REDEbmpoLLed the
wat er j et nozzf%%4%gaelﬁgE§5% this ngg} Fhe conposite nenbg%ol and the

support 403 membed @ H@! putHhelyektenidead inite TWPP@blvaddditsi peatklhe j et
water is applied near the center of the thickness of

- 31 - friche itisd euftate pefr ipheradnmpositiennyether séparheéioonpoeat e
menber 1 is pushed/extended into two toward its center fromits outer
peri pheral por triediatived ys eeakatinother campositer seaberelly igegRlilarskd,
conposite nmenber 1 is collapsed, 5 and the composite nenber is finally
separ at ed 5i nt o anfjo the coqmqg@;g_member is finallxs sgpaEAiteed 1R%ev&EWOt he j et
water is applied uniformy to the conposite nenber 1. Moreover, while

the support 40®i€G§Sorts the conposite nmenber 1, the 10 force is

exerted toward the right. . Therefare, the . _.separated pieces .of the
conposi te nenber 1 do ﬁﬁ:49%9i¥%e abovg, §Q€h38Fh§g%er is Bppiiad

uniformly to the composite member 1. Moreover, while
the support 403 supports the composite member 1, the

10 force is exerted toward the right. Therefore, the
separatéd pieces of the composite member 1 do not slide
on each other.

Alcohol or another organic solvent;
hydrofluoric acid, nitric acid or another acid;

15 potassium hydroxide or another alkali; or another
liquid having a function of selectively etching the
separation area can be used as the fluid instead of
water. Furthermore, usable as the fluid is air,
nitrogen gas, carbonic acid gas, rare gas or another

20 gas. Gas or plasma having a function of etching the
separation area can also be-used. In the separation
method of the composite member introduced in the
préparation method of the'semiconductor_substrate, pure
water from which impurity metals or particles are

25 removed as much as possible, super pure water or
another water with high purity is preferably used.

Moreover, a completely low-temperature process is



Al cohol or another organic sol vent; hydrofluoric acid, nitric acid
or another. acid; 15 pot assi um hydroxi de or another alkali; or another

| iquid having a function of selectively etching the separation area
can be used as the fluid instead of wat er. Furthernore, usable as
the fluid is air, nitrogen gas, %%rbonic acid gas, rare gas or

anot her 20 gas. Gas or plasma having a function of etching the
separation area can al so be used. In the separation met hod of the
conposite nenber introduced in the preparation nethod of the

seni conduct or gHesbaaked. PUtRerefore, \8v6h ifOothehjeb fIwidisyhaetal s or
particles are 25 renmoved as much as possi bl e, super pure water or

anot her water whah pugh pateryissupedf ethbl ympseiities or pabticles, a
conpletely | owtenperature process is -
32 - canr bduresiovétiebpf oleantngnafter hth¢esepapatiion her t han
pure water is used, the inpurities or particles can be renoved by
cleaning after the sepinathenmethod of sprayingnth@efhdifo@Sof spraying the
fluid as 5 descri bed above, the vicinity of the separation area gf

for

the conpo8ite ABRBELDPPE pPever abh§ YiELRitY PhH the separghtaye®ER3pR

receiving the fluid to produce a_direction in which the
separation ar eXPPsCompo lg éi 2§

Gshig $8§téﬁd@%g%éﬁahTYhEegﬁﬁ%% t@ Fenber forned
) ot s o Hs B AR Bk, FoBR gl e FRLa! o6 aG e

force in a direction in which the separation area is
pushed/extended. When the composite member formed by

10 bonding two base substrates wvia the sepération area is
separated at the separation area, the aforementioned
structure can easily be realized by chamfering edges of
the bases. |

The water jef'or another fluid flow,

15 pressurizing, pulling, shearing, wedge insertion,
thermal tfeatment, vibration application, wire cutting,
and other wvarious methods may be used to apply a
separating force to the separation area formed
beforehand in the composite member and to separate the

20 composite member into two. In this case, the
separation is performed by collapsing the mechanically
fragile portion of the separation area. When the fluid
is spouted to the vicinity qf the separation area, the
mechanically fragile separation area is removed or

25 collapsed by the fluid flow. When the fluid is used,
however, basically the separétion area is removed while

the other non-fragile portions remain without being



structure can easily be realized by chanfering edges of t he bases.
The water jet or another fluid flow, 15 pressuri zing, pulling, shearing,

wedge insertion, thermal treatnent, vibration application, wre
cutting, and ot her various nmethods may be used to apply a
separating force to the separation area33orned bef orehand in the
conposite nenber and to separate the 20 conposite nenber into twd. In
this case, the separation is performed by collapsing the

mechani cal |y fragile portion of the separation area. Wien the fluid

[ ted to th lcinit f_th | hani |1
(ragi | o separaPPORoRPEA-; LABetobeaist. ohe BefifRrabilonn 1o Thia 1 ow
When the f1ui dojsgaH38leousty beBUEKBEnaRARLEALLY GlRaGERG! BhyoN arca is

renoved while e ot ragil e porti-ons refmain w thout being

- 33 - pof@ibAPtREt £8 GsE&SHEter! BReS88PARALEBNCANIN any of

advant ageousl y be perfornmed w t hout danmagi ng any portion that is used
after the sepagfbi fBthblsaNHoRbver, unl88sMeh80d&8pahaveurr areal £8s t he
separation area is 5 sufficiently weak, it cannot be collapsed. For
exanpl e, Bheresuffacieaelyheeaki httsepanati ba eokthapsed. cHonot be
col | apsed or renoved with the fluid flowwth a predeterm ned
pressure. example, th@gesdkva chAsepvwherenthehseparatpersauea of the 10
fluid is raised, not only the separation area but al so t he ot her

portions are c6Rrap$ele Follapanpl er wAeAved with the fluid flow with

a predetermined pressure.
To solve the problem, when the pressure of the
10 fluid is raised, not only the separation area but also
the other portions are collapsed. For example, when
the bonded base substrate is separated, the plate-like
first or second base substrate is cracked. To prevent
this, when the pressure of the fluid is lowered,
15 however, the separation cannot be performed.
| In most of the separation methods, in the
initial separation stage, a solid wedge needs to be
pushed into the vicinity of the surface of the
separation area formed in the composite member, e.g.,
20 the separation area of the portion formed in the
peripheral portion of the disc-shaped bonded base. In
many cases, the separation needs to proceed from the
surface. While the separation fails to proceed, the
portion close to the surface has a small area to which
25 the separating force is applied. A problem is
therefore caused that a surface density of force has to

be raised. This is because the separating force can be



t he bonded base substrate is separated, the plate-like . first or

second base substrate is cracked. To prevent this, when the pressure
of the fluid is |owered, 15 however, the separation cannot be perforned.
In nost of the separation nethods, in the initial separation stage,

. a solid wedge needs to be : pushed3fnto the vicinity of the surface of
t he separation area forned in the conposite nenber, e.g., 20 t he
separation area of the portion forned in the peri pheral portion of
t he di sc-shaped bonded base. In many cases, the separation needs to

broceed from they) 4o +oSWifkAGRpaMIckd L2.£3002" BlikORC dpparhepgoceed, the

. e
portion cl ose e surface has a snma area to which

separating for ' | hed R0 Rl BhieS £ hber ober acpavatdqgthat a
surface densitgfgﬁﬁﬁgggéhﬁégppgl be 5355339 This?is be%ause t he

separating for ghep@RHRe separation proceeds, the area to which thé -
applied to the separated surface, but no separating force can be

appl i ed to the saipairatdmptforeie Sapaba epplied is\leedarigedsepar ati on
proceeds, the area to which the separating force can be applied is
enlarged. 5 5 Thererforer,e evere whene theh sepegartdnion § orgec @p@dplede ot o

the separating surface is increased to facilitate the . separation, the
surface densit jthes sepanadday, swrfadee is incrggseds ¥osfagid ifatecddel y be
prevented from being | br oken (cracked or otherw se) hy the S$Paration.
10 SPPSEESLaNy G ISUTfESe Hensdfy 48 GRCTRRSEHe 2nd the |

base substrate can easily be prevented from being
broken (cracked or otherwise) by the separation.

10 In order to facilitate the separation, in the
initial stage of separation, the mechanical strength
may be lowered by raising the porosity of the porous
layer of the separation area, increasing the thickness
of the porous layer, or increasing the ion implanting

15 amount to increase the amount of generated
microcavities. When the strength is excessively
lowered, however, a disadvantage is caused that in the
process of forming the composite member, the separation
area is collapsed before the separation process.

20 As a result of intensive researches, the
present inventors have found that in order to avoid the
aforementioned disadvantages, the mechanical strength
of the separation area is changed in parallel with the
bonded face, and the mechanical strength particularly

25 of the portion of the separation area close to the
bonded base substrate surface, e.g., the peripheral

portion is set lower than that of the base substrate



initial stage of separation, the nechanical strength may be | owered
by raising the porosity of the porous | ayer of the separation area,
i ncreasi ng the thickness of the porous |ayer, or increasing the ion
i mplanting 15 amount to increase thg amount of generated

m crocavities. Wien the strength is eXc gsrvely | ower ed, however, a
di sadvantage is caused that in the process of formng the conposite
menber, the separation area is collapsed before the separation
process. 20 As-a result of intensive researches, the

present invent yehthave goidnt.nat in order to avoid the

af orenenti oned di sadvant ages, the nmechanical strength of the
separation area is changeahen ipdrdlallelktagehotheeparatiobhondddckathe and t he
mechani cal strength particularly 25 of the portion of the separation
area close to tédma of thebhmepedatade feagkstisasmaddr fade the gepariading

peri pher al portion is set lower than that of the base substrate

- 35 - fonoet cannedy beprincreased, the mephapigalnstrendda§s of
separation, since the . area of the separated face is small and the
separati n@ the separadios Bes A6 £88¥gedy h&ontRRiNtES SEPRERI ™ of 5
the separation area is reduced, so that the separatiaqn .._1s,advanced
with a small fdt&dvaneed §”'rtg‘alai fg‘&q‘gy force. &g‘&&cilﬁg TeRA RS BN cal
strength of the _sgparati,on ar . i Vi Gl Qi .nas
substrate peri ﬁ?éire‘%mg chd ﬁ%ﬁaﬁnc}r?.alPes&Qie% k uf’i%ngzht%xéﬁ2J ragjcgg:s}?%l ?rea

prevented by 1, tne §id: G ARERAACY SbeaRil Geribhetanar ation area

portion. Peeling during the process is prevented by

10 setting the mechanical strength of the separation area
higher in the base substrate central portion than in
the peripheral portion.

In this'case, when the separation is advanced
to the central portion, the separated area is broad.

15 Therefore, even when the surface density of the
separatiﬁg force is reduced, the entire_separating
force is increased, and the separation can be advanced.
Such effect is fulfilled regardless of the separation
method, but the method of spouting the fluid flow to

20 the separation area is most preferable for applying the
separating force relatively uniformly to the entire
separated face to prevent the bése substrate from being
broken.

In order to broaden the range of conditions for

25 performing a stable separation to securely separate the
base substrate without damaging it,-as shown in Fig. 8,

the separation area 3 is préferably formed of a



hi gher in the base substrate central portion than in t he peri pheral
portion. In this case, when the separation is advanced

to the central portion, the separated area is broad. 15 Therefore, even
when the surface density of the égparating force is reduced, the
entire separating force is incredSed, and the separation can be
advanced. Such effect is fulfilled regardl ess of the separation

nmet hod, but the nethod of spouting the fluid flowto 20 t he separation
area is nost preferable for applying the separating force relatively

uni formy to thu%atlhft? of laye®@Parahedakag,t o3paereskehltceibase substrate
from bei ng br oken. In order to broaden the range of

condi tions for meZhanicR@l k@r@ng&ha Stabkhiscpasali ehet Aethanieby separate
t he base substrate wi'thout damaging it, as shown in Fig. 8,

t he separ ati on stirength ®fprekie pelriphbralegonttian can relatively

- 36 - plurality of layers or areas 22, 23 different in
mechani cal streagiily be made saedlerhesnsonpairedl with thetr efgttheof the
peripheral portion can relativel easily be nmade snaller as conpared
with that Sof tleentzal pemtisn edr tthenbasetrhe &é‘etheV\ﬁ@RaFﬁé"lgé‘pé‘FEﬁ on

ar ea has a | am_nation structure of the |ayer

porosity (hereh?gf ferlamdration SEFrASTIKE PFr§pep&P§ﬁ§ maﬂiyéP) and t he

| ayer 22 large in r03|5% hereinafter referred to_as the second
por ous Iayer),q. é?b# glna ter referred to as t%e flrs% porod%

layer) and the layer 22 large in porosity (hereinafter
referred to as the second porous layer), the layer 23

10 small in porosity is first formed by the anodization,
and subsequently the anodization current is increased
to similarly form the layer 22 large in porosity by the
anodization.

As a result of intensive researches, the

15 present researchers have found that the porosity of the
second pérous layer 22 is not determined only by the
magnitude of the current, and it also depends on the
thickness or porosity of the first porous layer 23.
When the anodization current of the second porous layer

20 22 is set equal, but the first porous layer 23 is thick
or low in porosity, then the porosity of the second
porous layer 22 tends to be increased. Therefore, for
example, as the thickness of the first porous layer 23
is reduced, the anodization current of the second

25 porous layer 22 needs to be raised in order to keep
high the porosity of the second porous layer 22. This

relationship is shown in Fig. 9.



10 small in
subsequent|ly t
the |l ayer 22 |

porosity is first fornmed by the anodi zati on, and

he anodi zation current is increased to simlarly form

arge in porosity by the anodi zat i on.

As a

result of intensive researches, the 15 present researchers have found

but

that the porosity of the second B@reus |ayer 22 is not determ ned
only by the magni tude of the current, and it al so depends on the
t hi ckness or porosity of the first porous |ayer 23. When t he
anodi zation current of the-second porous |ayer 20 22 is set equal,

the first porous |ayer s thi . or |low i rosit t hen t he
porosity of the secondf¥3the ﬁ&ﬁ&%ﬁ?q¥$FeF“ffeP§n8% E@ebgeFéggeggggps

Therefore, for
23 isr
| ayer 22 needs
t he second por
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| ayer is kept

Such rel ati ons

10

15

20

25

he an o curren e second

e

l(ﬂ}rceer i isf'\ &%@%’ (;%&n%}tag%e ta idC K:'F.[%S O%P?.Icfl]&ggsf iorfs tth%g rfql}:%'tj ayer

por ous

3’ﬁ°§"$§y 350 4 Hetifed O thEPBorost ty BrnsNSeRBHASI LY Of

er tionship is shown in Fig.

porous laydd ild@r3NRdinerld.on sudh @@l a#HohR®ipee@NShRRNoUS
constant, "and the thickness of the first porous | ayer
i s changed thapa@ieni t10.0f fthdsSeppatent thatP@fdes ltheefirst poroemced.
hip is shown 5 in Fig. 10. It is apparent that after
the first porousyer.is fieayed,i £hieoseednd peorousoldyesr cannody e cannot be
formed i ndependently, and the characteristics of the first porous
| ayer exert an figrmeadedsslependentiar,oendy the chargicterd sfdesn@fpdbeus | ayer.
A detail ed nechani sm of

first porous layer exert an influence on the porosity
of the second porous layer. A detailed mechanism of
such phenomenon is not completely explicated. As
described later, however, F- ions in a formation liquid
are necessary for forming porous Si. When the F~ ions
are consumed in a pore forming portion at a tip end of
a pore, new F~- ions need to be supplied to the tip end
of the pore from a surface of the porous Si through the
pore.

It is .supposed that such effective
transportability of the F~ ions in the pore by electric
field or diffusion depends on the pore size or length
of the first layer, i.e., the thickness of the first
layer. Specifically, the first porous layer itself
formed by the anodization limits the transport of ions
necessary for fofming the subsequent porous layer.

Therefore, the formed first porous layer serves
as a layer for limiting the effective transportability
of the F ions necessary for forming the subsequent

porous layer. When the anodization current is



10 such phenonenon is not conpletely explicated. As descri bed

| ater, however, F[err] ions in a formation liquid are necessary for
form ng porous Si. Wen the F[err] ions are consunmed in a pore
formng portion at a tip end of a pore, new F[err] ions need to be
supplied to the tip end 15 of the-p@8e-froma surface of the porous S

t hrough the pore. It is supposed that such effective
transportability of the F[err] ions in the pore by electric field or
di ffusi on depends on the pore size or |length 20 of the first |ayer,

I.e., the thickness of the first | ayer. % callé, the first
porous |ayer itcnstant, the formptien 48 éﬁHEPE ? ECPF™% & the transport

of ions necessar form ng .the u RQLQY I r

Therefore, the Wit :ﬁ%ﬁﬁﬁqﬁif |éﬁ&PU§é3€€§ ﬁ g %é%er f or

limting the effective trapsportalilifitye 5 pore &ﬁt E&gr LS nagcessary
A (¥ en t '

for formng th Seguent porous layer. e ano |zat|on

current is 3&up siant,
balance between consumption and ly of F iéRé
the formati on |3'advance to forma p'suff|C|ent thi ckness w t hout

| argel y changi %M&i at a dUsAsHt cubltent,s tecaysehe partent dssize
det er m ned by a bal ance bet ween consunptlon and supply of F[err]ions

is 5 f or medi rittrefa O HaABwasy ! e baldindel belttreem anisumption and
i ncreased hal fway, the bal ance between consunption and supply of the
Flerr] ions is sippigecdfbythehd etbssensechéngad by the éximpenperofisthayer,
and the pore size is largely

formed porous layer, and the pore size is largely

changed.-

10 When the thickness of the first layer is
increased and the effective transportability of F~ ions
transported through the layer is lowered, the
concentration of F- ions in the tip end of thg pore is
decreased, and an ion lacking layer is spread in the

15 formation liquid in the pore. Therefore, a portion in
which a potential barfier of an interface between
formation liquid and Si single-crystal surface in the
pore is lowered is extended. In the portion Si is
etched, and the pore size may be increased.

20 In practice, even when the anodization current
is simply increased, the porosity is not much increased
unless the transportability limiting layer is formed on
the Si surface. This rather increases the formation
rate. Therefofe, in order to largely change the

25 porosity by increasing the anodization current, the

layer for limiting the transportability of the F~ ions

is necessary between porosity increasing layer and



changed. 10 When the thickness of the first layer is
I ncreased and the effective transportability of F[err] ions

transported through the layer is |owered, the concentration of
Flerr] ions in the tip end of the pore is decreased, and an ion

| acking |l ayer is spread in the 15 -f@gmation liquid in the pore.
Therefore, a portion in whi ch a potential barrier of an interface
bet ween formation liquid and Si single-crystal surface in the
pore is lowered is extended. In the portion Si is etched, and the
pore size may be increased 20 practice, even mhen t he

anodi zati on cufpPEmation 1iqP§d3|nﬁﬁythﬁcFB&§§6eSFh8fp6hﬁsﬁﬂiStspﬁEP“ﬁuch

i ncreased unl ess khe trans ortabl h g ehel E formed on
the Si surfacel®¥RfsSREt REr 1PREFE §gslPh§ oPﬁEﬁP fry © Pat85®Ther ef or e,
in order to Iar ly ch e 5 YisP S t he

anodi zation cuft %orp%ng %% th%aﬁgFo ia&@% ?rgﬁgportablllty of

the F[err] |on§0rfgfﬁgnh§n 36% Pghwggn gg g§|gﬁ Pn%ﬁéa?b9651%¥er and

- 39 - ron-li t he t ness o I rst pOrous

| ayer cansgbe 'B@rQQEEerBnthaQQE'ERGEYCQBtEQQ ®%@ion where! Reporosity of
the second porous layer in the correspondi ng portion can be | arger

than the porosifiystblayelr ke theaQnd Thayebyl,n theC tidchanipalt strenagehe t he
first layer is thin. Thereby, the mechanical strength of the
separ ati on ar eafofthehesepasatioins brabe ofethehbasle substrager peadpberale
reduced.
portion can be reduced.
The present invention is characterized in that
10 when the mechanism of the anodization is well used as
described above to form the separation area comprising
a plurality of layers or areas different in the
mechanical streﬁgth, the porosity of the layer 22 large
in porosity can be made higher in the peripheral
15 portion than in the central portion of the base
substrate by increasing the thickness of the layer 23
small in porosity in the peripheral portion rather than
in the central portion of the base.
As described above, the porous layer can be
20 formed on the wafer by the anodization using the simple
device shown in Fig. 4. The layer with a small
porosity can be formed thicker in the base substrate
peripheral portion than in the base substrate central
portion, which can make higher the porosity of the
25 subsequently formed layer with a large porosity in the

base substrate peripheral portion than in the base

substrate central portion. When the distribution of



- The present invention is characterized in that 10 when the mechani sm of

t he anodi zation is well used as descri bed above to formthe
separation area conpri sing a plurality of layers or areas different
in the mechani cal strength, the porosity of the |ayer 22 |arge

in porosity can be made higher in the-p8Pipheral 15 portion than in the
central portion of the base substrate by increasing the thickness of
the | ayer 23 small in porosity in the peripheral portion rather than
in the central portion of the base. As descri bed above, the
porous | ayer ngc%ﬁin OcurrERQnﬁgea% Egeb&aESBtQ¥1EE8 ﬁBQQ'?@ébQQeE§L“9 the
sinpl e evicée shownh 1n Fig. 4. The layer wth a smal

porosity can bepiog ehQigheaei@stB%obaaeaSERSEhateicinity B¢’ kager al
portion than in the base sUbstrate cCentral portion, which can nake

hi gher the por gaisky sRbskthate?8ubjestbacgucthby thenaedohayes Wi th a large
porosity in the base substrate peripheral portion than in the base

substrate cent cohtipeliliog thbedisheidutibnboifi @bnoburrents flowing

- 40 - i ncom ng current needs to be controlled nore precisely,
the currebt guiltdo sher baisdegubstichdeyisuirfiace .of Whep the iohacurzebttrate
subjected to the formation for controlling the distribution of ion
currents flow dgstyibutiignoisheopizeldedst theeddgtributionhes the ion

current distribution is controlled, the distribution of
thi ckness of t FBiCkRESSWPEh thes karPTpyisd; fy Spahlyporosity can be

controlled.
Moreover, the water jet injection device for
10 separating the wafer and the thin-film semiconductor
from the composite member comprising the first and
second base substrates has been described above with
reference to Fig. 7.
An example of the bonded base substrate usable
15 in the mgthod of the present invention will be
described in more detail with reference to Fig. 8. In
the example, as shown in Fig. 8, the separation area 3
has a double layer structure comprising the first
porous layer 23 with a low porosity and the second
20 porous layer 22 with a higher porosity and a lower
mechanical strength. In the present invention, for the
second porous layer 22, its porosity or thickness may
be set higher in the vicinity of the base substrate
peripheral portion than in the central portion.' During
25 the separation, cracks are generated in the second
porous layer 22 in a position different from the bonded

interface or in the interface. The second porous layer



controll ed. Moreover, the water jet injection device for 10
separating the wafer and the thin-film sem conduct or fromthe
conposite nenber conprising the first and second base substrates has
been descri bed above with reference to Fig. 7. An
exanpl e of the bonded base substrate dsébl e 15 in the nethod of the
present invention wll be described in nore detail with reference to
Fig. 8 1In t he exanple, as shown in Fig. 8, the separation area 3
has a doubl e | ayer structure conprising the first porous | ayer 23

wth a |OM/pOFQ§Ih¥San15QEm§E %BQCaiostreﬂﬁ%ﬂus hkeerozeM WRed A gher

porosity and a’lower anical strefgth. in the présent invention,

for the f%%@nqspabguaehaw a2dirkbeibar 98 Whieh bhicelkaespagBy
be .set higher in the vicinity of the base substrate peri pher al

portion than i gubstrate! 2al apdr bi eecoldr bage gabstrhlte 2@Fparati on, cracks
are generated in the second porous | ayer 22 in a position different
fromthe bondedeparated fremf aachoothert, henilyt &€hkaseconde pogousd lpyesus

| ayer - 41 - 22 has a | ow
mechani cals st r @&3gtils. cPidepsede andh&hegbase subgredess azgpsepariated -
direction in which a first base substrate 21 and a second base
substrate 27 af® this ca§@paﬁ§@€dafFéﬂﬁéaéhoﬁtﬁ@P‘PSHPVStﬁéngééﬁnd por ous

| ayer 5 22 C Ila ed .and t trate re separated. -
Inythls case, ﬁﬁ%%t §92§ 4f8Fmﬁ8n ﬁgﬁ %& §|ﬁ§P§°u% aye? Egsﬁﬁl Si is

formed, the f'%%% ss%ggsaga%?pro%ec%lve layer for suppressing the

generation of crystal defects or for preventing the

10 layer 4 from being collapsed in the separation process.
When the porosity is not much increased, the separation
can be performed without forming the second porous
layer 22, but the second porous layer 22 is preferably
formed to provide a good yield.

15 Embodiments of the present invention will next
be described in more detail.
Example 1

A first P-type (or N-type) (100) single-crystal

Si substrate with a thickness of 625 um, a specific

20 resistance of 0.01 Q-.cm and:a diameter of eight inches
was used, and anodization was performed in HF solution.
A formation bath was prepared in such a manner that a
sectional area of a plane parallel with a formation
electrode of an anodization layer and the Si single-

25 crystal base substrate was about twice an area of the
Si base, and the formation bath was used.

Anodization conditions are as follows:



necessary as a protective layer for suppressing the generation of
crystal defects or for preventing the 10 | ayer 4 from being collapsed in
t he separation process. When the porosity is not much increased, the
separation can be perfornmed wi thqout form ng the second porous

| ayer 22, but the second porous Iayer'222i§ preferably formed to
provide a good yield. 15 Enbodi nents of the present invention

wi |l next be described in nore detail. Exanmple 1

A first P-type (or N-type) (100) single-crystal Si substrate with a

thickness of 625 pm a_sR&GLELS on28urr ngigggnge of 0.01 [err] cmand a
di aneter of eight inches was useg, and anodi zati on was perforned in

HF sol uti on. A T ahalizak 1Batl BowatiBheRe: At i G,ksorbialranner that a
sectional area of a plane parallel wth a formation el ectrode of an

anodi zation | ayer and th@e® 13 AghQ@tes25 crystal base substrate was about
twi ce an area of the Si base, and the fornation bath was used.

Anodi zati on condi ti ons Thee thickaklkewef a central portion of a porous

- 42 - anodi zation current: 2.6 A

anodi zat i 6n sollatyiegn o thHee bak€ Substraiter spbhiected] to the formation; | pe:
11 m nutes The thickness of a central portion_ of a porous 5
| ayer of the baes sbesitr d2e vgupBPEctbe PETERd thopPfafthen central\goridomn 12

pm and the porosity_of the central ortigp
was about 20%, while the thickness of the porous layer

of a peripheral portion was about 19 pm at maximum and
the porosity was 30%. The pore size of the peripheral

10 portion of the base substrate prepared under these
conditions can be measured by observation with an
electronic microscope. It is apparent that thg pore
size is larger in a portion deep from a surface than in
the central portion. However, for the central portion

15 or the peripheral portion, no remarkable difference in
pore size can be found in the vicinity of the surface
of the porous layer. This is essential for the
subsequent process, in which Si single crystal having
less defects is epitaxially developed into a porous

20 layer structure.

The-substrate was cleaned with hydrofluoric
acid at 400°C in the atmosphere of oxygen, then
oxidized for one hour. Inner walls of pores of the

"porous Si were covered with a thermally oxidized film
25 through the oxidization. After thermal treatment was
performed at 950°C in the atmosphere of hydrogen,

single-crystal Si epitaxially grew by 0.3 pm on the



was about 20% while the thickness of the porous |ayer of a

peri pheral portion was about 19 pm at maxi nrum and the porosity was
30% The pore size of the peripheral 10 portion of the base substrate
prepared under these conditions can be nmeasured by observation with
an el ectronic mcroscope. It is-a@srent that the pore size is
| arger in a portion deep froma surface than in the central portion.
However, for the central portion 15 or the peripheral portion, no
remarkable difference in - pore size can be found in the vicinity of
t he surface of the porous layer. This is essential for the
subsequent prod¥¥Eous SiykeCFE rethpd wdeg dihe, £aldpwing condddd qfsitect s
is epitaxially devel oped into a por 20 | ayer structure.

The substrate was cl earfstP%® FP#S)rdr%f suori c acid at 400[err]Cin the
at nosphere of oxygen, then . oxidi zed for one hour. Inner walls of
pores of the poréokut{shs‘?r wre )é'i&vered with a thermally oxidized film

25 through the oxidi Lo+ 28 L efggdrer mal treat nent was
performed at 950[ err] C?%%ﬁh al% mosphere of hydrogen, si ngl e-crystal

Si epitaxiglly grew by GrekssupdN 14602 Torr

- 43 - porous Si by CVD net hod under the follow ng conditions:
source gas: SiHerr] growth rate: I8 Imntfsegns: H2

tenperature: 900[err]C 5 pressure: 1x10[err] Torr

grow h rate: 3.3 nnl secFurthermore, 100 nm of Si0, layer was formed on

a surface of the epitaxial Si layer by the thermal
oxidization.

10 After the surface of the S$i0O, layer and a
surface of a separately prepared Si substrate were
overlapped and contacted with each other, thermal
treatment was pérformed at 1180°C for five minutes to
perform bonding. When the composite member was set in

15 the device shown in Fig. 7, and water jet injection was
performed with a water pressure of 1000 kgf/cm? and a
diameter of 0.15 mm, the porous Si layer was collapsed,’
the wafer was effectively divided in two, and the
porous Si was exposed to a separated face of two Si

20 substrates. Subsequently, the porous Si layer was
selectively etched with etching liquid of HF/H,0,/C,H.OH.
The porous Si was selectively etched and completely
removed. The etching rate of the non-porous Si single
crystal to the etching liquid is remarkably low, and

25 the etching amount in the non-porous layer can
practically be ignored. Specifically, a single-crystal

Si layer having a thickness of 0.2 um could be formed



Furthernore, 100 nmof Sierr] layer was fornmed on a surface of the

epitaxial Si |ayer by the thernal oxi di zation. 10 Af ter
the surface of the SiJerr] layer and a surface of a separately
prepared Si substrate were over | apped and contacted with each ot her,
t her mal treatment was perfornmed 4t T180[err]C for five mnutes to
perform bondi ng. When the conposite nenber was set in 15 t he device
shown in Fig. 7, and water jet injection was performed with a water
pressure of 1000 kgf/cnferr] and a di aneter of 0.15 mm the porous

SiTayer was col a&x%e%éudized SiNEL4R. O THRS sThbietipgsitadl ¥idadyen | vo,

and t he por ous was expose to a separ face of two

substrates.  SUbsRAURDIY Y ng@r KR’ séARctive etedliagt bvely
etched with etching I|qU|d of HF/ H[err] err]/Cerr]Herr] OH The
porous Si was s@LPdrrly SAl.Chadsudisgneoat eupstrate waemehedmallg et chi ng
rate of the non-porous Si single crystal to the etching liquid is
remar kably | owtmsmted®bGn thehatatosphegeamiu biydoogelms non- por ous | ayer can
practically be ignored. Specifically, a single-crystal Si | ayer

havi ng a thi ckness of ®2 apmesylitd ofe ther mbgervation of a cross

- 44 - on the oxidized Si_ film The single-crystal Si |ayer

under went no ciﬁﬂj‘e“’é’véﬂ tﬂ/qu@%%ﬁf\/@%%cofucrOSCWﬁe Ao 438 Si .
MG R T TEDF RSP TR T RE G,

Si layer and that good crystallizability was kept.
Even when no oxide film was formed on the surface of

10 the epitaxial Si layer, similar results were obtained.
The first Si single-crystal substrate was reused as a
first Si single-crystal substrate for obtaining another
SOI substrate, by removing residual porous Si
therefrom.

15 Example 2

A first P-type (or N-type) (100) single-crystal

Si substrate with a thickness of 625 um, a specific
resistance of 0.0l Q-cm and a diameter of eight inches
was used, and anodization was performed in HF solution.

20 A formation bath was prepared in such a manner that a
sectional area of a plane parallel with a formation
electrode of an anodization layer and the Si single-
crystal base substrate was about twice an area of the
Si base, and was used.

25 Anodization conditions are as follows:

anodization current: 2.6 A

anodization solution:HF:H,0:C,H,OH=1:1:1



section by a transm ssion electronic mcroscope, it was confirmed
that no crystal defect was introduced to the Si layer and that good
crystallizability was kept. Even when no oxide filmwas forned on
the surface of 10 the epitaxial Si layer, simlar results were

obt ai ned. The first Si single-6r§§tal substrate was reused as a
first Si single-crystal substrate for obtaining another SO
substrate, by renoving residual porous Si : therefrom 15 Exanpl e
2 A first P:type (or N-type) (100) single-crystal S
substrate with a thickpggs .ot 1693 ies? SPecific resi stance of 0.01
[err] cmand a dianeter of eight 1 nches was used, and anodi zation

was performed in HF sold @hickédss of ROCERIAN PRtiWAS off @Paiedt n such
a manner that a sectional area of a plane parallel with a formation

el ectrode of ampoxidad Zalyiean dfathie dadd RRibStrataglstbjected tor heal base
substrate was about twi ce an area of the ~ Si base, and was used. 25
Anodi zat i on corfdirmadri®onawasasbontd dBsmicrons, and the poodisidlyl of diwer ent :
2.6 A anodi zation solution: HF: Herr]O Cerr]Herr] OH=1: 1: 1

- 45 - 5 central portiom was @bowte20%¥. The thicknepse afhitdieness of a
central portion of a first porous | ayer of the base substrate

subj ected to t@eTrous layez; oft foRerieheradt PPFHOE ¥RS 3Ryt HE pBré&ity of

t he 5 central portion s about 20% The _thickness of .the
maximum and‘%%e porosity(has g%%. Subsequent to the

formation of the first layer, the formation of a second
layer was performed under the following conditions:

10 anodization current: 8 A

anodization solution:HF:H,0:C,H;OH=1:1:1

time: two minutes

When thé formation of the second layer was
performed under the above conditions after the first

15 layer was formed, the thickness of the center of the
second layer was about two microns, and the porosity
was about 40%. In the peripheral portion of the base,
however, the porosity was about 55% af maximum, and its
thickness was less than two microns.

20 However, for the central portion or the
peripheral portion, no remarkable difference in pore
size can be found in the vicinity of the surface of the
first porous layer. This is essential for the
subsequent process, in which Si single crystal having

25 less defects is epitaxially developed into a porous
layer structure.

The substrate was oxidized at 400°C in the



porous | ayer of a peripheral portion was about 19 pm at maxi nrum and
the porosity was 30% Subsequent to the formation of the first

| ayer, the formation of a second | ayer was performed under the
followi ng conditions: 10 anodi zation current: 8 A

anodi zation solution:HF: Herr]O (ferrHggr] OH=1: 1: 1 tinme:
two m nutes When the formation of the second | ayer was
performed under the above conditions after the first 15 | ayer was
formed, the thickness of the center of the second | ayer was about
two mcrons, and the porosity was about 40% In the Rerlpheral
portion of theafmosphere of ewgesr forhengohosrty %&§e£bUGi §59Fat maxi mum
and its t hi ckness was | ess than two m crons However ,
for the centraPQﬁ&ﬂ:P&nt@ﬁ Pegous Si WSéPlEﬁEP&PdeFFPoﬁ thermadd¥kabl e
difference in pore can_be found in the vicinit e surface
of the #@ia0g SHaM APEPuchn the SRIGLERTAAR | oPupREatently
subsequent proc whi.ch Si_ _single_crystal_.h Ss defects
. . . %%%ﬁ@ g@qﬁﬂgng %f%rmé& WLtPa%%Igggu%§on ahﬁ

is epitaxially er structu

The substrate wgg, gxydi 49%%%r%5%bemEB51n the atmosphere of

- 46 - at nosp r oxyge one hour. Inner walls of

pores of the pgqy g@n Va6 (;_\L%rﬁgt\glt Iglaegle;ramlalmy grew b@xodezas film
t hrough the oxi di zat1 on. Subsequent Y, after cleaning was perforned

with HF sol uti @h &Hé porous Si by CVD method. The growing conditions
were as follows:

source gas: SiH,

10 carfier gas: H,

temperature: 900°C

pressure: 1x107% Torr

growth fate: 3.3 nm/sec

Furthermore, 100 nm of SiO, layer was formed on

15 a surface of the epitaxial Si layer by  the thermal
oxidization.

After the surface of the Si0, layer and a
surface of a separately prepared Si substrate were
overlapped and contacted with each other, thermal

20 treatment was performed at 1180°C for five minutes to
perform bonding. A cross section of resulting
composite member is diagrammatically shown in Fig. 1l.
The porous layer was exposed to wafer edges, the porous
Si was etched to some degree, and a plate as sharp as a

25 razor blade was inserted to the corresponding portion.
Then, the porous Si layer was ruptured, the wafer was

divided into two, and the porous Si was exposed.



5 thermal treatnment was perforned in the atnosphere of hydr ogen,

single-crystal Si epitaxially grew by 0.3 [err]m on the porous Si by
CVvD nmet hod. The grow ng conditions were as foll ows:

source gas: SiHerr] 10 carrier gas: Herr]

tenperature: 900[err]C ~pé&ssure: 1X10[err] Torr

gromh rate: 3.3 nm sec Furthernmore, 100 nmof Si(err]

| ayer was forned on 15 a surface of the epitaxial Si |ayer by the
thermal oxi di zati on: After the surface of the

Si I d f f Q. I ' b
were oL EbRsRueniY c SHEaBPESYy B TA0RE Rk, BeERERIRRTy, T T ¢
treatment was RYIAQIITR] 3l %Q.H‘ar _rl]igutiﬁr olfl ¥ig /W AUCE.A. The pP&ELT M
bondi ng. A cross section of Tesultin conposi te’ nenber is

di agrammati cal Igg %J&%\A@él@a%ﬂelgletched andNechplatelyayemcvad.expesed to
waf er edges, the porous I was etched to sone degree, and a plate as

sharp as a 25etcHidOiratlcdds Wae ndPepordulso siheinglee spgatalg toortheon.
Then, the porous Si layer was ruptured, the wafer was divided into
two, and tshe p@toheing ldemidXieseeémarkably low, and the etching -
47 - Subsequently, the.porous Si |ayer was sel ectively

etched with et awauwpt iiguittheonoHpidrous] dearer] peoarides & Prartirad Lyor ous

Si was selectively etched and conpletely renoved. The | etching rate of
t he non- por ous ignogiahdiee dacrsage of thdckness. Specifically, a

single-crystal Si layer having a thickness of 0.2 um
could be formed on the oxide Si film. The single-

10 crystal Si layer underwent no change even by the
selective etching of the porous Si. Resulting SOI
substrate was thermally treated in the atmosphere of
hydrogen.

As a result of the observation of a cross

15 section by a transmission electronic microscope, it was
confirmed that no crystal defect was introduced to the
Si layer and that good crystallizability was kept.

Even when no oxidized film was formed on the surface of
the epitaxial Si layer, similar results were obtained.

20 "The first Si single-crystal substrate was reused as a
first Si single-crystal substrate by removing residual
porous Si therefrom.

Example 3
A first P-type (or N-type) (100) single-crystal

25 Si substrate with a thickness of 625 pm, a specific

resistance of 0.01 Q-cm and a diameter of eight inches

was used, and anodization was performed in HF solution.



5 etching liquid is remarkably I ow, and the etching anount in the

non- porous | ayer provides a practically I gnor abl e decrease of

t hi ckness. Specifically, a single-crystal Si |ayer having a
thickness of 0.2 [err]m could be forned on the oxide Si film The
single- 10 crystal Si layer underwed8 ro change even by the

sel ective etching of the porous Si. Resulting SO substrate was
thermally treated in the atnosphere of hydr ogen. As a
result of the observation of a cross 15 section by a transm ssion

el ectronic mcroscope, it was confirmed that no crystal defect was

i ntroduced to thdormationgbath mas,prenaned;ddy UG AME TGS ITF was kept .
Even when no oxidi,zed filmwas forned on the _surface,of the
epitaxial S | &RTeiangdh 3hed & a £ B IR Vigh 2 fopmatich o

singl e-crystal sub e . f] | S gl yst al
substrate by ree?De\ﬁséhIéoq{reesoY%usaé{ %%%alzad%p)lg)rnoulsa ¥§* ténn(rad'rse ?o.r%%' Shegrd Exanpl e 3
A first P-type (Qfdil Yife (HYDer UL AbthA twdike arlargdYs alfe W th a
t hi ckness of 6 pm a specific resistance of 0.01 [err] cmand a
diameter of ei @y ddydesand was wd.used, and anodi zation was perforned in

HF sol uti on. - 48 - A
formati on bath was prepaicilzddtivic itonhdirtigls td1d a& followssecti onal area
of a plane parallel with a formation el ectrode of an anodi zation

| ayer and the Si singl enodization current: 2.6 A
anodization solution:HF:H,0:C,H;OH=1:1:1
time: 11 minutes
10 The thickness of a central portion of a first
porous layer of the base substrate subjected to the
formation was about 12 microns, and the porosity of the
central portion'was about 20%. The thickness of the
porous layer of a peripheral portion was about 19 um at
15 maximum and the porosity was 30%. Subsequent to the
formation of the first layer, the formation of a second
layer was performed under the following conditions:
anodization current: 8 A
anodization solution:HF:H,0:C,H,OH=1:1:1
20 time: two minutes
-When the formation of the second layer was
performed under the above conditions after thé first
'layer was formed, the thickness of the center of the
second layer was about two microns, and the porosity
25  was about 40%. In the peripheral portion of the base,
however, the porosity was about 55% at maximum, and its

thickness was less than two microns.



crystal base substrate was about twice an area of the 5 Si base, and

was used. Anodi zation conditions are as foll ows:

anodi zation current: 2.6 A anodi zati on ,
solution:HF- HerrJ]Oderr]Herr]O=1:1:1 time: 11 mnutes
10 The thickness of a centralggpartion of a first por ous
| ayer of the base substrate subjected to the formati on was about 12
m crons, and the porosity of the central portion was about 20% The
t hi ckness of the porous | ayer of a peripheral portion was about 19
pmat 15 maxi mum and the porosity was 30% Subsequent to the
formati on of the first Hospwer,t forf dheaceotrefl pogzgdondor the |ayer was
performed under the follow ng conditions: anodi zat i on
current: 8 A peripheral poqﬁyg@,zgp|gﬁmarkable dlfference in pore
solution:HF-Herr]Oderr|Herr] QH=1;:1:1 nut es
When t he form[aﬁl&%‘— 6’(?:[ IIPQ] in, he Oﬁglnlty °fp§F’FoF'H§5aEﬁd8lf FH@ above

d f , t f th k f th
conter of the First posolis Haa’%r' oD 337 F BB oA0T BhE 1 he por osi Ty
25 WaSSabou sSu %%)ueh& dgg%%g %T%hlgﬂfb'ogl %&EhErBQ%Ql havﬁngkness

however, the por05|t b at maxi num ~a
was | ess than t@%é“d@?@&%s is ep1tax1ﬁlly developed into a porous - 49 -

However, for the central portion or t peri pheral portion, no
remar kabl e di f fiefRRCetrvicRUrR.
The substrate was oxidized at 400°C in the
atmosphere of oxygen for one hour. Inner walls of
10 poreé of the porous Si were covered with a thermally
oxidized film through the oxidization. After cleaning
was performed with HF solution and thermal treatment
was performed iﬁ the atmosphere of hydrogen, single-
crystal Si epitaxially grew by 0.3 um on the porous Si
15 by CVD method. The growing conditions were as follows:
source gas: SiH,
carrier gas: H,
temperature: 900°C
pressure: 1x10°? Torr
20 growth rafe: 3.3 nm/sec
Furthermore, 100 nm of SiO, layer was formed on
a surface of the epitaxial Si layer by the thermal
oxidization. |
After the surface of the Si0, layer and a
25 surface of a separatély prepared Si substrate were
overlapped and contacted with each other, thermal

treatment was performed at 1180°C for five minutes to



size can be found. in the vicinity of the surface of the first porous
| ayer. This is essential for the 5 subsequent process, in which Si ,
single crystal having | ess defects is epitaxially devel oped into a
por ous | ayer structure. The substrate was oxidi zed at
400[err]Cin the at nosphere of oivben for one hour. Inner walls of
10 pores of the porous Si were covered with a thermally oxi di zed
filmthrough the oxidization. After cleaning was performed with HF
solution and thermal treatnent was performed in the atnosphere of

hydrogen, si ng';?erform borfdirig 2 e tRnpudi¥d ndiis¥ s GrbwE {4 B4y, the

porous Si by CvD net hod. The grow ng conditions were as follows:

source gas: Sl HA was thus obtaired[| &oafafdi® side faces, watd®'fefature:
900[err] C pressure: 1x10[err] Torr 20 growt h

rate: 3.3 nnl seihjection was performdiitte.a Witeinpfesiuderdd 3Gyer was
formed on a surface of the epitaxial Si |ayer by the thernmal

oxi di zat i on. kgf/cm? and a Afieeetelreosudf acemof ThenSi Cher ppragesSiand a
25 surface of a separately prepared Si substrate were over | apped
and cont ad ed waveaas qurturederthg wafer was efifaotively phirtistetd at
1180[err]C for five mnutes_tao - 50 -
per f or m bondi ngtPEh& g t RIS Sis 1R 9%Pq5ef- Subsequeniky + hus

f | et
obt ai ned. For\¥§éﬂbé¥é¥§ éumidyg¥u;%s selectively etched with etching

liquid of HF/H{%/C;%OH. The porous Si was selectively
etched and completely removed. The etching rate of the
10 non-porous Si single crystal to the etching liquid is
remarkably low, and the etching amount in the non-
porous layer provides a practically ignorable decrease
of thickness. Specifically, a single-crystal Si layer
having a thickness of 0.2 um could be formed on the
15 oxide Si film. The single-crystal Si layer underwent
no change even by the selective etching of the porous
Si. Resulting SOI substrate was thermally treated in
the atmosphere of hydrogen.
As a result of the observation of a cross
20 section by a transmission electronic microscope, it was
confirmed that no crystal defect was introduced to the
Si layer and that good crystallizability was kept.
Even when no oxidized film was formed on the surface of
the epitaxial Si layer, similar results were obtained.
25 The first Si single-crystal substrate was reused as a
first Si single-crystal substrate by removing residual

porous Si therefrom.



I njection was perforned with a water pressure of 300 kgf/cn2 and a
dianeter of 0.1 mm Then, the porous Si 5 | ayer was ruptured, the
waf er was effectively divided into two, and the porous Si was
exposed. Subsequently, the porous _Si | ayer was sel ectively etched

w th etching | i quid of HF/H[erF]éFeFr]/C[err]H[err]CH. The porous S
was sel ectively et ched and conpletely renoved. The etching rate of
the 10 non-porous Si single crystal to the etching liquid is

remar kably | ow, and the etching anobunt in the non- porous | ayer
provides a pragtd ley 4 gnor abl e decrease of thickness.

Specifically, a si &1e-crystal Si | ayer havi ng a thickness of 0.2 pm
could be forned on thea ¥rst ®t§peSor! N-Bypel i@ 0d)N@idgleyeraistal | ayer
under went no change even by the selective etching of the porous

Si. Resulting $3 subidaties with Ehahiakness oft 625 pm, a spech€iat nosphere
of hydrogen. As a result of the observation of a cross 20
section by a tressdmstssicen ofl €ctOlo-cmriandosc dieneterwas eight ioghkisr ned
that no crystal defect was introduced to the Si | ayer and that good
crystal |l i Zabi | wap wgedegnd anodizapion ween ped formed; da HAF solasiosrmed on
t he surface of the epitaxial Si layer, simlar results were

obtai ned. 25 A fpraaticn bgthywag reppres isyfichafe "RReeretia¥ 3s a

fir I single-cr I r r Vi ng .resi I r i
st_Sising ese?:: i%tn%l %li'besé o%t ea tf}ianeemg.aaragile(i_S wg.%%_ a format@.%n%g;rrgl e 4

t herefrom
electrode of an anodization layer and the Si single-
crystal base substrate was about 1.3 times an area of
10 the Si base, and was used.
Anodization conditions are as follows:
anodization current: 2.6 A
anodization solution:HF:H,0:C,H;OH=1:1:1
time: 11 minutes
15 The thickness of a central portion of a first

porous layer of the base substrate subjected to the
formation was about six microns, and the porosity of
the central portion was about 20%. The thickness of
the porous layer of a peripheral portion was about
20 eight pm at maximum and the porosity was 25%.
Subsequent to the formation of the first layer, the
formation of a second layer was performed under the
following conditions:
anodization current: 12 a
25 anodization solution:HF:H,0:C,H.OH=1:1:1
time: one minute

For the central portion or the peripheral



Afirst P-type or N-type (100) single-crystal Si substrate with a

t hi ckness of 625 pm a specific resistance of 0.01 [err] cmand a
di anet er of eight inches 5 was used, and anodi zation was performed in
HF sol uti on. A formation bath was prepared in such a manner that a
sectional area of a plane parallel w thsa foormation - el ectrode of an
anodi zation |layer and the Si single- crystal base substrate was
about 1.3 tinmes an area of 10 - the Si base, and was used.

Anodi zation conditions are-as foll ows: anodi zation current:
2.6 A anodi zation solution: HF: Herr]O Cerr]Herr]OH=1: 1: 1
time: 11 mnut @rti®n, no remarkpide i[dififierencel in @ewer siizgocanoPeof a
first porous_|ayer of the base substrate subjected to the

formation was dewnd gink the Mhieinigivd ath Ehsosygifppeort the fimgt central
portion was about 20%_ The thi ckness of t he porous | ayer of a

peri pheral por BFPYRIASHtr DYS issegsenihatt f98xi SIS EENEFor osi ty

was 25% Subsequent ta the farmation of .the.first | r
formati on of aX&EEE 5‘3}%r""tl"\/\l/a?tg1 % T olrnﬁte; t?r’f&'esrt % é’ avrl%g. 1%%(% Idgvtflvi% %‘gt S

;ggg: tzia'? Po%n solius’t ie(?r%:wjﬁ[lel%%@'tgpﬁq—( gﬁojeg—@f&%u% 1%§er S1xuc}mret'i ne:
one mnute . The RIbdtiRteENdRlo N AL 2 40te ek RiY al
- 52 - portion, no remarkable difference in pore size can be
atmosphere of oxygen for one hour. Inner walls of
pores of the porous Si were covered with a thermally
oxidized film through the oxidization. After cleaning
10 was performed with HF solution and thermal treatment
was performed in the atmosphere of hydrogen, single-
crystal Si epitaxially grew by 0.3 pm on the porous Si
by CVD method. 'The growing conditions were as follows:
source gas: SiH,
15 carrier gas: H,

temperature: 900°C

pressure: 1x10°2 Torr

growth rate: 3.3 nm/sec

Furthermore, 100 nm of SiO, layer was formed on

20 a surface of the epitaxial Si layer by the thermal
oxidization.

After the surface of the Si0, layer and a
surface of a separately prepared Si substrate were
overlapped and contacted with each other, thermal

25 treatment was performed at 1180°C for five minutes to
perform bonding. The porous layer was exposed to wafer

edges and, instead of etching the porous Si to some



found in the vicinity of the surface of the first porous | ayer. This
Is essential for the subsequent process, in which Si single crystal
havi ng | ess defects 5 is epitaxially devel oped into a porous |ayer
structure. The substrate_was oxidized at 400[err]C in the

at nosphere of oxygen for one hour. | nieP3wal | s of pores of the
porous Si were covered with a thermally oxi di zed filmthrough the
oxi di zation. After cleaning 10 was performed with HF solution and

t hermal treatnent was performed in the atnosphere of hydrogen,

singl e- a%;éaga' walte?P ghgx &ﬁ' b¥:+IbAMRY pe§femnaa W22nPar Adted

by CVD net hod. e gfowm ng c ns were as

source gas: S' kesslirel®f 300 kgf/cm@aéﬁdf% dfsmetéLléf 0 mm. Then,
tenperature: 900[err]C pressure: 1x10[err] Torr

growm h rate: 3tBenpb¥eus Si layer was .rhptubednothe #@Eetrnmwat Si J err]

| ayer was fornmed on 20 a surface of the epitaxial Si |ayer by the

t her mal edfeditigeilgndivided into two, ABhdr theepoupfigc 8iofrashe
Sigerr] layer and a surface of a separately prepared Si substrate
wer e 5 ovexpgspdd aSubsequgotdy,withe parbust Bér layrar was 25
treatment was performed at 1180[err] C for five_m nutes form

)
bondi ng. The p&FeEStiNedy REshedoyish eschdpegr Liquid ogdggéHdﬁdcﬁgﬁEfead of

hi n h r | p
etc g the pOT%%SporoL% %1 was selectively etched for a shorter time5

than in the third example, and completely removed. The
etching rate of the non-porous Si single crystal to the
10 etching liquid is remarkably low, and the etching
amount in the non-porous layer provides a practically
ignorable decrease of film thickness. Specifically, é
single~-crystal Si layer having a thickness of 0.2 um
could be formed on the oxidized Si film. The single-
15 crystal Si layer underwent no change even by the
selective etching of the porous Si. Resulting SOI
substrate was thermally treated in the atmosphere of
hydrogen.
As a result of the observation of a cross
20 section by a transmission electronic microscope, it was
confirmed that no crystal defect was introduced to the
Si layer and that good crystallizability was kept.
Even when no oxidized film was formed on the surface of
the epitaxial Si layer, similar results were obtained.
25 The first Si single-crystal substrate was used again as
a firsf Si single-crystal substrate by removing

residual porous Si therefrom.



decree, water jet injection was perforned with a water pressure of

300 kgf/cnferr] and a dianeter of 0.1 Am Then, the porous Si | ayer
was ruptured, the wafer was effectively divided into two, and the
porous Si was 5 exposed. Subsequently, the porous Si |ayer was
selectively etched with etching liquid o AF/ Herr]Jerr]/err]H err] OH
The porous Si was selectively etched for a shorter tine than in the
third exanple, and conpletely renoved. The etching rate of the
non-porous Si single crystal to the 10 etching liquid is remarkably
low, and the etgghinge 5 anount in the non-porous |ayer provides a
practically I gnor abl e decrease of filmthickness. Specifically, a

single-crystal Si |ayem HaWsty p tyiileL Ks W-Aygde )2 (A00) singledidr§diauif or med
on the oxidized Si film The single- 15 crystal Si |ayer underwent no

change even by dihgubstrates&litd iav ahdickiidid &£ 1625 par,0ws speciffasul ting SO
substrate was thernmally treated in the atnosphere of hydr ogen.

As a result of ddsestamwesatfi dn 0If Qo amr essl 2@ iamesmyt ioh eigha timehes ssi on
el ectronic mcroscope, it was confirmed that no crystal defect was

i ntroduced to s used, agid |appsiizatdarhaasy®eerfooredalin HbisoltEigss kept .
Even when no oxidized filmwas forned on the surface of t he
epitaxial Si | & &ormatHqmbatds Wass pranarsst dimapch a5 manngr, thgts@ g;
single-crystal substrate was used again as H%HfirSt Si sLngJe-crystaI

substrate by r&RFFIAPRL area O&id A MRS Idieh ety phormatio

- 54 - electrode of an anodization layer and the Si single—
crystal base substrate was about 1.3 times an area of
10 the Si base, and was used.
Anodization conditions are as follows:
anodization current: 2.6 A
anodization solution:HF:H,0:C,H;OH=1:1:1
time: 11 minutes
15 The thickness of a central portion of a first
porous layer of the base substrate subjected to the
formation was about six microns, and the porosity of
the central portion was about 20%. The thickness of
the porous layer of a peripheral portion was about
20 eight pym at maximum and the porosity was 25%.
.Subsequent to the formation of the first layer, the
formation of a second layer was performed under the
following conditions:
anodization current: 12 A
25 ' anodization solution:HF:H,0:C,H,OH=1:1:1
time: one minute

For the central portion or the peripheral



Exanpl e 5 Afirst P-type (or N-type) (100) single-crystal
Si substrate with a thickness of 625 pm a specific resi stance of
0.01 [err] cmand a dianeter of eight inches 5 was used, and

anodi zation was perforned in HF sol ution. A formation bath was
prepared in such a manner that a - 5%ectional area of a plane paralle
with a formation el ectrode of an anodi zation | ayer and the S

si ngl e- crystal base substrate was about 1.3 tines an area of 10
the Si base, and was used." Anodi zation conditions are as
fol | ows: anodi zation current: 2.6 A

anodi zat i on solpanttEerHFng aenagkghder [dHfferenqe] in pore size can be tj ne:
11 minutes 15 ] The t hi ckness of a centralfportlon of a first
porous |ayer offqund Bdbé%béit‘-‘rld’cléws@(ﬁ ddee FurdacRe © tion was
about six mcrons, t he po raI ortion was about

ity of . _the ¢
20% The thlcmﬂﬂﬁ?qﬁ ayer. ﬁh? o BESERFdA o OX PHErSI4SEY T i on was
about ° e dum Aty TR HNAN L, g[eﬁoergfyttagihm%l%g/ﬁe s defects

Subsequent to t or rration of ¥or mation of a

second | aye %ﬂ%{%%%vél%ed into (?O IR0 1594 i ture.

anodi zat i on current anodl zat 1 on . .
sol ution: HF: H err] O ([ effd HsddLd¥el whisl oxidized at 400°0 AR t¥ee Ninute

For the central portion or the peripheral
- 95 - atmosphere of oxygen for one hour. Inner walls of
pores of the porous Si were covered with a thermally
oxidized film through the oxidization. After cleaning
10 was performed with HF solution and thermal treatment
was performed in the atmosphere of hydrogen, single-
crystal Si epitaxially grew by 0.3 um on the porous Si
by CVD method. ‘The growing conditions were as follows:
source gas: SiH,
15 : carrier gas: H,

temperature: 900°C

pressure: 1x10"? Torr

growth rate: 3.3 nm/sec

Furthermore, 100 nm of Si0O, layer was formed on

20 a surface of the epitaxial Si layer by the thermal
oxidization.

After the surface of the SiO, layer and a
surface df a separately prepared Si substrate were
overlapped and contacted with each other, thermal

25 treatment was performed at 1180°C for five minutes to
perform bonding. The pdrous layer was exposed to wafer

edges, and the porous Si was etched to some degree. A



portion, no remarkable difference in pore size can be found in the

vicinity of the surface of the first porous |l ayer. This is essentia
for the subsequent process, in which Si single crystal having | ess
defects 5 is epitaxially devel oped into a porous |ayer structure.

The substrate was oxidized at 400[ err}CSén-t he at nosphere of oxygen
for one hour. Inner walls of pores of the porous Si were covered
with a thermally oxidized filmthrough the oxidization. After
cleaning 10 was perforned with HF solution and thermal treatnent

was, perfored S aTRSPS! Sglecll 4000 0untedakBs proparh W8 ol S

epitaxially grem/ The

gr owi ng Cond't?%%%rW%Eﬁ %%d@@ u@ﬁé s1multane888éy sOBHesEeddin a 4 15

carrier gas tenmperat ure: pressure:

1x10[err] Torr yater bath of andudWrAdoRlie r%d%a%&b%ﬁﬁev1ce. When
Furthernmore, 100 nmof SiJerr] layer was forned on 20 a surface of the

epitaxial Si | aputhpot keizt ber Mhrasonic @évédisz dlerenradiated, porous After
the surface of the SiQ2 |ayer and a surface of a separately prepared
Si substr& e wsSie layers odvelllaghed bomndedo baset stbstichtesac wegeher, t her nal
25 treatnent was perforned at 1180[err]C for five mnutes to
per f or m bondi ngFuptvwsredor @ash apdernaase ddydided dnkef gwo, and theges, and
the porous Si was etched to sone degree. A
- 56 - porous Si was exposed. Subsequently, the porous Si
layer was selectively etched with etching liquid of
HF/H,0,/C,H,OH. The porous Si was selectively etched in
10 a2 shorter time than in the third example, and
completely removed. The etching fate of the non-porous
Si single crystal to the etching liquid is remarkably
low, and the etching amount in the non-porous layer
provides a practically ignorable decrease of thickness.
15 Specifically, a single-crystal Si layer having a
thickness of 0.2 pm could be formed on the oxidized Si
film. The single-crystal Si layer underwent no change
even by the selective etching of the porous Si.
As a result of the observation of a cross
20 section by a transmission electronic microscope, it was
confirmed that no crystal defect was introduced to the
Si layer and that good crystallizability was kept.
Even when no oxidized film was formed on the surface of
the epitaxial Si layer, similar results were obtained.
25 The first Si single-crystal substrate was used again as

a first Si single-crystal substrate by removing

residual porous Si therefrom.



multiplicity of bonded base substrates prepared as descri bed above
wer e sinmul taneously subnerged in a wat er bath of an ultrasonic

radi ati on device. Wen about 50 kHz of ultrasonic waves were

" radi at ed, porous 5 Si layers of all the bonded base substrates were
ruptured, each wafer was divided intotwd, “and t he porous Si was
exposed. Subsequently, the porous Si | ayer was sel ectively etched
with etching |iquid of HF/ H202/ C2HOH. The porous Si was sel ectively
etched in 10 a shorter -tinme than in the third exanple, and

conpl etely reng&%gillpqsetching rate of the non-porous Si single
crystal to the etching liquid is remarkably | ow, and the etching

anount in the non-poroyss |a51'yfirnsulat1.r@{ QEyas 200 afil icrdsi dideer #Halig
decrease of thickness. 15 Specifically, a single-crystal Si |ayer having

a t hi cknesio,oflafez )pwasoibémbd dar aedupatBeofxadfiedtSsingle-
film The single-crystal Si |ayer underwent no change even by the
sel ective et chionysifal I8l porbmtsrRBie. As a result of the

observation of a cross 20 section by a transm ssion electronic
m croscop®, it was A fdarat dend impdient@tdops mwas eeriarngss fnem ddwced to
t he Si layer_ and that good crystallizability was kept. Even

when no oxi di z&¥G53G8 \RE ¥ fdd th suhstdatede such a m"‘l”ﬁ"@reﬂ? ial Si
subt Fate wes BRENSREIAN qenge oL i Shags SnteiFati 2iTRBEE L o by
[er5n7)vi_ ng n[a%%{e%ala F?LOJ}PeL;’cS s%rvtir}l%r eafg' %mseparatn.on area was formed
as a distorted layer by a microcavity layer or a layer
10 with a high concentration of ions injected therein in a
depth of the projection range. Subsequently, under
substantially the same conditions as those of the first
ion implantation, ion implantation was again performed
in the range of a 10 mm wide peripheral portion of the
15 substrate. Thereby, the ion implantation amount of the
peripheral portion was about twice that of the central
poxrtion.
After the ion implantation, a surface of the
510, layer and a surface of a second Si substrate
20 separately prepared were overlépped and contacted with
each other, then thermal treatment was performed at
600°C to perform bonding.
While the central portion of the substrate
bonded as described above was held, and the substrate
25 was rotated around a central axis, water jet injection
was performed from the peripheral portion in parallel

with a bonded face under a water pressure of 300 kgf/cm?



Exampl e 6 As an insulating layer, 200 nm of oxidized film
(Sigerr] layer) was fornmed on a surface of a first single- crysta
Si substrate. 5 A first ion inplantation was perfornmed from

t he surface of the first substrate in such a manner that

projection range fell in the Si substratg -In this manner, a | ayer
'serving as a separation area was forned as a distorted |layer by a
m crocavity layer or a layer 10 with a high concentration of ions
injected therein in a - depth of the projection range. Subsequently,
under substantially the same conditions as those of the first

i on i npl ant at i &4 jRIARAEER &5 G WEB -agFheether Fe@aration areahe range

of a 10 nm w de perlpheral ortion of the 15 rate. _ Therehy, the
i on i npl ant at i YRRt qoﬁ"é‘d the wafer ﬁﬁéﬁemﬁs‘#&ﬁf fELeqhdyel¥ni ce

that of the central portion. After the ion
I npl ant ati on, iﬁﬁgcﬁ the Si2 layer and a surface of a second

Si - substrat d | d ted with
| substra et hen ther F}Fé Lﬂ.rtepekrh% ‘&Welﬁzgf aPREHaED %R?ié‘g ed wi

each ot her, ment” was per for err]Cto

perform b%ﬂd' NGrystal 1 and Whidas-¢ Qﬁ x%'t:.l?)‘?xrtl'a Obrikenauhstrate
bonded as descrlrbesd aabovaeyevrvas hel dIJ and the substrate g% vvagg' rotzed

around a centr aoridd oV dutifddy o ithe first ststRerkoiere from the
peri pheral portion in parallel wi th a bonded face under a water
pressure of 30Gdddfgdrmdd |to the second substrate. A remaining part

of the separation layer was left on the surface of the

first substrate. After the separation, the second

10 substrate was annealed at 1000°C. Thereafter, the

separation layer transferred to the second substrate

was polished and removed with CMP device, and its

surface was smoothed.

Specifically, a single-crystal Si layer having

15 a thickneés of 0.2 ym could be formed on the oxidized
Si film. For all in-plane faces, the thickness of the
single-crystai Si layer formed on the insulating layer
as described above was measured in 100 points or
positions. As a result, the uniformity of the film

20 thickness was 201 nm + 7 nm.

As a result of the observation of a cross
section by a transmission electronic microscope, it was
confirmed that no new crystal defect was introduced to
the Si layer and that good crystallizability was kept.

25 Furthermore, after thermal treatment was
performed at 1100°C in hydrogen for one hour, surface

roughness was evaluated with an interatomic force



- 58 - and a dianmeter of 0.1 mm Then, the separation area

was col | apsed and the wafer was remarkably effectively separ at ed.

As a result, the SiJerr] layer, surface single- 5 crystal |ayer and a
part of separatlon | ayer originally formed on the surface of the
first substrate were transferred3Po-the second substrate. A
remai ni ng part of the separation |ayer was |eft on the surface of

t he first substrate. After the separation, the second 10

substrate was anneal ed at 1000[err]C. Thereafter, the separation

! ayer transfery egr %copg SERgng %‘gg &%at Sn averag%’a%qpxg SQ‘SQgﬁRgsr emoved

with CW deV|ce sturrace wa

Speci fi cal I y, ssagk spuatal »Sk Lavet bag R, Hhion fakhigkicasoak 02 pm

could be forne on t For all 1 n-plane faces, the
thi ckness of tRg the _roughﬁgbg ety ahabreinh2y g% ham&@laa S'iewb%:&' ating

| ayer as descri bed above was neasured in 100 points or

positions. As a result gvehewhenf ehsl byiafizelefilmnwag0 formeli ekneaiywas 201

nm 7 nm "As a result of the observation of a cross
section b% a tthessusface elfetheroseconidcsubstpatei brwaes the surfeacksr ned
that no new crystal defect was introduced to the Si layer and that
good crystal |l i 25bithet gpd&exiiept layes and second BybshEekeresiafiider t her nal
treat ment was perfornmed at 1100[err]C in hydrogen for one hour,

sur f ace rPéH&ﬁﬁe§§rﬁa9b§§&P&Qted with an interatonic force

Moreover, when the separation layer remaining
on the first substrate is regenerated by etching or
10 surface polishing, and hydrogen annealing or another
surface treatment is further applied if necessary, the
substrate can be used again as a first or second
substrate.
in the example, the surface area of the Si
15 wafer is transferred to the second substrate via the
separation layer by the ion implantation, but an
epitaxial wafer may be used to transfer the epitaxial
layer to the second substrate via the separation layer
by the ion implantation. Moreover, after the ion
20 implantation of the example, a surface Si0O, is removed,
an epitaxial layer is formed, SiO, is further formed,
then the bonding process is performed, so that the
epitaxial layer may be transferred to the second
substrate via the separation by the ion implantation.
25 In the latter case, the surface area of the Si wafer is
also transferred.

In the aforementioned examples for separating



- 59 - m croscope. As a result, an average square roughness

In 50 pm square was about 0.2 nm which was equival ent to the
roughness of an ordinarily marketing Si wafer. Even when the
oxidized filmwas forned on only 5 the surface of the second substrate
or on the surfaces of the epitaxié® -4 ayer and second substrate,
simlar results were obtained. _ Mor eover, when the
separation |layer remaining on the first substrate is regenerated by
etching or 10 surface polishing, and hydrogen anneal i ng or anot her

surface treat i s further i_ed |f ne essqry, the \ str.ate can
be used again a? 2 FIESES jn:r &gg"g’r? qﬁ% separatlng f%%e Sn t he
exanpl e, the syrface anga Qfedfi8 Jon i;fl-loce sertd 1Idr R qrnrslq%e]t

second substrate Via'the separ ayer the 10n antation,

but an Yidex i R HorBRa %é@%ﬁsctfart@gswumec Qﬁ‘eta@i'nt@'he on

| ayer to the second substrate via the separation |ayer

i npl antation. Miee®rebott I HHee HaAlFwadd sepdrdted bige) OfMdﬂ&v@taﬁm e, a
surface SiQ2 i s renoved, an epitaxial layer is fornmed, SIQ2 is

further fa@& nmedthe sepaztdwai tfhier 10 i sey subetastd mqyerﬁeommﬂ, agairhais t he
epitaxial layer may be transferred to the second substrate via the
separati on by mheemicdndichamtbase sudBtraten fidre dd@isvingadbhe mextsurf ace
area of the Si wafer is al so transferred. , In the

af or enent i oned SS8damkatrafe separat i ng

Additionally, one of the separated base
substrates can be reused in preparing bonded bases,
10 which enhances a yield of base substrate separation.
Moreover, particles generated by the collapsed
separation area can be prevented from causing
contamination in the process. Furthermore, when the
separation is performed by another method using no
15 fluid, the separation yield can be enhanced.
Additionally, a suitable composite member can
be prepared in such a manner that when the base
substrate is separated from the separation area formed
inside the bonded semiconductor base substrate or
20 another composite member, separation does not occur
before the separation process, and separation is

securely performed in the separation process.



- 60 - t he conposite nmenber, even when the separating force is

rai sed, the separation proceeds toward the inside from edges of the
bonded base substrates wi thout breaking one or_both of the hal fway
separ at ed bases. Moreover, 5 the separated first base Substrate-+my be
used again as a sem conductor hagg substrate famsgRl,3j,ning the next
SO substrate. Addi tionally, one of the ¥ d
substrates can be reused in preparing bonded bases, 1i j tces a
yi el d of base substrate separation. Mor ! S
generated by the coll apsed separation area can be prevented from
causi ng WHHR 48 CHAIYMED dSthe process. Furthernore, when the
separation is performed by another nmethod using no 15 fluid, the

separation yiel d can bé-enfaf@R@ration method of gjgompaediiey mepbqy ¢ abl e
conposite nenber can repared in.such a mgnner_ that when the base

. be
substrate is s&fuich &Pntdfash SPaFAtngG Fhg SomPRSHE membelr MU t he
bonded sem condyCctor jaase, sybat r%tesfe at.a %%para%r:}.(gnh%rre%o,n%()%{etc%aaﬁrgéﬁr’

separation doe® 1ot %ké%r he séparati on process

separationg i s S I ]:%Ptq'n HAH AL JHiGESS - and
WHAT | S Clr_sAI I\/Elfﬁr§n 8¢ ﬁﬁeo%,fefp%r . gnsgtﬁjaé%a?%g'n g?ret oé’q{)l%%a cfor%:t)]osi te
nmember a mechanical strength of a peripheral portion of the

separation area being locally low.

2. The separation method according to claim 1
10 wherein the mechanical strength of said separation area
is lower than that of a bonded interface of said

composite member.

3. The separation method according to claim 1
15 wherein said separation area is a porous layer formed

by an anodization.

4. The separatioh method according to claim 1
wherein said composite member substantially has a disc
20 shape; and the mechanical strength of said separafion
area is high in a central portion of said composite
member, low in the peripheral portion and substantially

uniform along a circumferential direction.

25 5. The separation method according to claim 1
wherein the mechanical strength of said separation area

is made non-uniform by forming layer portions different

THIS SHEET HAS BEEN
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wherein a step of separating the conposite nmenber into ' a plurality

of nmenbers at a separation area is 5 cont ai ned, which conprises making
mechani ca
mechani ca
locally | ow by carrying out at |east on®2step selected froma group
consisting of formng portions different 10 from eachs@heHasiBeen Replaced

porosity, [

form ng portions different from each oth
and form ng portions - different fromeach other in ﬂ!mlum HI' El

anount . .
wherein the neéﬁaﬁ9§ﬁs

strength of the separation area non-uniform and
strength of a peripheral portion of the separation area

S,

on

. ) e j nmet hod accor di 15
ity éfﬁ}?h ogxgp%% 2

sal d separation area Is | owner

than that of a bonded interface of said conposi te nenber.

3. The separation nmethod according to claiml1l 20 wherein said separation
area is a porous |ayer ¢ 0r @& separati¥r@methd Ziddding to claim 1 4.
The separation nethod according to claiml wherein said conposite
menber subst anwhddeimahed gdrasit3d of s¥idpeepardtion mEeadiscaetstrengt h
of said separation area is high in a central portion of said
conpositebs

62 -

10

15

20

25

higherhem thevperiphenadr ipohrdimn gdvan dn ohe <epdoadtial |y
uni formalong a circunferential direction.
portion. :

7. The separation method according to claim 1
wherein the mechanical strength is made non-uniform by
forming portions different in thickness from one

another in said separation area.

8. The separation method according to claim 5
wherein said porous layer is formed thicker in the

peripheral portion than in the centfal portion.

9. The separation method according to claim 1
wherein said separation area comprises a plurality of

layers different in mechanical strength.

10. The separation method according to claim 1
wherein said separation area comprises a layer high in

porosity and a layer low in porosity.

1l1. The separation method according to claim
10 wherein the porosity of said layer high in porosity

is higher in the peripheral portion than in the central

THIS SHEET HAS BEEN
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5. The separation method according to claim1 wherein the porosity
of said separation area is set 5 hi gher in the peripheral portion than
in the central portion. 6. The separation nethod
according to claim1 wherein said porous |ayer is forned thlcker in
the 10 peri pheral portion than in the3central porti-en:— e

7. The separation nethod according to claim1l ?ge ei laced
separation area conprises a plurality of | ayer ﬁiﬁm ml ave

mechani cal strength. 15 - 8. The separati rdlng
toclaim1l wherein said separation area conprls

porosity and apexydenl.ow in porosity. 20 . The separatlon
nmet hod according to claim8 wherein the porosity of said | ayer high
in porosity is higher in the peripheral portion than in the central

portion. 25 he_separ.ation h | aim8
wherein the thickness 3+ sa Be|§$8FrB§%PanSSE§é QCSESQBS £d E?aﬁgrgeri
t he peripheral 0 h [ 834 t
central portlonB % %%ﬁe %@Foglégﬁnﬁsgan Fg§grlﬁ¥eﬁ tow-in p°r83?o¥|ty S
set higher in H@esgﬁrﬁggﬁé§l1HOEEEOBeEE§Beral portion than in the

central portion, and the porosity of said layer high in

porosity is set higher in the peripheral portion than

in the central portion.

10 13. The separation method according to claim
12 wherein the thickness of said layer low in porosity
is set higher in the peripheral portion than in the
central portion'of the base substrate by changing a
current density of ahodization in a plane.

15

14. The separation method according to claim
13 wherein a sectional area in which'an ion current of
an anodization liquid flows in the vicinity of a first
base substrate subjected to anodization is set larger

20 than an area of said first base, so that a surface
density of an aﬁodization current flowing into the
peripheral portion is made higher than the surface
density of the anodization current flowing in the
central portion, the thickness of said layer low in

25 porosity is made larger in the peripheral portion than
in the central portion, and the porosity of said layer

high in porosity formed later is made higher in the

THIS SHEET HAS BEEN
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in the central portion. 5 11. The separation method
according to claim 10 wherein the thickness of sald‘iaye¥ low in
porosity is set higher in the peripheral portigg épan in the
central portion of the base substrate by changing a H%Hme§QS|ty

of anodi zation in a plane. 10 - 64 - 12. The hod
according to claim 11 wherein a sectional area
current of an anodi zation liquid flows in the V|C|n|ty o |rst

base substrate subjected to anodization is set Iarger than an area of
said first base, so that a surface Sit % of an anodlzatlon current

f1owing into tm@rlpheralpGHﬁ&&QPaWhﬁﬁrFPoﬁth & BREF1PRan the surface

density of the anodi zation current flownng in the central portion,
the thickness of said [ayer lowin porosity is made larger in the

peripheral portion thang = gud i tpg%a% 0 chah bQoraldd b RIS LY of

said | ayer hi gh i'n por05|ty orne ater

per i pheral PO Rk B B Gl olOiEbOBontrodl ing 13.  The

separation nethod accor wherein a current gui de for
controlling a gistrifuidrP¥d Aorolcur@@ntdl Fedking AW Rtel RuliFaceudiface of

- 64 - a first base substrate is provided in the vicinity of
the first base & fidigtattassl HudritrG ted isaiptosideidzdn ahe vicinity of
the first base substrate subjected to said anodization,
so that the thickness of said layer low in porosity is
varied in the plane.
10
16. The separation method according to claim 1

wherein said separation area is a layer formed by ion

implanting in which microcavities can be obtained.

15 17. The separation method according to claim 1
wherein an ion implantation amount of the peripheral

portion is set larger than that of the central portion.

18. The separation method according to claim 1
20 wherein a fluid is ejected to generate a rupture in

said separation area.

19. The separation method according to claim
18 wherein a water jet method in which high-pressure

25 water flow is spouted from a nozzle is used as a method

arenpama e 5

of ejecting said fluid. 'ﬂﬂSSHEE‘HASbrE\-
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so t hat the thlckness of said layer lowin porosity is - varied in the

pl ane. ———=—=-14""The separation nmethod according to claiml
wherein sald separatlo area, i ¢ | a layer formed by ion inplanting in
whi ch m crocavi® ned 10 15. The separation
met hod accordin ﬁﬁ“ﬁiﬁ‘ wher &5n -an ion inplantation anount of

t he perlpheral Is set larger than that of the central
portion. 16 The separation nethod according to claiml
15 wherein a fluid is ejected to generate a rupture in sai d
separation area. r C rd| ng to
cl gi m 16 wher ei nzoa \/vathéa Se@t]a %gad?nleﬁ:% a a%%f?r}%#;%r é:;%s%(ra'e

vater flow is spoyieddirom %fgﬁzﬁéh%é %fl%%(ida%o%t W1l nempez Of € ect!ng

said fluid. e separation ccor dl ng to claim
16 wherein a sipraGdla &@déééo@&s'zfe%él‘%}ﬂ?@ thed fltﬁWﬂ§65 a recess

for receiving the fluid and generating a force in a direction in
whi ch the geiRiAAlnOR FRtd LS lladedionlah which the _
19. The separ ation met hod according to claiml wherein a first base

substrates s f ceapadrdpniomldreg ds pushed/extended.

21. The separation method according to claim 1
wherein a first base substrate is formed by making a
single~crystal silicon substrate partially porous to
10 form a porous single-crystal silicon layer and
epitaxially developing a non-porous single-crystal
silicon layer on the porous single-crystal silicon

layer.

15 22. The separation method according to claim
21 wherein said first base substrate and a second base
substrate are bonded through an insulating layer, and
the insulating layer is formed by oxidizing a surface
of the non-porous single-crystal silicon layer of said

20 first base.

23. The separation method according to claim 1
which comprises implanting ions in a predetermined
depth of a first base substrate comprising a single-

25 crystal semiconductor to obtain as said separation area
an ion-implanted layer in which a microcavity layer can

be obtained; bonding said first base substrate and a

”"l", "m THIS SHEET HAS BEEN
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single-crystal silicon substrate partially porous to forma porbus
single-crystal silicon |ayer and 5 epitaxially developjng.a _non- por ous

si ngl e-crystal silicon layer on the porous sin e crystal S|I|con

| ayer. 20. The separation nethod acc HascBeexi Replated 1

19 wherein said first base substrate and6a-second base te are
bonded t hrough an insul ating |ayer, and t he ins !r
formed by oxidizing a surface of the non-porous S|ng e-cry

silicon | ayer of said - first base. 15 21. The
separation nmethod according to claim1l rises ipmplanting
ions in a predé@@Pﬁﬁn@Gse SUbStHéﬁﬁhth°§tPFPsFhﬁagemgggéfﬁanmggﬁpFPs|ng a
S|ngle- ystal sem conquctor, to obtain_a id,s ration area 20
an ion- |nplant¥HlF§y€P Fﬁ“wﬁﬁ@ﬂa& ﬁpcfﬁgﬁvP%ysPé ?lggﬁ Blde be obtalned

bonding said 13t base SUDSLLALS A Spuara; oRACEYLRARG SuBSLEA ol

obtain the co

npl an ace o sald
first base %;éb%ta [ f $aRG S'cto 2l n%‘ittenwaﬁléerar&@ %ﬁ%&b&g aafilguid to
25 a side fac&' ST SA conposi t separate sa
conposi t e gTenbefymposite member. -66 - 22. The separation
met hod according to claim1l wherein a side face of said conposite
menber conprises a recess for receiving a fluid and generating a
force

24. The separation method according to claim 1
wherein a side face of said composite member comprises
a recess for receiving a fluid and generating a force
10 in a direction in which an ion-implanted layer is

pushed and extended.

25. Thé separatioﬁ method according to claim
23 wherein said ion-implanted layer has a lower

15 mechanical strength than said bonded interface.

26. The separation method according to claim 1
wherein a difference between a porosity of said
peripheral portion and a minimum value of the porosity

20 is 5% or more.

27. The separation method according to claim 1
wherein a difference between a porosity of said
peripheral portion and a minimum value of the porosity

25 is 10% or more.

28. The separation method according to claim 1

THIS SHEET HAS BEEN
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in a direction in which an ion-inplanted |ayer is 5 pushed and
ext ended. C o 23, ' The separation net hod according to claim.
21 wherei n sairfls sRIHIBARLEMed ayer has a | over mechani cal strength

t han said bond ' 10 24. The separation nethod
according to clel w]mu Imn
peri pheral porth '

erein a di&fference between a porosity of said
mum val ue of the porosity I's 5% or nore.
15 25. The separation nmethod according to claim1l
wherein a difference between a porosity of said peri pheral portion
and a m ni nrum val ue of the porosit ) s 10% or nore. 20
26. The separ a¥h§RedBt RoRCRLEILY ARG £81d| ReRipheral PQRELEPNLF porosity of
sai d peripheral portiqQn._is selected fr a _range bet 20% or nore
and 80%or selpgted f3em a range Betwesn Hplor pdra FBA AU®N6d
according to céain11 wherein a porosity of said peripheral portion is
sel ected from e?ﬁhge bet ween 35% or nore and 80% or | ess.

5 29. The separation method according to claim 1
wherein a porosity of said peripheral portion is
selected from a range between 35% or more and 80% or

less.

10 30. The separation method according to claim 1
wherein a porosity of said central portion is selected

from a range between 5% or more and less than 35%.

31. The separation method according to claim 1
15 wherein a porosity of said central portion is selected

from a range between 5% or more and less than 20%.

32. The separation method according to claim 1
wherein said separation area comprises a portion with a
20 high mechanical strength larget than said peripheral

portion.

33. The separation method according to claim 1
wherein said separation area comprises a portion with a

25 high mechanical strength in a position deviated from a

center of said composite member. [ .
P { IHIS SHEET HAS BEEN
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28. The separation nethod according to claim1l 5 wherein a porosity of

said central portion is selected froma range between-5%-or-nore and
| ess than 35% 29. The separation nmethod according to
claiml wherein a porosity of said central portio lﬂ%W%Hhﬁb&ﬂéla
froma range between 5% or nore and | es$8t ran 20% The
separation nethod according to claiml wherei n sal ﬂ rea
conprises a portion with a hi gh mechani cal strength Iarger
peri pheral 15 portion ' 31 The separation nethod
according to claim1l m@hr |§ t| ar, 8% @
portion with a %% gﬁ& reng %.o&napgfﬁ?ﬁgh EéV|ated from
a 20 cent er_ of
preparation nefh% fﬁgﬁ% sem uct Fertian ?ﬁﬁ???afgcﬁﬁﬁﬁ§§w¥§ separation
met hod accordi g gig 1. cIa|n11. 25 33. A preparation
nmet hod of a sem conduct or substrate conprising the steps of:
-68 - forming in a first base substrate a separation
ar ea; bondi ng the first base substrate and a second

5 35. A preparation method of a semiconductor

substrate which comprises separating a composite member
formed by bonding a first base substrate and a second
base substrate to each other into a plurality of
members at a separation area formed in a position

10 different from a bonded face, a mechanical strength of
the separation area being non-uniform along the bonded
face, and a mechanical strength of a peripheral portion

of the separation area being locally low.

15 36. The preparation method of the
semiconductor substrate according to claim 35 wherein
the mechanical strength of said separation area is

lower than that of said bonded face.

20 37. The preparation method of the
semiconductor substrate according to claim 35 wherein
said separation area is a porous layer formed by an

anodization.

25 38. The preparation method of the
semiconductor substrate according to claim 35 wherein

said composite member substantially has a disc shape,
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base substrate to each other, so as to forma conposite 5 menber; and

separating the conposite nenber into a pl urality-ef- nenbers_at t he
separation area; wherein said form ng step conprlses naklng
mechani cal strength of the separation area non-uniform eﬁﬁ@S&%ﬁ Repicgyal
strength of the peripheral portion of - 69 - the separati

| ow by carrying out at | east one step selected fro ,”"r
consi sting of form ng portions different fromeach other

porosity, form ng portions different fron1each other in

t hi ckness, and ng tlons differen f C h
i npl antation ar%’@nrph mechanidal streg tkT e rggagg Fgﬁt%g §%

sem conductor A 18l & %aﬁ%glngo&%lshab@ 314" EoRRs 140 m hﬁ%rnegw' cal

strength of sai separatlon area ower o sai d bonded
face. in the p%éipﬁggaﬁrﬁB@EithQnﬁﬁ%h@@t@ht&%ﬂly unif&@m conduct or
substrate according to claim33 wherein said separation area is a
porous layer fQusg Eycﬁ&cumfereﬁ&&dﬂza&k@&tlon. _ 36.
The preparation nmethod of the sem conductor substrate according to
cl ai m 33 wherein sai d conposite nenber substantially has a disc
shape, and the nechanical strength of said separation area is

39. The preparation method of the
semiconductor substrate according to claim 35 Whéreih
the mechanical strength of said separation area is made
non-uniform by forming layer portions different in

10 porosity from one another.

40. The preparation method of the
semiconductor substrate according to claim 35 wherein
the porosity of said separation area is set higher in

15 the peripheral portion than in the central portion.

41. The preparation method of the
semiconductor substrate according to claim 35 wherein
the mechanical strength is made non-uniform by forming

20 portions different in thickness from one another in

said separation area.

42. The preparation method of the
semiconductor substrate according to claim 42 wherein
25 said porous layer is form&d thicker in the peripheral

portion than in the central portion.
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5 high in a central portion of said conposite nenber, |ow in the

peri pheral portion and substantially uniform --al-eng--a-et+eunferenti al
di rection. 37. The preparation nethod of the 10

semi conduct or substrate according to clai m 33 wher ei rfhis Sheet Has Been Replacedi t y
of said separation area is set higher=i O - the pey on than
In the central portion. 38. The prepar of the
15 sem conductor substrate according to claim35 wherein said
porous |ayer is fornmed thicker in the peripheral portion than in the
central portion. . rat L.gn thod of the 20

sem conduct or substraté3acc3P8iRﬁeggrgﬁgﬁﬁp§§gaﬁ§rg?ntﬁg sai d

separation are%g%ﬁ%@%hﬁ%%O@ RLYERhtY %%cb%ﬁ?hﬁ to claifi Bisek@ireih

nmechani cal streén _ . The preparation nethod of the 25
sem conduct or gubyl LA ratiehda?eal Bombdiedd aMpliality of laFets

separation area conprises a |layer high in porosity and a |l ayer | ow
in porosity. dJifferent in mechanical s#tengith.preparation nethod of the

sem conductor substrate according to claim40 wherein the porosity
of said | gyer high in porosity is higher In the peripheral portion

than in the central portion.
44. The preparation method of the

semiconductor substrate according to claim 35 wherein
said separation area comprises a layer high in porosity

and a layer low in porosity.

10
45. The preparation method of the
semiconductor substrate according to claim 44 wherein
the porosity of said layer high in porosity is higher
in the peripheral portion than in the central portion.
15

46. The preparation method of the
semiconductor substrate according to claim 44 wherein
the thickness of said layer low in porosity is set
larger in the peripheral portion than in the central

20 portion,'and the porosity of said layer high in
porosity is set higher in the peripheral portion than

in the central portion.

47. The preparation method of the
25 semiconductor substrate according to claim 46 wherein
the thickness of said layer low in porosity is set

larger in the peripheral portion than in the central
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5 ..__.42. The preparation nethod of the séniconductor
substrate according to ¢lraim40 wherein the thickness of said | ayer

| ow i n porosit Yhit Shest Bhs Been Re aqharger_in the peripheral portion than in the
cﬂm porosity of said layer high in

central 10 p

porosity is set Tmmmmm' peri pheraFlportion than in the central
portion. The preparation nmethod of the 15

sem conductor substrate according to claim42 wherein t he thickness

of said layer lowin porosity is set | arger in the peripheral

hangi ng a cur PRRELoR O She bees sBEKsARecky ARrRALRg i SuEebhe "
44. The preparaghg%tgeggogngﬁigg%ion Fnaﬁzgﬂgﬁgpductor substrate according

to claim43 wherel sectl ona I'n which an ion current of an
anodi zation liquid flows in the vicinity of said first 25 base substrate

~ subj ected to anodi zation is set |arger than an area of said first
base, so that a surfacas. The geeparutabnameshodi adt ithe current flow ng
into the - 71 - peri pher al
portion i § madsehigbadutitar shbstuwatacaccordingetsi tadim #dAewheodinati on
current flowing in the central portion, the thickness of said layer
low in psegtiopails amede inawhdchi ant henpeurplaitabfpsanti on t han

anodization liquid flows in the vicinity of said first
base substrate subjected to anodization is set larger
than an area of said first base, so that a surface

10 density of an anodization current flowing into the
peripheral portion is made higher than the surface
density of the anodization current flowing in the
central portion, the thickness of said layer low in
porosity is made larger in the peripheral portion than

15 in the central portion, and the porosity of said layer

- high in porosity formed later is made higher in the

peripheral portion than in the central portion.

49. The preparation method of the
20 semiconductor substrate according to claim 47 wherein a
current guide for controlling a distribution of ion
currents flowing in the surface of said first base
substrate is provided in the vicinity of the first base
substrate subjected to said anodization, so that the

25 thickness of said layer low in porosity is wvaried in

the plane. THIS SHEET HAS BEEN

REPLACED
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5 in the central portion, and the porosity of said |ayer high in

porosity fornmed later is nade higher in the peripheral-—portion_than
in the central portion. 45. The prepar |on met hod of the
10 sem conductor substrate according to claim43 wher t H ufkmueumk@nt
guide for controlling a distribution ef72on curren the
surface of said first base substrate is provided i

the first base substrate subjected to said anodizatlon o) t the
15 t hi ckness of said layer lowin porosity is varied in t he plane.

46. The preparation ne ubstrate according

to claim33 wherein %BOdSELS ?ESRPﬁFtéﬂnapéggd Ct%[ﬁé&r formed by ion
| mpl anting in %%'%ggghﬁﬁgggvshbg%rg%g Qg ?E?h edy claim 35 w whezel Pg7cllrﬁt

preparation ITE m con UbSt rate accor

33 wherein ﬁafbgﬁrh%ﬁbﬁnkééhoEsaEDEQ%lefbgﬁeﬁebypﬁéha' portlon s

set | arger than % the central port
48. The prepar athant&hBOQnotm&Eﬁ microca®¢¥iesnegdat 8k aul&atthetie accordi ng

to claim33 wherein a fluid is ejected to the vicinity of said
separati og area to generate a rupture in said separation area. 5
51. The preparation method of the
semiconductor substrate according to claim 35 wherein

an ion implantation amount of the peripheral portion is

set larger than that of the central portion.

10
52. The préparation method of the
. semiconductor substrate according to claim 35 wherein a
fluid is ejected to the vicinity of said separation
area to generate a rupture in said separation area.
15

53. The preparation method of the
semiconductor substrate according to claim 52 wherein a
water jet method in which high-pressure water flow is
spouted from a nozzle is used as a method of ejecting

20 said fluid.

54. The preparation method of the
semiconductor substrate according to claim 52 wherein a
side face of said composite member comprises a recess
25 for receiving the fluid and generating a force in a

direction in which the separation area is

THIS SHEET HAS BEEN
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49. The preparation nethod of the sem conductor substrate according

to claim48 wherein a wat er jet nmethod in which high-pressure water
flowis spouted froma nozzle is used as a net hod- ef—ejeet+ng-- 10— -
said fluid. 50. The preparation method of the

semi conduct or substrate according to ¢t ##3n-48 wherein a This Sheethlad BednReplaced
sai d conposite nenber conprises a recess 15 for receivi nd
generating a force in a direction in which the separ

pushed/ ext ended. : 51. The preparation nmethod of the

sem conductor substrate_according to claim33 whe %%E said first base
substrate is formed by ki me ByeRA%Ation me'g}cg;it ™9 con substrate

tiall to f ' £- t i 14 |_ay. d
ol tax al 15 Senfroitiifor, snai a4 ol 37 e H er "on
25 the por Ousi%fﬁg#ﬁ%%yﬁégé éﬁﬂé%é YL 'formed by making a Eé%.ng-ﬁ.@

preparation net sem conduct or substrat’e

according t o clgya iy Wl fidh substrd dd¢ 1 RS RS E R h Sal ¢

second base substrate are bonded through an insulating |ayer, and
the insul &ing pewdiis | §1APT B PyOXI £h Zi digh Gﬂ,?éfaé‘a&i epitaxinfllshe
non- porous single-crystal silicon |ayer of sai

developing a non-porous single-crystal silicon layer on

the porous single-crystal silicon layer.

56. The preparation method of the
10 semiconductor substrate according to ciaim 55 wherein
said first base substrate and said second base
substrate are bonded through an insulating layer, and
the insulating iayer is formed by oxidizing a surface
of the non-porous single-crystal silicon layer of said

15 first base.

57. The preparation method of the
semiconductor substrate according to claim 35 which
comprises implanting ions in a predetermined depth of a

20 first base substrate comprising a single-crystal
semiconductor to obtain as said separation area an ion-
implanted layer in which a microcavity layer can be
obtained; bonding said first base substrate and a
second base substrate to obtain the composite member in

25 which an ion-implanted face of said first base
substrate is positioned inward; and ejecting a fluid to

a side face of said composite member to separate said

THIS-SHEET HAS BEEN
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first base. 53. The preparation nmethod of the

sem conduct or - substrate-according to claim33 which 10 conpri ses
inplanting ions in a predeterm ned depth of a first base substrate
conprising a Shi h%ﬂ&# smékmmmd sem conductor to obtain as said
separation are |nplanfea4layer in which a mcrocavity |ayer
can be ng said first base substrate and a 15

second base substrate to o aln t he conposite nmenber in whi ch an
ion-inplanted face of said first base substrate is positioned

i nward; and ej g hh%% f o] a side face of said conposite nenber
to separate salg’ 1te (Ir:n%%gtsrl te menber. 20 54. The
preparation nethod of the sem conductor substrate according to claim
33 wherein a side face of said conmposite nenber conprises a recess
for receiving a fluid &8l games preparatiohtaeithod oZ5the direction in which
an ion-inplanted | ayer is pushed and ext ended.

74 semicomducHor ubstratteoacoetridddgoftot kdaim 35 whemedona@uct or
substrate according to claim53 wherein said ion-inplanted | ayer has
a | ower néchanisddle face ofstsaddgicompsi teamgmbendedmpirises a Fecess

56. The preparation nethod according to claim
for receiving a fluid and generating a force in a

direction in which an ion-implanted layer is pushed and

extended.

10 59. The preparation method of the
semiconductor substrate according to claim 57 wherein
said ion-implanted layer has a lower mechanical

strength than said bonded place.

15 60. The preparation method according to claim
35 wherein a difference between a porosity of said
peripheral portion and a minimum value of the porosity

is 5% or more.

20 61. The preparation method according to claim
35 wherein a difference between a porosity of said
peripheral portion and a minimum wvalue of the porosity

is 10% or more.

25 62. The preparation method according to claim
35 wherein a porosity of said peripheral portion is

selected from a range between 20% or more and 80% or
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33 wherein a difference between a porosity of said peri pheral portion

and a m ni mrum val ue of the porosity Is 5% or nore. 10

57. The preparation nethod according to claim 33 wherein a difference
bet ween a porosity of said peripheral portion and a m ni mum val ue of
the porosity is 10%or nore. 15 75 - 58. Theprepar-ati-on..
nmet hod according to claim 33 wherein a porosity ofnsgl.d | pher al
portion is sel ected froma range between 20% or no laced

| ess. 20 59: The preparation method accor%ﬂﬂm‘mﬁw

33 wherein a pg&ggity of said peripheral portion is ' a
range bet ween o or nore and 80% or | ess. 25 60. The
preparation nethod according to claim 33 wherein a porosity of said
central portion is - 75 - selected froma range

bet ween 5% or nore andgl3gss The@preparatidd’method according tolclBiam
preparation nmethod according to claim 5 33 wherein a porosity of said

central portioss wherein %€lpetioed thr of saidngeripherel phraricmre and | ess
t han _ _
5 selected from a range between 35% or more and 80% or

less.

64. The preparation method according to claim
35 wherein a porosity of said central portion is
10 selected from a range between 5% or more and less than

35%.

65. The preparation method according to claim
35 wherein a porosity of said central portion is
15 selected from a range between 5% or more and less than

20%.

66. The preparation method according to claim
35 wherein said separation area comprises a portion
20 with a high mechanical strength larger than said

peripheral portion.

67. The preparation method according to claim
35 wherein said separation area comprises a portion
25 with a high mechanical strength in a position deviated

from a center of said composite member.

L
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20% 62. The preparation nethod according to claim 10 33

wherein said separation area conprises a portion with a high
mechani cal strength | arger than said peri pheral portion.

63. The preparation nethod according to claim 15 33 wherein said
separation area conprises a portion =~ 76 with a high mechanical strength
in a position deviated froma center of said conposite nenber

64. A conposite nenber conprising a separation 20 area inside, wherein
mechani cal strength of the: separation area i s non-uniformalong a
surface of the o 0Si,t [ rtl di.tfere .each
other in porosity or pggpioﬁbgﬁﬁgggggﬁt%%gg%?égg&gg?%érg @ %Ep%ﬁgghggkness

or portions di Ghgaeihslisan eanlcRbiita steingthObel EheABEpiaf 1D UN
whi ch portions nake mechani ca strength~of a peripheral portion of
the separati ons268@being nbdCni¥or@iValdng BokiRdace e thepaompodltey ea.

member, a mechanical strength of a peripheral portion

5 of the separation area being locally low.
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