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-1- THPN M FORMATI ON USI NG LASER BEAM HEATI NG TO SEPARATE géggRS
‘BACKGROUND OF THE | NVENTION Field of the Invention 5 pr esent
i nventin relates to a process for formng a thin filmfor
subst#ate, or a photoelectric transduce wposverl - 1g cel?gaa]hs%%?ﬁs
Ors. Rel ated Background Art 10 § THIS SHEETHEW § ated circuit forfed on
ubstrate of structure of SO (s-nibonﬂﬁ@ﬂ“ﬁmbn Lpgul at or) has vari ous
dvant ages over integrated CircCuit Shui=e N a usual silicon wafer, such
as (1) ease of separation of THIN ¢lIEM FORMATION FROOBSSpot entiality of high
15 I ntegration, (2) high resistance against radiation ray, (3) |ow
floating capacity and hi gh speed processing, (4) no welling process
required, (5) capability of latch-up prevention, and (6) high speed and | ow
ener gy consunpBAEGKGBAUNG OF ETBEMaNVBNT&ONa t hin conplete 20 depl eti on
type field effect _transistor. For formation of a substrate of the SO
structure, netRd84daP€ heclkp¥eRtiAnu. S. Patent 5,371,037, and T. Yonehara
et al., pl. Phys. lett., vol.g4, 2128 (19@4%. Figs. 16A to 16E, and Figs.
17A to 17D show 25 The; REeBPBLeiBRENtiPR FRLAGLSWERGR, PFRECATENEPEIs 1 and 5
I ndi cates an Si._water, 2 no rous_Si | r rous_Si layer, 4 an
epitaxial Si |£§?£’P‘,§~n8 2 Eﬁf‘r& 520m°2gr en’ 88T suBsErBe) 3

photoelectric transducer such as solar cells and area

sensors.
Related Background Art

10 The integrated circuit formed on a substrate of
structure of SOI (semiconductor on insulator) has
various advantages over integrated circuits formed on a
usual silicon wafer, such as (1) ease of separation of
a dielectric material and potentiality of high

15 integration, (2) high resistance against radiation ray,
(3) low floating capacity and high speed processing,
(4) no welling process required, (5) capability of
latch-up prevéntion, and (6) high speed and low energy
consumption owing to formation of a thin complete

20 depletion type field effect transistor.

For formation of a substrate of the SOI structure,

methods are disclosed in U.S. Patent 5,371,037, and T.
Yonehara et al., Appl. Phys. Lett., v51.64;~2108
(1994). Figs; 16A to 16E, and Figs. 17A to 17D show

25 the processes. In the drawings, the numerals 1 and 5
indicates an Si wafer, 2 a nonporous Si layer, 3 a

porous Si layer, 4 an epitaxial Si layer, 6 a single

T




crystalline Si layer, and 7 an Si oxide layer. Si wafer 1 as a device
‘substrate shown in Fig. 16A is anodi zed to prepare a substrate constituted
of nonporous Si layer 2 and porous Si laygr_ 3 forned 5 t hereon as shown
in Fig. 16B. Epitaxial layer 4 is formed on the surface of porous Si |ayer
3 as shown in Fig. 16C. Separately, Si wafer 5 as a supporting substrate
shown in Fig. 16D is provided, and the surface is oxidized to forma
substrate constituted of 10 nonocrystalline Si layer 6 and Si oxide

layer 7 on thexSyds20a s sshQwydy) Rind 716h sihoxddes Wagier .(2,5i3, 4) of
Fig. 16Cis turned over, and is placed on the substrate (6, 7) of Fig. 16E
with epitaxi awdfeerl asard déivied dabstyarte/ shown dnpdsigd dSAshHeswn in Fig.
17A. 15 The two substrates are bonded by adhesi on of epitaxial |ayer 4
to Si oxide | apedizess tsh@emepare-iay subEratiec consiidnded Sf | ayer 2 is
renoved mechanically by grinding fromthe non-bonded | ayer side to uncover
porous Si | ay@onpaxoush&in Jayem ¢ appcpomeusy$isilayer 3 formed s renpved
by wet etching with an etching solution for selective etching of porous S
| ayer 3 & shdheneerriag shown drofiig n 168 -soEPd el JayeF %’g i taxi al

| ayer 4 of extrenely uniformthjckness for a m.conduct or_ of an SQ
su%st rate. 25 formed on the,& ﬁr‘éo€8§§ulso% &G %atsnghé)ﬁ%%tlpat e of

an SO Sl uCt ity AR U S AT & VeSS I Uikt ot e o
substrate shown in Fig. 16D is provided, and the
surface is oxidized to form a substrate constituted of

10 monocrystalline Si layer 6 and Si oxide layer 7 on the
surface as shown in Fig. 16E. The substrate (2, 3, 4)
of Fig. 16C is turned over, and is placed on the
substrate (6, 7) of Fig. 16E with epitaxial layer 4 and
Si oxide layer 7 counterposed as shown in Fig. 17A.

15 The two substrates are bonded by adhesion of epitaxial
layer 4 to Si oxide layer 7 as shown in Fig. 17B. Then
nonporous Si layer 2 is removed mechanically by
grinding from the non-bonded layer side to uncover
porous Si layer 3 as shown in Fig. 17C. Porous Si

20 layer 3 is removed by wet etching with an etching
solution for selective etching of porous Si layer 3 as
shown in Fig. 17D to obtain an SOI substrate having
epitaxial layer 4 of extremely uniforﬁ thié;;ess for a
semiconductor of an SOI substrate.

25 In the above process for producing the substrate

of an SOI structure, nonporous Si layer 2 is removed

from the substrate of Fig. 17B by grinding to obtain



1the substrate of Fig. 17C. Therefore, one substrate 1 to be worked into
*two- | ayers of nonporous |ayer 2 and porous layer 3 is required for
production of each one SO substrate. Jappnese Patent Application Laid-Open
5 No. 7-302889 discloses a nethod of repeated use of nonporous Si |ayer
2 in the SO substrate production process. In the disclosed process, parts
4,7,6 for the SO substrate is separated frompart 2 at porous |ayer 3 by
applying a pulling, squeezing, or shearing force, 10 or inserting ajig
into porous | aney sabsti@tecipd Figd NOCROr dheriforayeon? isubstedtecpeat edly
as Si wafer 1 of Fig. 16A. Nowadays, nost of solar cells enploy anorphous
Si for the st ridcber eoxkiedalinto dwo-dagers of. ndoporous layer 2 and
nonocrystalline Si and polycrystalline Si are also noticed for the solar
cells in vi ewpeirouse Layams Sudisngeaufirede for predusdippf efi g@cloPnejapanese
Pat ent Application Laid-Open No. 8-213645 di scl oses a process of providing
a thin film sS03r subsitratea | Japepese Patept Applicatiop.Lleids0pshs S
| ayer 3 is formed on Si wafer 1; thereon, pbgr%]-t e Si, layer 21, p-type
Silayer 522, ¥ed A802B8Y fdsslosef.a aethed g om\{’gﬁithxiu ¢ or sol ar
cell layers; protection_l.ayer 30, s _fqrne n nterrl-layer %-."g 3l is
bonded to rev%P?@°f88§ St 3RYREr & P %ﬁ& %Pg fg%ltrgfei§§ gﬁ & Jo'(%lhto t he
surface of prolegllan | #hri0 LAY Koatbsad,| gacth 327256° R il
respectively rinopposité directrons to eak poroQs SI layér 3 -4-
SOI substrate is separated from part 2 at porous layer
3 by applying a pulling, squeezing, or shearing force,
10 or inserting a jig into porous layer 3, and separated
nonporous Si layer 2 is used repeatedly as Si wafer 1
of Fig. 16A.
Nowadays, most of solar cells employ amorphous Si
for the structure suitable for large area. However,
15 monocrystalline Si and polycrystalline Si are also
noticed for the solar cells in view of the transducing
efficiency and the life thereof. Japanese Patent
Application Laid-Open No. 8-213645 discloses a process
of providing a thin film solar cell at a low cost. In
20 this process, porous Si layer 3 is formed on Si wafer
1; thereon, p'-type Si layer 21, p-type Si layer 22, and
n*-type Si layer 23 are grown epitaxially for solar cell
layers; protection layer 30 is formed on n'-layer 23;
jig 31 is bonded to reverse face of Si wafer 1 and jig
25 32 is bonded onto the surface of protection layer 30 by
adhesive 34; jigs 31,32 are pulled respectively in

opposite directions to break porous Si layer 3



mechanically to separate solar |ayers 21,22,23. The solar cell |ayers

21, 22,23 are interposed between two plastic substrate to provide a flexible
thin filmsolar cell. This disclosure nengjions repeated use of Si 5

wafer 1, and partial notching 33 of the edge side face of porous Si |ayer 3
by mechani cal nethod or |aser beamirradiation. In production of SO
substrates, the process disclosed the aforenentioned Japanese Patent 10
Application Laid-Cpen No. 7-302889 enabl es reduction of the production cost
by repeated ussedHarialQiy Wad esepadimtmy esglarhilayextsh@l ,i22 /12&. s&thesf actory
in reproducibility. In production of solar cells, the process 15

di scl osed in tselaborell degrease Hat2ht23 \@ne darterpased) bgiweam . twd 213645
does not always allow definite separation at the porous Si |ayer, causing
occasi onal | y @iasting substratpitepravidga fle% tthip fdd SR Fuct i on
yield. Further, this process conducts the 20 separation by mechani cal

pul 1ing, whi cieeldguir %t@%%i%ﬁ&%&?ﬁ%ﬁf&%d’ e
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effective use of td& +ion. -
In production of SOI substrates, the process
disclosed the aforementioned Japanese Patent
10 Application Laid-Open No. 7-302889 enables reduction of
the production cost by repeated use of the Si wafer.
However, this method is not satisfactory in
reproducibility.
In production of solar cells, the process
15 disclosed in the above Japanese Patent Application
Laid-Open No. 8-213645 does not always allow definite
separation at the porous Si layer, causing occasionally
cracking in the epitaxial layer to result in lower
production yield. Further, this process conducts the
20 separation by mechanical pulling, which requires strong
adhesion between the jig and the monocrystalline Si
layer and is not suitable for mass production.
SUMMARY OF THE INVENTION
25 An object of the present invention is to provide a
process for forming a thin film at a low cost with

definite separation of a wafer with efficient



resource with high productivity in production of photoelectric transducer
*devi ces such as solar cells. After conprehensive studies for solving the
above 5 probl ems, the process bel ow hag been found by the inventors of
the present invention. The process of the present invention for formng a
thin filmconprises a step of separation of a substrate constituted of a
nonporous | ayer, a porous |ayer formed thereon, and a 10 | ess porous

| ayer which has a |l ess porosity than that of the porous |ayer forned
further on theriaridscicdy &f ithe wdfemn e ;ffdctiare arsk tdie thess por ous

| ayer at the porous |ayer, the step of separation being caused by
projecting a |mssurmamwittlr dugh tgrodictd vidge iof predudtion afhstrate into
the center of the substrate. The |laser beamis preferably focused onto the
si de edge facehutadleghristransduaar desticashsusdr A% SBAT .CelHS por ous

| ayer is formed on the nonporous |ayer desjirably by anodization of an S
waf er. The 20 néfif&n eenpeahensive, stidies FPH%Eng e 1ahaRe 1 or ce

to the substrate by a vacuum chuck hrqught into close contact with the face
reverse to t h@TRIERS | LG %ﬁ"ﬂ'ﬁssﬂ@(}q"géé’ra%é?ﬁﬁ'} sfs‘ﬁ‘l"’ﬁfg?%b?rﬁf an exci mer
Lo pl ural si T SOVEIYIRE 508 G (RRRSA U BN SR e o R RE B o) &
cylindrical 1ens ont GndddiSid Y bdnl I trith 30 dfpRUays | aver.
step of separation of a substrate constituted of a
nonporous layer, a porous layer formed thereon, and a
10 less porous layer which has a less porosity than that
of the porous layer formed further on the porous layer
into the nonporous layer and the less porous layer at
the porous layer, the step of separation being caused
by projecting a laser beam through the side face of the
15 substrate into the center of the substrate.
The laser beam is preferably focused onto the side
edge face of the porous layer to swell the porous
layer. The porous layer is formed on the nonporous
layer desirably by anodization of an Si wafer. The
20 nonporous layer may be pulled by applying a slight
force to the substrate by a vacuum chuck brought into
close contact with the face reverse to the porous layer
side. . h
The laser beam is preferably an excimer laser beam
25 in the present invention. The laser beam may be

projected to plural sites of the porous layer. The

laser beam may be focused by a cylindrical lens



The af orementioned | ess porous |ayer is preferably fornmed on the porous

‘| ayer by epitaxial growh. After the epitaxial layer is bonded to a
supporting substrate 5 havi ng an insylgtlon | ayer at | east on the
surface, the separation is caused at the porous |ayer. The porous |ayer
remai ning on the epitaxial layer is renoved to utilize the epitaxial |ayer
and the insulation | ayer respectively as a sem conductor |ayer and an 10
underl aying insulation layer of an SO substrate. The supporting substrate

having an insulig{d4¥y Al B8 prfdcten tdiRrg ke porouy dfegreahl y prepar ed
by oxidation of the surface of an Si wafer. O herwi se, an insulating |ayer
is formed on the emHedfdrdnreticied lexs fpporyus tlayemhdslaraferably
supporting substrate; separation is caused at the porous |ayer; the

remai ni ng por dicscniesd en i the @unaets fkayen thy @pitedial grpwthandfyer
epitaxial |layer and the insulating |layer are enployed respectively as the
sem conduct or they@pitakiml layer imdandacdq & FURRFTEING SURFTEEE so

substrate. The supporting substrate may be either an Si wafer havi an
oxi di zed Bur f havigg anyuhRsulatinn (La¥er Ak least ﬁB’rJﬁ?l ey

wafor. by subSERREELbAS ATEEG T TR PBTI LA Rs (e A2t ne
bondi 19,01 119555 AURRAPIS! 4 I SMI SR tigiqed 1

utilize the epitaxial layer and the insulation layer
respectively as a semiconductor layer and an

10 underlaying insulation layer of an SOI substrate. The
supporting substrate having an insulating layer at
least on the surface is preferably prepared by
oxidation of the surface of an Si wafer. Otherwise, an
insulating layer is formed on the epitaxial layer

15 surface; it is bonded to a supporting substrate;
separation is caused at the porous layer:; the remaining
porous layer is removed from the epitaxial layer; and
the epitaxial layer and the insulating layer are
employed respectively as the semiconductor layer and

20 the underlying insulation layer of the SOI substrate.
The supporting substrate may be either an Si wafer
having an oxidized surface or a quartz substrate.

The less porous layer may be forﬁed, é;fer the

formation of the porous layer by anodization of the

25 wafer, by subsequent anodization with less current

density. After the bonding of the less porous layer to

the supporting substrate, the separation is caused, and



photéelectric transduci ng | ayer of a photoelectric transducer. The
‘phot oel ectric transducing | ayer may be nade of an epitaxial |ayer. The
substrate and the 5 | ayers are prefeLagly formed fromsilicon. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a separation step in
Enbodiment 1 in which a | aser beamis projected to a porous Si 10 | ayer.
Fig. 2 illustrates substrates after the separation. Fig. 3 illustrates a
step for producing an SO substrate by enploying an Si wafer as the base

material 15 the [8H90poROEs llayes. mdy i bé Usiip Bowed adis &) substrate
produced by a step for producing an SO substrate by enploying an Si wafer

as the base nupRetedledtEidotiansdudingi Dsyes/of 58, phidtoelectfic! | ustrate
steps for 20 produci ng an SO substrate by enploying a quartz plate as
t he base mat ertednsducabodi Tieatplotdelsctic GRnsticingl Biyer |nay rbe e

steps for producing an SO substrate by enploying an Si wafer as the base
material in Enbedeneftan epbtaxial layegys. The S&%S?¥§t%uﬁp¢tﬁk?lustrate

steps for_producing an SO substrate Fﬁgﬁ. 8A, 8 8C, and 8D illustrate
steps forS -BeYeF® e erafereily frrred fre SILGMysirates a

separation step in Enbodi nent

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 iilustrates a separation step in Embodiment

1 in which a laser beam is projected to a porous Si
10 layer. |

Fig. 2 illustrates substrates after the
separation.

Fig. 3 illustrates a step for producing an SOI
substrate by employing an Si wafer as the base material

15 in Embodiment 1.

Fig. 4 illustrates an SOI substrate produced by a
step for producing an SOI substrate by employing an Si
wafer as the base material in Embodiment 1.

Figs. 5A, 5B, 5C, and 5D illustrate steps for

20 producing an SOI substrate by employing a quartz plate
as the base material in Embodiment 1.

Figs. 6A, 6B, 6C, and 6D illustrate steps for
producing an SOI substrate by employiﬁg an gi wafer as
the base material in Embodiment 1.

25 Figs. 7A, 7B, 7C, and 7D illustrate steps for
producing an SOI substrate.

Figs. BA, 8B, 8C, and 8D illustrate steps for



2 in'which a |aser beamis projected to a porous Si layer. 5 Fi g.

‘10 illustrates a separation step in Enbodinent 3 in which a | aser beamis
projected to a porous Si layer. Fig. 11 illustrates a separation step in
Enbodi ment 4 in which a | aser beamis pFoFeEted to a 10 porous Si |ayer.
Figs. 12A, 12B and 12C illustrate processes for producing a nonocrystalline
Si solar cell. Fig. 13 illustrates a separation step in Enbodinment 5 in
which a | aser beamis projected to a 15 porous Si layer. Fig. 14

il lustrates sug?ééﬁéfﬁgagﬁeéog2$%§§g€%?§[on. Figs. 15A is a perspective

vi ew of a nono ne S and Fig. 15Bis a 20 sectiona

vi ew thereof. Figs. Fi—?A 9168 udbratd6Daa88pdPELtibhustept £nSERPEdDent
produci ng an SO subsirate. Figs. 17A, 17B, 17C and 17D illustrate steps of

produci ng an S§lisuhricAt &. 1@85er beam i&i projéctédusdrat perausodienti onal
process for producing a solar cell. -9- DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Theapeesent invention is described by reference to Enbodi ments
1 to 8 Enbodinents 1 to 4 describe
5 Fig. 10 illustrates a separation step in
Embodiment 3 in which a laser beam is projected to a
porous Si layer.
Fig. 11 illustrates a separation step in
Embodiment 4 in which a laser beam is projected to a
ld porous Si layer.
Figs. 12A, 12B and 12C illustrate processes for
producing a mdnocrystalline Si solar cell.
Fig. 13 illustrates a separation step in
Embodiment 5 in which a laser beam is projected to a
15 porous Si layer.
Fig. 14 illustrates substrates after the
separation.
Figs. 15A is a perspective view of a
monocrystalline Si solar cell, and Fig. 15B is a
20 sectional view thereof.
Figs. 16A, 16B, 16C, 16D and 1l6E illustrate steps
of producing an SOI substrate.
Figs. 17A, 17B, 17C and 17D illuétraté~steps of
producing an SOI substrate.

25 Fig. 18 illustrates a conventional process for

producing a solar cell.



production of an SO substrate. Enbodinents 5 to 7 5 descri be production
of photoel ectric transduci ng device such as solar cells and area sensors.
Enbodi ment 8 describes a nmethod in which the layer for the separation is
formed by ion inplantation. The present Tn¥ention covers not only the
descri bed Enbodi nents but 10 al so conbi nation of the Enbodi ments. In
Enbodi nent 1 of producing an SO substrate, a |laser beamis enpl oyed for
separation of the wafer to be recycled and the SO substrate at the porous

layer. The | asqiriGaipe ol d¥ e bREFERIES HEMBdrAMENRAge 15 face) in

parallel with the plate-shaped substrates at a |laser intensity adjusted to

reach the substrate mpitgfesetie ieaitRRnaMd Dechitde by TdRirtnae|to
fragile | ayer such as larger porosity layer or a defective |ayer having

m cr o- bubbl es @Embchisesrbes 1 higy éhy. Enfbodimenits 20 to 4 rdegidmideayer havi ng
absorbed the | aser beam beconmes nore fragile, whereby the | ess porous |ayer

on the porous fprmidatioy af and ShEvhstrdteer Bnhodigents &d ta % he
fragile layer. The nethod of |aser beam projection is described in detai

in the fold ow siestribe prasdugtdon offgbghaediertrin gransduging fesdaene

separation process of this - 10 - enbodinent. In FE?. 1, the sane
reference numersiiah A% SHAF L)l Bl arEH) SERSOAS -anEMHQsimentn & o 17D,

The nuneral 10 jndicates a lens,. 11 an optical .m croscope
descri es a method in whi é%e layer f% the

separation is formed by ion implantation. The present
invention covers not only the described Embodiments but
10 also combination of the Embodiments.

In Embodiment 1 of producing an SOI substrate, a
laser beam is employed for separation of the wafer to
be recycled and the SOI substrate at the porous layer.
The laser beam is projected to the side face (edge

15 face) in parallel with the plate-shaped substrates at a
laser intensity adjusted to reach the substrate center.
The laser beam is projected to relatively fragile layer
such as larger porosity layer or a defective layer
having micro-bubbles and absorbed thereby. The porous

20 fragile layer having absorbed the laser beam becomes
more fragile, whereby the less porous layer on the
porous fragile layer and nonporous layer are separated
at the fragile 1éyer. The method of iaser ;éam
projection is described in detail in the following

25 Embodiments.
EMBODIMENT 1

Fig. 1 illustrates the separation process of this



12 a vacuum chuck, and 13 a laser beam LS indicates a 5 | aser source,
-and ATL indicates an article constituted of layers 2, 3, 4, 6, and 7 before
the separation. A laser beamis projected to the side wall of porous |ayer
3 from | aser source LS. Laser source LS7 9% excimer |aser of hi gh out put
enploying Xed , KrF, ArF, 10 or the like. The output capacity is
preferably in the range from 300 mlJ/cnferr] to 1 J/cnferr], nore preferably
about 500 mJ/cnierr]. The excinmer |laser emts U/ light, so that lens 10 is

mde of quariz Gpdddfgide CARANS. of, 16D | ACEAMAY rhiniéa1dVdde thi s

optical system 1 aser beamis converged to have a projection area

width to 0.1 [ q{gddnadiin ORigdl CIEMS COPELEE Arsd FHYDY EAVA a0 MEX®SSaAHe 1O
confirmthe precise projection of |aser beam 13 to porous layer 3 of 0.1 to

30 pmthick. St AG indbtates s flags,) dlrah cptiasldinichmsdomken f or
20 separation in conparison with nonporous |ayer 2 and epitaxial |ayer 4
as a | ess porous2 |layscuumsshudeannd Y al Iagethdaean ctls indicates dnly
to porous layer 3. The laser source LS for emtting | aser beam 13 is
pref erabl y5 an elasemrsource, anphrdllsindicatps prarticle copgtiiyte an Ar
| aser, or a YAG |laser. For pronoting the |ayer separation, a |liquid such
as water, methydf AaXF  2ety|Lal@oRNd BAREITH R ISBTAAHay be
i ncorporated into porous |layer 3 by ipjection or.ads tion. The |iquid,
which has a | artRFeT eI x%%ﬁﬂﬁ%??%o‘_é‘? FR% RIS WAL 1R HFTHS i ke S |
promotes the la]&.laelgeg ef afzactn{t asb resX gzr'lgel % Laser source LS is an
excimer laser of high output employing XeCl, KrF, ATF,

10 or the like. The output capacity is preferably in the
range from 300 mJ/cm? to 1 J/cm?, more preferably about
500 mJ/cm®. The excimer laser emits UV light, so that
lens 10 is made of quartz or fluorite capable of
transmitting the UV light. With this optical system,

15 the laser beam is converged to have a projection area
width to 0.1 pm. Optical microscope 11 is employed, as
necessary, to confirm the precise projection of laser
beam 13 to porous layer 3 of 0.1 to 30 pm thick. Since
porous layer 3 is fragile and can readily be broken for

20 separation in comparison with nonporous layer 2 and
epitaxial layer 4 as a less porous layer, laser beam 13
need not be strictly projected only to porous layer 3.

The laser source LS for emitting laser beam 13 is
preferably an excimer laser apparatus of high power,

25 but may be an Ar laser, or a YAG laser. For promoting

the layer separation, a liquid such as water, methyl

alcohol, ethyl alcohol, and isopropyl alcohol may be



5 Vacuum chuck 12 as the substrate holder has a cavity for hol ding
‘a gas, and hol ds substrate ATL, before the separation, by contact with the
outsi de face of nonporous |ayer 2 or nonggrystalline |layer 6 by evacuation
of the gas. |In this Enbodinent, a pair of 10 vacuum chucks 12 can
rotate around the axis at the center of the substrate to project |aser beam
13 to the entire side wall of the porous |layer 3. Vacuum chucks 12 may be
enpl oyed only for fixing and rotating the substrate, but may al so be

enpl oyed for aiordgrstddintd pordud |ldiged @ a8 timjdecinibiy ate to
pronote the | ayer separation. The | aser beam penetrates the side wall of
porous | ayer Zdsorpgieiqa.oxiThe iquidie wieidlerhas &5 ulestgext eeb&dmalPor ous

| ayer 3 becones nore fragile by absorption 20 of the laser bermto cause
separ ati on of expeEsisixre ooRffdcient thanikthe sddddiks dis pRANQNes By t he
separation, substrate 4,7,6 for the SO substrate and substrate 2 to be
recycl ed are sdarkaver feepparatdomnieexranshirs [ayer 3. In Fig. 2,

Dane) ofS the respotadiin STHSHH oS B SHHH TP P A AT Bre thi ckness
o PO ouS L Sk e 88 haing. o i, PR i T L0 e
A process for (T i \QUIRIGLDY B Slate SHAN W bAS P add Fi 0.
of nonporous layer 2 or monocrystalline layer 6 by
evacuation of the gas. In this Embodiment, a pair of
10 vacuuﬁ chucks 12 can rotate around the axis at the
center of the substrate to project laser beam 13 to the
entire side wall of the porous layer 3. Vacuum chucks
12 may be employed only for fixing and rotating the
substrate, but may also be employed for applying slight
15 pulling force to the substrate to promote the layer
separation.
The laser beam penetrates the side wall of porous
layer 3 to the proximity to the center of substrate
ATL. Porous layer 3 becomes more fragile by absorption
20 of the laser berm to cause.separation of substrate ATL
without break of the nonporous portion.
By the separation, substrate 4,7,6 for the SOI
substrate and substrate 2 to be recycied ar; separated
from each other at porous layer 3. In Fig. 2, portions
25 3' of porous layers remains on the surfaces { separation

plane) of the respective substrates. By reducing

sufficiently the thickness of porous layer 3 formed by



5 Firstly, the substrate for the bonding is prepared. Fig. 3 is a
'sectional view of an apparatus for anodizing an Si wafer. The nuneral 1
i ndicates an Si wafer, 27 an etching solui'qp of hydrofluoric acid type
contained in vessel RV, 28 a positive nmetal 10 el ectrode, and 29 a
negative netal electrode. Si wafer 1 to be anodized is preferably of a
p-type, but may be of an n-type of |ow resistance. An n-type wafer having
hol es forned by projection of a |light beamcan al so be readily nmade porous.
In Fig. 3, a vehbagfolszapRbhodthd rembehingnpopsibheecahebérmdd@e?28 at the
| eft side and negative electrode 29 at the right side, and Si wafer 1 is
pl aced par al | ehbsenthprhctiicalldgt fodmsohe appbgthnoél ther substeaties.
perpendi cular to the face of Si wafer in the etching solution. Thereby
wafer 1 is nmade pordupr@bess foonthin film Sormagienvbyethetvafer29.
Concentrated hydrofluoric acid (49% HF) is enpl oyed as etching solution 27
of the hydrof| gseppragipn agpshownnis Fig- bhbbeecdesrribedcbaied-from Si
wafer 1, an al cohol is preferably added as _a surfactag&ﬂ%n%o et chi ng

rrriel

sol ution 35 27 tBirekdye the %Hhﬁgﬁéte faE theohse Bes net hanol
AT M T I A T
ke ot B ERaBHakBUhel S1PHEFEFIE! Yo nblErha s haemhled & 20
Si wafer, 27 an etching solution of hydrofluoric acid
type contained in vessel RV, 28 a positive metal
10 electrode, and 29 a negative metal electrode. Si wafer
1 to be anodized is preferably of a p-type, but may be
of an n-type of low resistance. An n-type wafer having
holes formed by projection of a light beam can also be
readily made porous. In Fig. 3, a voltage is applied
15 between positive electrode 28 at the left side and
negative electrode 29 at the right side, and Si wafer 1
is placed parallel to the both electrodes to apply an
electric field perpendicular to the face of Si wafer in
the etching solution. Thereby wafer 1 is made porous
20 from the side of negative electrode 29. Concentrated
hydrofluoric acid (49% HF) is employed as etching
solution 27 of the hydrofluoric acid type. Since gas
bubbles are generated from Si wafer 1; an azcohol is
preferably added as a surfactant into etching solution
25 27 to remove the bubbles. The alcohol includes

methanol, ethanol, propancl, and isopropanol. Instead

of surfactant addition, the solution may be stirred by



5 materi al resistant agai nst the hydrofluoric acid, such as gold (Au) and
‘plati num (Pt). Positive electrode 28 is also nade preferably of a materi al
resi stant agai nst the hydrofluoric acid, gut may be nmade of any generally
used netal material. The anodization is &8nducted at a 10 maxi mum
current density of several hundred mA/cnferr] or less, but should be nore
than O md/ cnR. The current density is selected so that a high-quality
epitaxial |ayer can be fornmed on the resulting porous Si |layer and the

separati on cap IR3didetr FRrddgs athedlanodd zZadvions 15 | ayer. Specifically,
at a larger current density in the anodi zation, the density of Si in the

porous Si |ayer beatwetHiekmessaod tthe porous diayere isopeefiegabdiygdn and
the porosity (ratio of the pore volunme to the total volunme of the porous
| ayer) ther eofthies raige firmmy&.1l tion3§pime of many pores formed in the
interior of the Si layer, the resulting porous Si retains its

nonocrystal | i ni ty. Negatgvieo eliestirodec 2ps g preferabln madsocfu® Si | ayer,
anot her nonocrystalline Si |ayer can be grown epitaxially thereon. 25
For formit i onméetesmiadpineslispiany; agajast SYRFALIMTAT Scier SUCP ¢ he
Brought i nto 55 GoLA {ASnERA RASHAN: (B RS e Pl e 8 por
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larger. the hydrofluoric acid, but ﬁay be made of any generally
used metal material. The anodization is conducted at a
10 maximum current density of several hundred mA/cm? or
less, but should be more than O mA/cm?. The current
density is selected so that a high-quality epitaxial
layer can be formed.on the resulting porous Si layer
and the separation can readily be caused at the porous
15 layer. Specifically, at a larger current density in
the anodization, the density of Si in the porous Si
layer becomes lower, and the volume of the pores is
larger, and the porosity (ratio of the pore volume to
the total volume of the porous layer) thereof is
20 larger. In spite of many pores formed in the interior
of the Si layer, the resulting porous Si retains its
monocrystallinity. Owing to the monocrystallinity of
the porous Si layer, another monocryséalliﬁ; Si layer
can be grown epitaxially thereon.
25 For formation of an epitaxial Si layer having no

lamination defect, the porosity of the porous Si layer

is preferably smaller at the portion to be brought into



5  Therefore, ideally, the porosity of the porous Si layer is smaller at
‘the outernost surface, and is larger at the side near to the nonporous S

|l ayer. Fig. 4 is a sectional viem/illustigtlng the ideal state of the
porous Si layer. Porous Si |ayer 3a, the Surface side 10 portion of
porous Si layer 3, is forned with a snmaller porosity, and porous Si |ayer
3b, the nonporous Si |ayer side portion of porous Si |ayer 3, is forned
with a larger porosity. For obtaining this structure, the initial stage of
the anodi zati gRnitactoRdeh! efleabpatiRial E9Wehyeulr e0h €RASLLHekr0 prepare
portion 3a, and the |ater stage of the anodization is conducted at a higher
current densi hgnBQ gbepaasypsepaeatibn YEt Ehehdeviteusubstratbeasdparati on
of the substrate occurs only at |ayer 3b, and an epitaxial Si |ayer can be
formed 20 whehsol kabstahitenatiethet poropsr 8dis18yeraythe3poroshsy
epitaxial Si layer is fornmed preferably by a growh process such as

nol ecul ar beawmfephearpzbugr Sit hayprad sapceberebhwplasgare CVD,

phot 0- assi sted CVD, bias sputtering, and |iquid phase growth_ Particularly,
low 25 5 tenﬁbﬁaﬁﬁpﬁegréﬁ@ﬁlﬂYIngﬁePP€6$i§¥ aEsthepraralsvel 3PYRIfer 1
shown in Fig. 5A is_pade porous at the surface as shown in_Fig. 5?. - 15
- Thereby Si %&f §pallegndgs FBehav&eFﬂ85§tFHE%BPsrCSH t??u?gﬁg%F Rdnpor ous
§:Oi ayer Zsﬁnﬁggggi 2 pear™tS’ the' ABnpArSHs' BY' 13PerUPREGUCY" ¥ QnONPOT OUS

sectional view illustrating the ideal state of the

porous Si layer. Porous Si layer 3a, the surface side

10 portion of porous Si layer 3, is formed with a smaller
porosity, and porous Si layer 3b, the nonporous Si
layer side portion of porous Si layer 3, is formed with
a larger porosity. For obtaining this structure, the
initial stage of the anodization is conducted at a

15 lower current density to prepare portion 3a, and the
later stage of the anodization is conducted at a higher
current density to prepare portion 3b. With this
structure, the separation of the substrate occurs only
at layer 3b, and an epitaxial Si layer can be formed

20 without lamination defect on porous Si layer 3a. The
epitaxial Si layer is formed preferably by a growth
process such as molecular beam epitaxial growth, plasma
CVD, low pressure CVD, photo-assisted.CVD, ;iés
sputtering, and liquid phase growth. Particularly, low

25 temperature growth is preferred.

As described above, Si wafer 1 shown in Fig. 5A is

made porous at the surface as shown in Fig. 5B.



5 formed on porous Si layer 3 as shown in Fig. 5C. If necessary, the
‘surface of epitaxial Si layer 4 is thermally oxidized to formSi oxide

| ayer 8 of thickness between 0.05 [err]g1ig 2 [err]mas shown in Fig. 5D
As descri bed above, substrate PWcalled a prinme 10 waf er, a bond wafer,
or a device substrate is treated before the bonding. On the other hand,
substrate HWcall ed a handl e wafer, a base wafer, or a supporting substrate
is treated as described bel ow. 15 An Si wafer is provided, and if

necessary, theppdirbce singaeal i1Scbhesbl na®¥l ¢haedtiractarem an Si oxi de
filmof thickness ranging fromO0.05 to 3 pm The process of bondi ng and

separation of bonstihsited ©F ndnpvpbasned heyew Ryandf poeoues 64 Eager 6A 20
to 6D. The surface of Si oxide layer 8 on epitaxial Si |ayer 4 of substrate
PWis confront adlanminatted thefreoa.of Si oxide | ayer 7 of substrate HW and
both faces are bonded at roomtenperature as shown in Fig. 6A. Then 25

t he bondi ng betmeenSSbsenmeetﬁayenoapamouSieoitdgiﬁéy§ﬂ_gaY§rsﬁréﬁgthened
by anode bondi ng, pressing, or heat treating, or conbination thereof to
forman abticl oxmed on pogousc§iplryragdt RS EHEWBd 18uBL8r aPEs adfshown in
Fig. 6B. Bonded article ATL having the structure s%q in Fig. 6B is placed
bet ween a pai r NeCeFsRFYm ShecEyrfaces ofherdderdals &aﬂayﬁrFﬁg?sl. Wt h

rotation of article .
thermally oxidized to form Si oxide layer 8 of

thickness between 0.05 uym to 2 pm as shown in Fig. 5D.

As described above, substrate PW called a prime

10 wafer, a bond wafer, or a device substrate is treated
before the bonding.

On the other hand, substrate HW called a handle
wafer, a base wafer, or a supporting substrate is
treated as described below.

15 An Si wafer is provided, and if necessary, the
surface thereof is thermally oxidized to form an Si
oxide film of thickness raﬁging from 0.05 to 3 um.

The process of bonding and separation of the
substrates is explained below by reference to Figs. 6A

20 to 6D.

The surface of Si oxide layer 8 on epitaxial Si
layer 4 of substrate PW is confronted with the surface
of Si oxide layer 7 of substrate HW, and both faces are
bonded at room temperature as shown in Fig. 6A. Then

25 the bonding between Si oxide layer 8 and Si oxide layer
7 is strengthened by anode bonding, pressing, or heat

treating, or combination thereof to form an article ATL



5 ATL, an excimer |aser beamis projected to and focused on the portion
‘of porous Si layer 3 of the side face of article ATL. The projected exciner
| aser beamis absorbed by the entire of ¢t porous Si layer. In such a
manner, nonporous Si |layer 2 of substrate side is 10 separated from
substrate HWas shown in Fig. 6C. By the separation, epitaxial Si |ayer 4
Is transferred onto the surface of substrate HW Porous Si |ayer 3 having
been broken by absorption of the |aser beam may remain on one or both of
nonporous Si | ayemprisdfiglthe béRdéaxsdbstiratayeas4showngin6Eigho6B. por ous
Si layer 3 remaining only on epitaxial Si layer 4. Porous Si |layer 3, when
it remai ns on the siHendédsabticheéecATl\ havingnthedstelieturgeshon &n| ecti ve
etching. In the selective etching, the porous Si |ayer 20 is etched nore
t han the nonporPBig. S6B| igepladgedobetweenoaypatrwef vaeuunathuckai kg 8f use
of an etching solution such as hydrofluoric acid, a m xture of hydrofluoric
acid with an al thaoflevige ghavnt Ferg-h%drdWiEBrF%tGE%EQmPfhaﬁﬁﬁﬁﬁﬁs

hydr ogen peroxide. In articular, by,us f _hydrofl uoric

25 p e of a m.xture
acid with PydrobEh. p@?oﬁ%_*ﬂé’}‘efhéé%%?e’@??'vei%tE’ﬁ?i’@"F%i B ofndnEotirets s
Lver ot he nODRoLRue Sk BY ke Sofion g Fhver {2 B R Bibel BB e .
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absorbed by the entire of the porous Si layer. In such
a manner, nonporous Si layer 2 of substrate PW side is
10 separated from substrate HW as shown in Fig. 6C. By
the separation, epitaxial Si layer 4 is transferred
onto the surface of substrate HW. Porous Si layer 3
having been broken by absorption of the laser beam may
remain on one or both of nonporous Si layer 2 and
15 epitaxial Si layer 4. Fig. 6C shows porous Si layer 3
remaining only on epitaxial Si layer 4.

Porous Si layer 3, when it remains on the side of
substrate HW, is removed selectively by selective
etching. 1In the selective etching, the porous Si layer

20 is etched more than the nonporous Si layer by
nonelectrolytic wet chemical etching by use of an
etching solution such as hydrofluoric acid, a mixture
of hydrofluoric acid with an.alcohol,'and é~mixture of
hydrofluoric acid with aqueous hydrogen peroxide. In

25 particular, by use of a mixture of hydrofluoric acid

with hydrogen peroxide, the selective etching ratio of

the porous Si layer to the nonporous Si layer is as



5 in Fig. 6D. Separated nonporous layer 2 is again used as the prine
‘waf er for production of another SO substrate. In the process for producing
the SO substrate in this Enbodi nent, the ;upporting substrate nay be a 10
conpl ete insulating substrate such as a g+ass substrate and a quartz
substrate. Figs. 7Ato 7D illustrate the steps of producing an SO
substrate by use of quartz substrate as the supporting substrate. The-

devi ce substrate PWat the upper side in Fig. 7Ais prepared 15 in the
same manner asndgﬁcaisbaﬁob’x 1Lof £r eraes | Gegd taxiel (S SRyea tremairs rat e 9
as supporting substrate HWis confronted with an Si oxide |ayer 8 and are
bonded ti ght| yihyaannd€okmnthhigknpsssenngheosurfiscenbft subhshrate BW.

conbi nati on thereof as shown in Fig. 7B. 20 Then, the two substrate is
separ at ed by pTbeeebyoanoS03d substrbtenhavingeestremad¥nepifersescri bed
before. Epitaxial Si |ayer 4 and porous Si |layer 3 are_transferred onto
quartz substr asemgcondubsan Layergd ou theeipswhphifl HBYBLs2Si shayBr 3 s
selectively 25~ renoved in the aforenentioned manner. Thus an SO
substrat eSis obhaF&g@d ®Ri-ch is constituted of quartz base plate 9 and
nonpor ous nonocrystalline t

in Fig. 7D. In anotﬁ@PaﬁPBEB;gogbogbég;}Fxsrgﬁeigéfggéggg?éagggﬁgP%?sShomn
Fggﬁ?;??g;’lggg§k8$a%§%§%ffg§egrgaugmioﬁuBEOERE@ﬂe§u§§&rQﬁﬁstﬁaée@n
In the process for producing the SOI substrate in
this Embodiment, the supporting substrate may be a
10 complete insulating substrate such as a glass substrate
and a quartz substrate. Figs. 7A to 7D illustrate the
steps of producing an SOI substrate by use of quartz
substrate as the supporting substrate. The device
substrate PW at the upper side in Fig. 7A is prepared
15 in the same manner as described by reference to Fig. 5A
to 5D. Quartz substrate 9 as supporting substrate HW
is confronted with an Si oxide layer 8 and are bonded
tightly by anode bonding, pressing, or thermal
treatment, or combination thereof as shown in Fig. 7B.
20 Then, the two substrate is separated by projection of a
laser beam in the same manner as described before.
Epitaxial Si layer 4 and porous Si layer 3 are
transferred onto quartz substrate 9 aé show; in Fig.
7C. The remaining porous Si layer 3 is selectively
25 removed in thé aforementioned manner. Thus an SOI

substrate is obtained which is constituted of quartz

base plate 9 and nonporous monocrystalline thin Si film



5 structure is formed by formng an Si oxide |ayer on the epitaxial S
‘l ayer on the device substrate side without formng the Si oxide |ayer on
the Si wafer side. Figs. 8A to 8D shows Lhi process. The upper device
substrate in Fig. 8Ais prepared in the same nanner as 10 descri bed by
reference to Fig. 5. The surface of nonocrystalline Si layer 5 of an S
wafer is counterposed with the surface of Si oxide |ayer 8, and bonded
thereto. The bondi ng can be strengthened by anode bondi ng, pressing, or

heating, or comy #armed thereochhaecehownThusFagti gbe ATL is obtained as
shown in Fig. 8B. Article ATL is separated at the porous Si layer to

transfer epitaxial Siinl apeothérobroeager ofs preparingt &hei §0ISsubstrate

nonporous Si |ayer 5 as supporting substrate HW by nmeans of the apparatus

shown 20 i n Bifgthis Emboddmens,Sinl Sjewafercnsi nsednaspithgxi al Si | ayer

4 of supporting substrate HWas shown in Fig. 8C_ it is_selectively renoved

by the af or enentsupped tipghsybsthaseanagd asupesuieding a¥erned a8 SRdwn in

Fig. 8D. 25 Enbodi ment 2 An SO_ substrate is producea in this Eandinent
& B i “Ply

by utilizi By anSERECHETe dScfopBeth Pyr foZPAPg: PRyS1aP*IAE pB¥EEs S Thyer,
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all oved to Scanfggﬂlﬁ%h%hzygﬁﬁ5%&%ep&%§%ffE§EQhe Si wafer side. Figs.
8A to 8D shows this process. The upper device
substrate in Fig. 8A is prepared in the same manner as
10 described by reference to Fig. 5. The surface of
monocrystalline Si layer 5 of an Si wafer is
counterposed with the surface of Si oxide layer 8, and
bonded thereto. The bonding can be strengthened by
anode bonding, pressing, or heating, or combination
15 thereof. Thus article ATL is obtained as shown in Fig.
8B. Article ATL is separated at the porous Si layer to
transfer epitaxial Si layer 4 of nonporous
monocrystalline Si onto nonporous Si layer 5 as
supporting substrate HW by means of the apparatus shown
20 in Fig. 1. If porous Si layer 3 remains on epitaxial
Si layer 4 of supporting substrate HW as shown in Fig.
8C, it is selectively removed by the aforementioned
method. Thus an SOI substrate is obtained as shown in
Fig. 8D.
25 Embodiment 2
An SOI substrate is produced in this Embodiment by

utilizing an excimer laser beam for separating, at the

porous Si layer, the Si wafer to be recycled and the



Fig. 9 illustrates the separation step. The |laser 5 beamis focused on
‘the side face of article ATL with Iens 10, and is allowed to scan al ong the
circunference by aid of guide 14. The sane9r<eference nunbers are used to

i ndicate the sanme articles as in Fig. 1. In this Enbodi nent,
nonocrystalline Si layer 6 as 10 nonporous | ayer and nonporous Si | ayer
2 constituting article ATL are fixed fromthe outside by chucks 12. The

| aser beam 13 from an exciner |aser apparatus is focused and projected onto
one poi nt on t#ubstyateate be p@?hﬁ@ EPtPa?BrS@ItﬁPﬁﬁﬁﬁaF%ns g Lens 10 is
15 all owed to nove together with | aser 8 eam 13 foritpe sgapning to
separate the SERCiWgE:LaFeT BRPBsLA SPCHEHEr Cn4One PRIRFAPSLbEtrate 2 at

por ous layer 4edjobRd Fayepangiish) EA8, fubRebAfelbIBHS' kiR, PP, 0%, G°°
the materials are tgggsage ii“éﬁ ggggdfﬁgnge% %gggglgggb 3 MeSthser

substrate i s produced®in t nment by I ng excinmer |aser for
separating theygl Wﬁ&%o&:asaé on ERe'8¢yE! fécénéftaﬁﬂesu'bﬁtwtﬁ at the
porous Si "I ayer. ?he excl mer | aser beamis focused linearly by a
cylindrical |efgnandoiSaRloi8chelonbantot S6afii dEohgCthe cirdimfepéntae
porous Si layer. Fig. 10 illustrates the separation step. The nuneral 15
i ndi cates a cybyndilicaf gande I4e sEhe same reference numbers are

used to indicate the same articles as in Fig. 1. In
this Embodiment, monocrystalline Si layer 6 as

10 nonporous léyer and nonporous Si layer 2 constituting
article ATL are fixed from the outside by chucks 12.
The laser beam 13 from an excimer laser apparatus is
focused and projected onto one point on the side wall
of porous Si layer 3 through lens 10. Lens 10 is

15 allowed to move together with laser beam 13 for the
scanning to separate the SOI substrate composed of
layers 4, 7, 6 from substrate 2 at porous Si layer 3 to
recycle substrate 2 to the production steps. The less
porous layer 4 on the layers 6, 7 is obtained. The

20 other steps and the materials are the same as in
Embodiment 1.
Embodiment 3

An SOI substrate is produced in éhis E;SOdiment by

utilizing excimer laser for separating the Si wafer to

25 be recycled and the SOI substrate at the porous Si
layer. The excimer laser beam is focused linearly by a

cylindrical lens and is projected along the side face



reference numbers are used to indicate the sane 5 articles as in Fig. 1.
‘The | aser beamis focused linearly in a vertical direction for efficient

projection onto the side face of porous_Si,layer 3 of an extrenely snall
thickness of 0.1 to 30 pm In place of cylfindrical lens 15 a toric |lens
may be used to 10 project linearly focused | aser beamto the curved side

wal | of porous Si |ayer 3. The other steps are the sanme as in Enbodi nent 1.
Enbodi mrent 4 An SO substrate is produced in this Enbodi nent by 15

utilizing exci ggr thaspbrbak sepaegeirny, at the porous Si layer, the S
wafer to be recycled and the SO substrate. The excimer |aser beans are

focused linearly byFdgl.i a0r itaduskteates &hd aepapatjont stiepl.onPhehe end face
of the porous Si layer. In the |aser beam 20 proj ection, as shown in
Fig. 11, the | asmerhilght ivdicpiest edcyhivdrigalbdens. afbel a3@e beans 13
are respectlvely focused linearly and projected wth four cylindrical

| enses 15 froan&&ﬁeapﬁe@Fmbﬁ§saﬁ§ﬁguﬁﬁé &ﬁdiﬂﬁégaﬁﬁ Ebeogems; Iayer 3. In

t hi s Enbodi nment, nonocr¥§talllne Si é 6 and non gorou Si |ayer 2
are flxedsfronPFﬁécéﬁﬁsﬁﬁe By Fdfucks 1% eTH@ 8FhBPal; &8s TQFUSEHe same as in

ETbod et 1. yavesdly; sR SV IR bR, AuR Rk BioRCrbr, BeRiRtAREY, " (1S
projection onto the side face of porous Si layer 3 of
an extremely small thickness of 0.1 to 30 pm. In place
of cylindrical lens 15, a toric lens may be used to

10 project linearly focused laser beam to the curved side
wall of porous Si layer 3. The other steps are the
same as in Embodiment 1. |

‘Embodiment 4
An SOI substrate is produced in this Embodiment by

15 utilizing excimer laser for separating, at the porous
Si layer, the Si wafer to be recycled and the SOI
substrate. The excimer laser beams are focused
linearly by cylindrical lenses and are projected along
the end face of the porous Si layer. In the laser beam

20 projection, as shown in Fig. 11, the laser light is
separated into four beams, and laser beams 13 are
respectively focused linearly and projected with four
cylindrical lenses 15 from four direcfions ;iong the
end face of porous Si layer 3. In this Embodiment,

25 monocrystalline Si layer 6 and nonporous Si layer 2 are

fixed from the outside by chucks 12. The other steps

are the same as in Embodiment 1.



phot oel ectric transducing layer for transducing light 5

energy to

‘el ectric energy. An p-type Si wafer 1 is provided as shown in Fig. 12A
The surface of Si wafer 1 is nmade porous_byjanodi zati on as expl ai ned before
by reference to Fig. 3 to prepare a substrate constituted of nonporous S

| ayer 2 of wafer 1 and porous Si |ayer 10 3 forned thereon as shown in
Fig. 12B. On porous Si |layer 3, an epitaxial Si |ayer to serve as
phot oel ectric transducer 18 is formed as shown in Fig. 12C by nol ecul ar
beam epit axi al Bmbedbmeptabma CVD, | ow pressure CVD, photo-assisted CVD,

bi as sputtering, 15 liquid crystal growth nethod, or

a_like nmethod to

prepare a substrate PVEOIAE Gﬁl@aiﬁaprgﬂupﬁgeinl§h$FIEﬂhﬁd%ﬂeﬁFOM/mAth
ddi t f d t f hot oel d Th b
The epitaxial | ByaR- hagrpﬁggégé 81 FhgtPote khecatnns, ah FAFRS ﬁgo? an nlert]

| ayer, a pl[err]

| ayer 3. The suP#?%@eo?c ﬁéc F%PPELP§§§9 6%9%%§g85|gkgn§d8
formed 25 5 preRPrEFarel SLERLrER"SHBRARE ofn BoBRPE°SEDVH

Sg REr ous Si

|ng | ayer

| sekgctrode 16
g?ellgg Then

vacuum chuck 12 FSy 8&99% gﬂBQanﬂS?igoniéﬁt Wk EHEfQHESbQGSQfWHQQEOVOUS

Si layer 2. A Igser eam rom an excinmer

apparatus is

focused and projegkeflablr pggBukeBy afoanizatRenods Skph.a!ﬁéd3be£bfboﬁgh the

| aser light is focused onto one point in

10

15

20

25

reference to Fig. 3 to prepare a substrate constituted
of nonporous Si layer 2 of wafer 1 and porous Si layer
3 formed thereon as shown in Fig. 12B. On porous Si
layer 3, an epitaxial Si layer to serve as
photoelectric transducer 18 is formed as shown in Fig.
12C by molecular beam epitaxiel growth, plasma CVD, low
pressure CVD, photo-assisted CVD, bias sputtering,
liquid crystal growth method, or a like method to
prepare a substrate PW.

The epitaxial Si layer is allowed to grow with
addition of a dopant for use as a photoelectric
transducing layer. Thereby, the epitaxial layer has PN
junction caused by lamination of an n* layer, a p-
layer, and a p*' layer formed in this order on porous Si
layer 3. The surface of the p* layer of photoelectric
transducing layer 18 grown epitaxially is bonded and
connected to backside metal electrode 16 formed
preliminarily on the surface of plastic substrate 17.
Then vacuum chuck 12 is brought into close contact with

the outside of nonporous Si layer 2. A laser beam 13



Fig. 13, the | aser beam nmay be projected in any way as 5 described in
‘Enbodi nents 1 to 4. In such a manner, substrate HWto be used as a sol ar
cell is separated at porous Si |ayer 3 frgg;gubstrate PWto be recycled to
producti on process as shown in Fig. 14. A“fteshed surface netal el ectrode 19
Is formed on 10 the surface of photoelectric transducing |ayer 18 as
shown in Fig. 15A. Wring 24 is connected to surface netal electrode 19 and
backsi de netal electrode 16. Protection |ayer 20 is fornmed on the surface

met al e'ectfod%r%ﬁ-aﬁigxciﬂéri§a§e§espbagaku§i§w fak@Bedl a8  15B-15B in
Fig. 15A. Photoelectric transducing ayer 18 is constituted of the |ayers

of n[err] |ayepréjechteaorhzough 1Bngutbacatieparotlsestir 0dget93.p | ayer 22,
and p[err] layer 21 in contact with backside netal electrode 16, arranged

in this order hnemoud ¥ppelasedelibht2@s fobBuged bhiocandelbBintuihace
metal electrode 19 is shown in a shape of a nesh to transmt [|ight.

However, it mayige depl shedlbgex beamspayebe plrejected Amdenyf waymaseri al

li ke 1 TO Backside netal electrode 16 serves al so a back reflector for

ret ur ni ngSunabdesiozdbe8 in Embodimends I ot 4-0 pRoSYERedt PRENETansduci ng

| ayer 18, so that it is preferably nade of a netallic nmateri al havin% hi gh
reflectivity. substrate HW:&ePdbrgUused: BSsacFedarneRtl A8nyeBararedets of a

nonocrystalline thin filmcan he produced fromopne. Si wafer. Therefore,
this Embodi menPOFeURSiniayes,s From substrate PU to be xSoyoled %o

production process as shown in Fig. 14.
A meshed surface metal electrode 19 is formed on

10 the surface of photoelectric transducing layer 18 as
shown in Fig. 15A. Wiring 24 is connected to surface
metal electrode 19 and backside metal electrode 16.
Protection layer 20 is formed on the surface metal
electrode 19. Fig. 15B is a sectional view taken at

15 15B-15B in Fig. 15A. Photoelectric transducing layer
18 is constituted of the layers of n' layer 23 in
contact with surface metal electrode 19, p layer 22,
and p' layer 21 in contact with backside metal electrode
16, arranged in this order from the upper side. 1In

20 Figs. 15A and 15B, surface metal electrode 19 is shown
in a shape of a mesh to transmit light. However, it
may be replaced by a transparent electrode made of a
material like ITO. Backside metal electrode 16 serves
also a back reflector for returning unabsorbed

25 transmitted light to photoelectric transducing layer
18, so that it is preferably made of a metallic

material having high reflectivity.



transducing efficiency, cell life, and production cost. 5 Further, the
‘'substrate is separated by projecting a | aser beamto the porous Si |ayer to
cause thernmal expansion and distortion of the crystal w thout application
of strong pulling force w thout necessrt93or strong bondi ng between the

substrate and the jig or 10 the like. Fromthis point also, the process
of this Enbodi nent is advantageous in production cost. Enbodinent 6 A solar
cell is produced in this Enbodi ment also. In the above Enbodi nent 5,

photoel ectric tran thilsS freieedmahyaBogRit d8hak Sie | ayer
formed on porous S?%#E%g;%glk%hereasEE%B?his Enbgdi§gnf, porous Si |ayer of

a smal |l porosigt hoPRcry@talldie thed £faim tansbeapriplaed ebm onkr sisduci ng
| ayer 18. In Enbodinment 1, it is described that the porosity of the 20

porous Si | ayeafean baheriefotdd)y thianGubodimentuise ativdatagepusnin

anodi zation. Specifically, in anodization explained by reference to Fig. 3,
t he hi gher densiangduicinige edfifdciiencycuceddt 1fiifen andf peRAucEdiPR0GESER t o

el ectrode 29 nakes larger the porosity of porous Si 25 = layer fornmed on
Si wafer 51, wiurthens [theesubstsiate 5 separatednbynRred eshiPBef t he

porosity. By this phenonenon, the surface_of p[err] type Si wafer 1 is nade
- 24 - porous lgperobgialy te o ROTIUS Sjelayeratongerse FBeTely by

cont ol 11ng e curtient S Yok QB FURPEYB S WikRlu® Of 1aroer

application of strong pulling force without necessity
of strong bonding between the substrate and the jig or
10 the like. From this point also, the process of this
Embodiment is advantageous in production cost.
Embodiment 6
A solar cell is produced in this Embodiment also.
In the above Embodiment 5, photoelectric transducer 18
15 is constituted of an epitaxial Si layer formed on
porous Si layer 3, whereas in this Embodiment, porous
Si layer of a small porosity per se is utilized, as it
is, as photoelectric transducing layer 18. In
Embodiment 1, it is described that the porosity of the
20 porous Si layer can be varied by changing the current
density in anodization. Specifically, in anodization
explained by reference to Fig. 3, the higher density of
the electric current flowing from eleetrode 28 to
electrode 29 makes larger the porosity of porous Si
25 layer formed on Si wafer 1, while the lower density of
the current makes smaller the porosity. By this

phenomenon, the surface of p* type Si wafer 1 is made



it on nonporous layer 2. To the outernost |layer of 5 porous Si |ayer 3a,
‘donor ions such as P and As are inplanted to make the outernost |ayer on
n-type, thereby form ng photoelectric traﬁapucing | ayer havi ng porous S

| ayer of small porosity having PN juncti©o Thereafter, the porous Si |ayer
of a smaller 10 porosity as the photoelectric transducer is bonded to
backsi de netal electrode 16 as shown in Fig. 13. The other steps are
conducted in the same nmanner as in Enbodi ment 5. According to this

Embodi ment, @%f%&ﬁnﬂflg 12 pordud0CIpdAl bt ne dddmd# | m can be
pr oduced fron1o e Si Therefore, this Enbodi nent is advantageous in

transduci ng ef fhsiesicty B¢l dohtfE11 808 e et iamt (deisityridwer, emd axi al
growth is not conducted in the process of this Enbodinent, the productlon

cost is 20 | syedud e 1dpér adb B arbrgent gorodiey pi;‘s)tfml-rmd rurmder
transduci ng | ayer 18 is conposed of a porous Si |ayer of smaller porosity
Wi th the nonocrifstan | nonporows ntayeed;. atb |thitoutexseest ekayprppf opri atel y
by the pores to result in high transducing efficiency. 25 Enbodi ment 7
An area semsor pPergrdRitctayen I @%oﬁmtsu@‘ At DAL tAF 3%? ansduci ng
| ayer of nDnocrystalllne thin - - filmis formed froman Si wafer in

the same nannerimplanted it PRk g’%rmﬁte’(‘ﬁ‘P?%Jsamt%l%c’fY?%' t ransduci ng

| ayer, optical sensors rra
y P thereby ébrm ng gﬁbtoelectrlc transducing layer having

porous Si layer of small porosity having PN junction.
Thereafter, the porous Si layer of a smaller
10 porosity as the photoelectric transducer is bonded to
backside metal electrode 16 as shown in Fig. 13. The
other steps are conducted in the same manner as in
Embodiment 5.
According to this Embodiment, many solar cells of
15 a monocrystalline thin film can be produced from one Si
wafer. Therefore, this Embodiment is advantageous in
transducing efficiency, cell life, and production cost.
Further, epitaxial growth is not conducted in the
process of this Embodiment, the production cost is
20 lower than that of Embodiment 5. The photoelectric
transducing layer 18 is composed of a porous Si layer
of smaller porosity with the monocrystallinity
maintained, and light is scattered apéroprigéely by the
pores to result in high transducing efficiency.
25 Embodiment 7
An area sensor is produced. In this Embodiment, a

photoelectric transducing layer of monocrystalline thin



di mensionally, and matrix wiring is provided. The 5 matrix wiring is
‘formed, for exanple, by providing a rowwring in place of surface netal
el ectrode 19 in Figs. 15A and 15B and providing a line wiring in place of
backsi de nmetal electrode 16 in Figs. 15A 4Rl ©15B. This Enbodi nent is
advant ageous in transduci ng 10 efficiency, cell life, production cost,
area enlargenent, and so forth, since many area sensors of a
nonocrystalline thin filmcan be produced fromone Si wafer. Enbodi nent 8

15 A SEYBIEL ES-ALEPRLSH 83 8yabbP 1A he LURS ddinentase face

of the Si wafer; rogen 1ons ofr rare gas tons are inplanted in a

prescribed dept i, bynE@imht 28 6PN | MPOANERLs thdessréceeiective | ayer of
m cr obubbl es inﬂ?hémﬁﬁter€%r of the Si wafer. g% Separ at el y,

anot her Si waf egrhSs@h&PRG Clapsr | NCpELERDT sbigossibat e ahfrarded Buwpporting
substrate is oxidized at the surface, and is bonded to the surface of the
above Si wafer Qanéngionallypbalhdl atieieckivingayerpr@dided. Th&o the
bonded wafer article, an exciner |aser beamis projected at around the

m cr obubbl g- def gatiie whyingoist bermedye foreexdmphe, abyiptreviding nanner
shown in - 26 - Fig. 1, 9, 11, or 13. Thereby, the defective |ayer is
made nore fragitewbwinbeerpniphace cofiesexfaqermetakbreleatrodpchtHa two

waf ers are separ at ed. . .
Figs. 15A and 15B and providing a line wiring in place

of backside metal electrode 16 in Figs. 15A and 15B.
This Embodiment is advantageous in transducing

10 efficiency, cell life, production cost, area
enlargement, and so- forth, since many area sensors of a
monocrystalliﬁe thin film can be produced from one Si
wafer.

Embodiment 8

15 An Si wafer is prepared as one substrate. Over
the entire face of the Si wafer, hydrogen ions or rare
gas ions are implanted in a prescribed depth by mean of
an ion implanter to form a defective layer of
microbubbles in the interior of the Si wafer.

20 Separately, another Si wafer is prepared as the
supporting substrate. This supporting substrate is
oxidized at the surface, and is bonded to the surface
of the above Si wafer having a microbﬁbble-defective
layer.

25 To the bonded wafer article, an excimer laser beam
is projected at around the microbubble-defective layer

of the side face of the article in a manner shown in



In such a manner, the nonocrystalline Si layer on 5 the defective | ayer
‘of the one substrate Si layer is transferred onto the silicon oxide filmon
the other substrate. The m crobubble formation by ion inplantation is
described in detail in U S. patent No. “528771, 564. 10 The above
description is made regarding the case of Si wafer, but the present

I nvention can be applied to other sem conductors other than Si, such as
SiGe, G, SIC, GaAs, and InP. According to the present invention, nmany 15

monocrystal Ll gad il 9, il M o cadhlardify, Pl Gkt 108G A | aser
I

beam from t he “si c€ of 'a substrate to the center portion of the

porous |ayer i £AusiLISYGNIO by absdePit 1AM H @ xpQmess Lsakar . Since
the | aser beam does not cause inmpurity 20 contam nation, the resulting

thin Si film hanli ghrHeltHey twd dradfiers avd tsgpmr@Bedsubstrate al so has
high quality. In production of SO substrates, the material is used with

| ess waste, resultizg sucH @vrameact ithe awsiocays tadddmec 8isdweyeg. ofhe
produced photoel ectric 25 t ransduci ng apparatus al so has high quality.
In produ@ i on tife geflamtiions rliayerr afsdbhe oneamyhstmateniSdo layes ddterial is
used with less waste, resulting in | ow production cost and resource saving.
- 27 - WHAT | Smensfieyedsonto Ahe edddsompoxigenifiddm onhither iateonpri si ng
the substrate. The microbubble formation by ion
implantation is described in detail in U.S. patent No.
5,374,564.
10 The above description is made regarding the case
of Si wafer, but the present invention can be applied
to other semiconductors other than Si, such as SiGe,
Ge, SiC, GaAs, and InP.
According to the present invention, many
15 monocrystalline thin Si film can readily be.produced by
projecting a laser beam from the side face of a
substrate into the center portion of the porous iayer
to cause absorption of laser beam by the porous layer.
Since the laser beam does not cause impurity
20 contamination, the resulting thin Si film has high
guality, and the resulting SOI substrate also has high
quality. In production of SOI substrates, the material
is used with less waste, resulting in.low p;aduction
cost and resource saving. The produced photoelectric
25 transducing apparatus also has high quality. In
production of photoelectric transducing apparatus also,

the material is used with less waste, resulting in low

production cost and resource saving.



steﬁs of : providing (a) a substrate having: a nonporous |ayer; a porous
‘first layer fornmed on the nonporous |ayer; and a second |ayer which is |ess
por ous t hafhi Replaced | ayer; or (g% a substrate having ion-injected
| ayer ther eiJ I @mi' ected | ayer befhg fornmed by injecting hydrogen

lons or ion nto the substrate; and separating the substrate

by projecting a | aser beamthrough the side face ﬂ to the
center of the substrate. 2. The process for thin fli THS t >@r di ng
to claimil, waghe Rst BeagRRe @ki:on i s caused by fdcusi nBEREHCEAser beam on

the side face of the porous |layer to swell the poroUs layer. 3. The
process for thin film hopratess #6e0tHIAJLLOmCEdrMationhebmpiikhagpar ous

| ayer on the nonporous layer is forned by anodi zation of an Si wafer. 4.
The process fatephoff Eeparhtiont ofnaasabstraget cons&itutedwbérain the | aser
beamis projected onto plural sites of the porous |layer. 5. The process for
thin film formanporonscéageng toporaus layanefermedhsheneenof anfle@nonpor ous
| ayer reverse to the porous layer is brought into close - 28 - contact
with a vacuumlessceorans dayergwhighl hpagaf es€ porosity than that

of the porous layer formed on the porous layer into the

nonporous layer and the less porous layer at the porous
layer, wherein the separation is caused by projecting a
laser beam through the side face of the substrate into

10 the center of the substrate.

2. The process for thin film formation according
to claim 1, wherein the separation is caused by
focusing the laser beam on the side face of the porous

15 layer to swell the porous layer.

3. The process for thin film formation according
to claim 1, wherein the porous layer on the nonporous

layer is formed by anodization of an Si wafer.

20
4. The process for thin film formation according
to claim 1, wherein the laser beam is projected onto
plural sites of the porous layer.
25 5. The process for thin film formation according

to claim 1, wherein the face of the nonporous layer

reverse to the porous layer is brought into close

L



is'épplied by the vacuum chuck to the substrate. 6. The process for thin
fTilmformati according to claiml1l, wherein the | aser beamis an exciner

| aser beam 778 ; thin filmformation according to claim1
wherein the Ii H nver ged Iin‘eé’fqy’byac | Sr 'TH@BE@@dthe
linearly conv mis projected al ong the.gﬁ 0 iﬁ¢5§' . }The
process for thin filmformation according to clai m3__whe I =)

porous |ayer is a nonporous epitaxial |ayer formed by epitaxial growth on
the porous | ayintabt WELR'PGRSSulR 'Rk, fAddnd WIRIR© pRrLoidgli flicd® cl ai m
8, wherein the nonporous epitaxial |layer is bonded to a supporting
substrate withid HEpPRSd thPntied Pacuds WRidK td apied , suletsefsy ation is
caused at the porous |ayer, the porous |ayer renaining on the nonporous
epitaxial layer is renoved, and the nonporous epitaxial |ayer and the

i nsul ating | ayer are enployed respectively as a sem conductor |ayer and an
under | yi ng i nsul atithg |Eyerpxdcess ST sthogt il formaipn d@zoriingr ocess
for thin filmformation according to claim9, wherein the supporting
substratbis P Slakm ek, whereincthy 1aFeh e risan Rwlnsd #3R8F and
the insulating layer is the oxidized surface. 11. The process for thin film

f ormati on accd?@hg

7. The process for thin £film formation according
to claim 1, wherein the laser beam is converged
10 linearly by a cylindrical lens, and the linearly
converged laser beam is projected along the porous

layer.

8. The process for thin film formation according
15 to claim 3, wherein the less porous layer is a
nonporous epitaxial layer formed by epitaxial growth on

the porous layer.

9. The process for thin film formation according
20 to claim 8, wherein the nonporous epitaxial layer is
bonded to a supporting substrate with interposition of
an insulating layer, the separation is caused at the |
porous layer, the porous layer remaining on*;he
nonporous epitaxial layer is removed, and the nonporous
25 epitaxial layer and the insulating layer are employed

respectively as a semiconductor layer and an underlying

insulating layer of an SOI substrate.

O



to'claim8, wherein an insulating layer is formed on the nonporous
‘epi taxi al | ayefis sHeB e 0BRRRIMYS epitaxial layer is bonded to a supporting

substrate, the caused at the porous |ayer, the porous |ayer
remai ni ng on tdﬂﬂg ﬂiﬂmﬂ })I taxial |aye4d9is renovg puS
epi taxi al |aye ating |layer are enpl oyddHi®SHEET iHAS ﬁ a

seni conductor |ayer and an underlying insulating | ajer of RERLASED subs{rate.
12. The process for thin filmformation according to-ctrarmIT,—Wwherein the

supporting substratf is 3ﬁ$ﬁ§56§%2 6£a£$helgila' fﬁg@gg@ %5%355&£bf'|rn

formation accordlng rern upp oFt

substrate prepgeg ym%' GREBGLE NenS L ERE8rOlng o bALE 1d fan TBE P oCESS

for thin filmformation according to erein | ess porous | ayer
is formed by yafeBOa-s@Ppabdabt OfnEniheES: N Bedh @xfdlii&m,t aedisi ty

| ower than that in formation of the porous |ayer by the anodization. 15.

The process fognhéhiflshldtihgr I@FéP N SCERNE dbRDALLed | Sirfdcor 14, wherein the
| ess porous |layer is bonded to a supporting substrate, and is separated at
the porous |ayer, and the | ess porous layer is enployed as a photoelectric

transduci ng | ayer of a photoel ectric transducing apparatus.
11. The process for thin film formation according

to claim 8, wherein an insulating layer is formed on
the nonporous epitaxial layer, the nonporous epitaxial
layer is bonded to a supporting substrate, the

10 separation is caused at the porous layer, the porous
layer remaining on the nonporous epitaxial layer is
removed, and the nonporous epitaxial layer and the
insulating layer are employed respectively as a
semiconductor layer and an underlying insulating layer

15 of an SOI substrate.

12. The process for thin film formation according
to claim 11, wherein the supporting substrate is a

guartz substrate.

20
13. The process for thin film formation according
to claim 11, wherein the supporting substrate is a
substrate prepared by oxidizing the sﬁrface of an Si
wafer.
25

14. The process for thin film formation according

to claim 3, wherein the less porous layer is formed by

LT




16. ' The process for. thin filmformation according to claim1, wherein the
‘nonporous | ayer, the porous |layer, and the | ess porous |ayer are
respectively @& stéﬁsbéenabii]?econ. 17. Thelqorocess for thin filmformtion

according to cl n the separa nis cayseo—by—focusing [he

| aser beamon t muu& HH’H f the porous |layer to 5\7{&'99 SﬁEETpMSOEEEN yer.
18. The process for thin tilmformation according t¢ claiREPLACERhereif the
porous | ayer on the nonporous layer is fornmed by anodi zat rom uvf—an—s-

wafer. 19. The jy 18K éP!fhéiédinvﬁﬁéEaté@rh AN B el GhA 1B

wherein the | aser beamis projected onto - 31 - plural sites of the
porous layer. 26hadhend¥ 0GESformitidh lof i4H8 furmid amypse wligrg to claim
16, wherein the face of the nonporous |ayer reverse to the porous |ayer is
brought into clossacsgtast. Wth a vacuum chuck, and a slight pulling force
I's applied by the vacuum chuck to the substrate. 21. The process for thin
filmformation according to claim 16, wherein the | aser beamis an exciner

| aser beam 22. The process for thin filmformtion according to claim 16,
wherein tHe | aser bekhn i SThwmeocsss |forathin fikn Sormatiom|agegrdingd t he

linearly converged | aser beamis projected along the poraous | ayer.
to claim 8 or 14, wherein the less porous layer 'is

bonded to a supporting substrate, and is separated at
the porous layer, and the less porous layer is employed
as a photoelectric transducing layer of a photoelectric

10 transducing apparatus.

16. The process for thin film formation according
to claim 1, wherein the nonporous layer, the porous
layer, and the less porous layer are respectively

15 composed of silicon.

17. The process for thin film formation according
to claim 16, wherein the separation is caused by
focusing the laser beam on the side face of the porous

20 layer to swell the porous layer.

18. The process for thin film formation according
to claim 16, wherein the porous layer on the nonporous
layer is formed by anodization of an Si wafer.

25
19. The process for thin film formation according

to claim 16, wherein the laser beam is projected onto

A



23. The process for thin filmformation according to claim18, wherein the
‘| ess porous Ia¥er IS a noniéious epi taxial layer formed by epitaxial growh
I

on t he porous ot Has B l3sehcess for thin filmformation according to
claim 23, wherei I
havi ng an i nsul

ECIF

ul trate
| east on the surfac ration

I s caused - 32 - at the porous |layer, the porou W fEh Ni ng jon t he

epitaxial |ayer is renoved, and the epitaxial |ayef and ng

| nul ati no | AgBREEY EYRRR DE kel BeRoRSTagRE T O Thin i m

formation according to claim24, wherein the supporting substrate having an
insulating | ayer at |east on the surface thereof is an Si wafer a surface
of which wafer haspbeenray pirdedss2@orTRAiAr g82mS fbgmathbn bckorBangation
according to claim 23, wherein an insulating layer is formed on the

epi taxi al | ayes, caadmt 16, epheaeial they€acesofottied nboparsuppdayeng
substrate, the separation is caused at the porous |ayer, the porous |ayer
remai ni n§ on reeeepet &oi £hel pprouss lagewyvdéd, bxoughite 1opot gtoge | ayer and
the insulating |ayer are enpl oyed respectively as_a sem conductor |ayer and
an under | yi ngcongakst wighl ayyecuumaghgck, sapdt pasdight. ryddipgofessef or

thin filmfornmation according
is applied by the vacuum chuck to the substrate.

| ayer ts3bonded to a supporti

21. The process for thin film formation according
10 to claim 16, wherein the laser beam is an excimer laser

beam.

22. The process for thin film formation according
to claim 16, wherein the laser beam is converged
15 linearly by a cylindrical lens, and the linearly
converged laser beam is projected along the porous

layer.

23. The process for thin film formation according
20 to claim 18, wherein the less porous layer is a
nonporous epitaxial layer formed by epitaxial growth on

the porous layer.

24. The process for thin film formation according
25 to claim 23, wherein the epitaxial layer is bonded to a
supporting substrate having an insulating layer at

least on the surface thereof, the separation is caused

* c L M s *




td cl'aim 26, wherein the supporting substrate is a quartz substrate. 28.
‘The process for thin filn1fornatign according to claim26, wherein the

supporting subst FiShdestan Been R - substrate prepared by oxidizing the
surface of an Si m] process T @2 thin fi lm-ermmtior di ng
to claim18, where “‘\Bm“m ous layer is forneg Tﬁﬁ&rﬁt% W t he
Si wafer at a curr ensity lower than that in forimati diE e_porbus

| ayer by the anodization. 30. The process for thin ff MM Tornati on accordi ng

to claim18 or 29, wherein S 3§§f | S UWIRerting
substrate, and Tk %}é%ar‘?r%]foelﬁé Qfa}%%% p%?% %‘gge?,[a%%a t he elgrgb g)orous | ayer
s empl oyed as g, phal a0 ' WG ety ¥neforft AOLDCI BYd7 Gnd
transduci ng app%a us. ?él;Aé{)r%écess for form ng ae,\[;% n fil mlgnpri sing the
steps of : i nj ectidg; hwi Doty | DiifeXlard Emioyed rdififedtiively | rate to
forman ion-injected layer in the substrate; bonding on a surface of the
substrate anot hggmshisductsr Bdfbs end ain nghdext Bydrg abreel dting drayen ect ed

| ayer froma |ayer below the ion-injected | ayer, wherein the separating
step conprg ses @&f sdres@f sulgtxdtery a | aser beamfromthe direction of a
side face of
25, The process for thin film formation according
to claim 24, wherein the supporting substrate having an

insulating layer at least on the surface thereof is an

10 Si wafer a surface of which wafer has been oxidized.

26. The process for thin film formation according
to claim 23, wherein an insulating layer is formed on
the epitaxial layer, and the epitaxial layer is bonded

15 to a supporting substrate, the separation is caused at
the porous layer, the porous layer remaining on the
epitaxial layér is removed, and the epitaxial layer and
the insulating layer are employed respectively as a
semiconductor layer and an underlying insulating layer

20 of an SOI substrate.

27. The process for thin film formatiEP according
to claim 26, wherein the supporting substrate is a
quartz substrate.
25
28. The process for thin film formation according

to claim 26, wherein the supporting substrate is a

-
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the substrate into the i on-injected | ayer.

10

15

- 33 -

substrate prepared by oxidizing the surface of an Si

wafer.

29. The process for thin film formation according
to claim 18, wherein the less porous layer is formed by
anodization of the Si wafer at a current density lower
than that in formation of the porous layer by the

anodization.

30. The process for thin film formation according
to claim 18 or 29, wherein the less porous layer is
bonded to a supporting substrate, and is separated at
the porous layer, and the less porous layer is employed
as a photoelectric transducing layer of a photoelectric

transducing apparatus.
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