- [POS/S CO
THI N FI LM FORM NG %O%?S%ng G BACKGROUND BZ\I
NVENTI ON- Field of the Invention 5 The present

ention yelates to a process for formng a thin filmused fof&an
substrate or a phot oel ectri ¢ donversi on device sGER a3686s8Bar
cell or an area sensor. Rel at ed Background Art 10 An
Integrated circuit fornmed on a substrate havi ng an SO (Sem conduct or

On Insulator) structure has a variety of advantages jn conparison

with an i ntegrated circuyy fﬁ@ fgh@#h roli ) waf er. For
exanple, (1) dielectric isolag*%ﬁ&g%n e nade eé§%§§£¥% 15 enabl e hi gh
integration, (2) it is excellent in radi ati on resistance, (3)

fl oati ng capacitance can be reduced to enable a high operation speed,

(4) a well BACKUROUND UreRrHA T NVENIioN ed, (5) latch up can be
prevented, and (6) since a conplete depletion type 20 electric field

ef fect transi stQlel@@bAEH MG drhi n filmformation, a high
operation speed and a | ow power consunption can be attained.

As a process of producig pradesit dinretitiior helates t80Oa ginoostser €orxt her e
Is a process such as disclosed in 25 U S Pat. No. 5,371,037 or in
Appl i ed Physi cEdratiingy 8 thin filgl usef for2 538 SOL svbsdirate er & ., Appl.

Phys. Lett. vol . 64, 2108 (1994)). FIGS. 22A to 22E and FIGS. 23A
photoelectric conversion device such as a solar cell or

an area sensor.
Related Background Art

10 An integrated circuit formed on a substrate
having an SOI (Semiconductor On Insulatér) structure
has a variety of advantages in comparison with an
integrated circuit formed on an ordinary Si wafer. For
example, (1) dielectric isolation can be made easily to

15 enable high integration, (2) it is excellent in
radiation resistance, (3) floating capacitance can be
reduced to enable a high operation speed, (4) a well
forming step can be omitted, (5) latch up can be
prevented, and (6) since a complete depletion type

20 electric field effect transistor can be formed by thin
film formation, a high operation speed and a low power
‘Eonsumption can be attained.

As a process of producing a substrate with the

SOI structure, there is a process such as disclosed in

25 U.S. Pat. No. 5,371,037 or in Applied Physics Letters,
vol. 64, p.2108 (T. Yonehara et al., Appl. Phys. Lett.

vol. 64, 2108 (1994)). FIGS. 22A to 22E and FIGS. 23A
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- 2- to 23D show the production process. In the figures,

reference nunerals 1 and 5 denote Si wafers; 2, a
| ayer; 3, a porous Si |ayer; 4, an epitaxial Si |

nonpor ous Si
ayer; 6, a single

crystal Si layer; and 5 7, an Si ~oXide layer. First, the Si wafer 1
that forns a device substrate is prepared as shown in FIG 22A,

whi ch is then anodi zed to fabricate a substrate having
| ayer 3 forned on a surface of the nonporous Si

the porous S
ayer 2 as shown in

FIG 22B. Then ED %Rogr %gbt §§o§hc§'iolnaé?é\cé§|§ &?”%ﬁgogg.ﬁg%grsf ace of

t he orous own rn

hand, the S' “g%gér EQahuEQE als?ﬁﬂoﬁtgaﬁg%5r§39w5§er

shown in FI G e surface ereo i S oxi

grepared as
8|zed to fabricate

a substrate 'nnaﬁb890h995§'la%ér, QX|gep5§Mgg gllg?g?gneg ogna surface of

the single crystal Si Tayer as shown in

52E’ Then, the

substrate 2, 3epi@a#iabosh Lay&re 6225; sEnglenedystal si .1ayeﬁboaﬁdt he
substrate 6 and 7 shown in FIG 22E so that the epitaxial Si |ayer 4
and the Sb oxi We baysi dxdde l3fler. OPpost(d thees8thwafber l1ashabofiorms Fl G
23A, and both t he substrates are bonded to each other with the

epi taxi al Si |ayéevicengublitrateoiksdprepgreed7asnshown incBR€Gacg2iith each
ot her, as shown FIG 23B. Thereafter, the nonporous Si layer 2 is
nechanlcally which ignthen ppogdiradi kg f§b§*ﬁ8§§ Fhé“E§F6§§eSPaVa9§r 3 as

shown in FIG 23C Ther ef the orous Si layer 3.is wet et ched
with an etchanF eaaaﬁ?gs gi layer formed on surface of the
nonporous Si layer 2 as shown in FIG. 22B. Then, the
10 epitaxial Si layer 4 is formed on a surface of the

porous Si layer 3 as shown in FIG. 22C. On the other

hand, the Si wafer 5 that forms a support substrate is

prepared as shown in FIG. 22D, and the surface thereof

is oxidized to fabricate a substrate in which the Si

15 oxide layer 7 is formed on a surface of the single

crystal Si layer 6 as shown in FIG. 22E.

Then, the

substrate 2, 3 and 4 shown in FIG. 22C is turned over

above the substrate 6 and 7 shown in FIG.

22E so that

the epitaxial Si layer 4 and the Si oxide layer 7 are

20 opposed to each other as shown in FIG. 23A, and both

the substrates are bonded to each other with the

epitaxial Si layer 4 and the Si oxide layer 7 in

contact with each other, as shown FIG. 23B.

Thereafter, the nonporous Si layer 2 is mechanically

25 removed by grinding to expose the porous Si layer 3 as

shown in FIG. 23C. Therefore, the porous Si layer 3 is

wet etched with an etchant capable of



- 3- selectively renoving the porous Si layer 3 to renove

the porous Si |ayer 3 as shown in FIG 23D. As a result, the

t hi ckness of the epitaxial Si |ayer 4 which beconmes a sem conduct or

| ayer on the underlying 5 i nsul at =n@ layer becones remarkably uniform

I n producing the substrate of the SO structure, the above-described
producti on process requi res one substrate 1 every tine one SO
substrate i s produced because the nonporous Si layer 2 is renoved

L0 D1 BB S TR p 20,8 18RRI CELS v 1OV 1
' t , h b ' P t l'icati
o SUIELance. SN Seldal " ARECSg Mo, 1p, MEET 395, PO9RL0 208102
plurality of t&:EEElg?t\rAxﬁg'éh&Eﬁnh § B'.'fogzﬁés eBEtEEﬁQ‘iC b&g%%%ris? whiRRt rate.

In - ot her wor n transtormng the“substrate s FI G

23B into the syashbhakeaskanicbiabbCor?itye? on the RhAGR3Iyidlg exerting a
tensile force, a squash force, a Sharing force or the'like on the

substr at esshowinkitlaZing Ebper?BBeofbs Rembirka®l® jungfoikiQ the porous Si
| ayer 3, or the like is used to separate the bonded | ayers 4,

7 and 6 whi ch becone afnSgrodubsihgathel sabstirate of theospdr ous | ayer 2-via
the porous Si layer 3. Thus, the remai ni ng nonporous Si layer 2 is
used a plurali sgrofctuzg, thengbowe-tkecsibedf producitdian proEeS&s 22A.
On the other hand, although the main current of
requires one substrate 1 every time one SOI substrate
is produced because the nonporous Si layer 2 is removed
10 by grinding during the transformation of the substrate
shown in FIG. 23B into the substrate shown in FIG. 23C.
Under this circumstance, there has been proposed in
Japanese Patent Application Laid-Open No. 7-302889 that
the nonporous Si layer 2 is used a plurality of times
15 during the process of producing the SOI substrate. 1In
other words, when transforming the substrate shown in
FIG. 23B into the substrate shown in FIG. 23C, a
process of exerting a tensile force, a squash force, a
sharing force or the like on the substrate shown in
20 FIG. 23B, of inserting a jig into the porous Si layer
3, or the like is used to separate the bonded layers 4,
7 and 6 which become an SOI substrate from the
nonporous layer 2 via the porous Si layer 3. Thus, the
remaining nonporous Si layer 2 is used a plurality of
25 times as the Si wafer 1 shown in FIG. 22A.
On the other hand, although the main current of

existing solar cells are those which use amorphous Si



exi sting solar cells are those which use anorphous S

-4- as a structure suitable for attaining a | arge area

cell, attention has al so been paid to a solar cell of single crystal
Si or polycrystal Si fromthe standpoi-ntd - of conversion efficiency
and service |ife. Japanese 5 Pat ent Application Laid-Open No. 8-213645
di scl oses a process of providing a thin filmsolar cell at a | ow
cost. In the process, as shown in FIG 24, a porous Si | ayer 3 is
formed on an Si wafer 1, and then a _p[err]type Si | ayer 21, a p-type

T e e v o o e e, ool

prgtectlve ]PIH(ﬁe}g‘ act, %&&Pﬁe&ia‘?tﬁ?&%] @3‘%]%% llaé'yé’Pfl ajig 31
de t h f

thggl \e/e 84 an&néﬂ% %r%ftt%l r?élde t%’ eQ:t %‘if ron\flxatt%:ev %t‘é('nﬁ? g'g’é: of

the protective fd dﬁ?y%fgikﬁ %&fﬁ@ﬂ%ﬁﬁ&e %. service %ﬂ&%equgﬁggﬁss Lhe jigs

31 and 32 are pulled in opposit rections as sho I'n FIG 24

to mechaniscal | Yatent A E?’l&@&ﬁi'&?x RAHAUDpen wera-élststigr a&&&a&a&ay ng the
solar cell layers 21, and 23 fromthe S wafer 1. Then, the sol ar

cell layers 21pr2>&e&@do&3p&b@idji&gl @Sehin film solbe bauer aezsedlbﬁrt ween two
pl astic substrates, thus producing a flexible thin filmsolar cell.

It is f aoisiter dins dhes patoclessei ast shbwnhdnSIFIGaf @d, l1acaporbas Si

used several tinmes. Also, there is disclosed that a 25 partial cut 33

is formed on alsyes Balls dormed pow emsSi wafer 1, and then a p*type Si
layer 21, a p-type Si layer 22 and an n'type Si layer 23

10 which become a solar cell layer are epitaxially grown
on the porous S8i layer 3. After a protective film 30
is formed on the n'type Si layer 23, a jig 31 is made to
adhere to a rear surface of the Si wafer 1 with an
adhesive 34, and a jig 32 is made to adhere to a front

15 surface of the protective film 30 with an adhesive 34.
Subsequently, the jigs 31 and 32 are pulled in opposite
directions as shown by P in FIG. 24 to mechanically
break the porous Si layer 3, thereby separating the
solar cell layers 21, 22 and 23 from the Si wafer 1.

20 Then, the solar cell layers 21, 22 and 23 are disclosed
to be interposed between two plastic substrates, thus
producing a flexible thin film solar cell. It is
further disclosed therein that the Si wafer 1 can be
used several times. Also, there is disclosed that a

25 partial cut 33 is formed on a side wall of the porous

Si layer 3 by a mechanical process or an irradiation

with a laser beam prior to the application of a pull



Si layer 3 by a nechanical process or an irradiation with a | aser
beam prior to the application of a pul

-b5- force. In producing an SO substrate, the
process di scl osed in Japanese Ratgnt Application Laid-Cpen No.

7- 302889 nentioned above can reduce the cost because 5 the Si wafer is
used several tinmes. However, this process is not so sufficient in
actual operation. On the other hand, in a solar cell

accordi ng to the production process as disclosed in Japanese

Pat ent Appl i catiff®-ai d- Open No. 8-213645 nentioned 10 above does not
al ways all ow t he separg&ion | layer to be nmade

t .he por.oys
successful l'y. Theref or e Producing an SQI rﬁi’fﬂﬁl%a?s i TIPS ®rack i s
generated in . the. epitaxial layer. thys l.Quer.. he yiel d. Sso,
since the pr ocgslsscalc%siee%e%n t‘ﬂaé a?’gﬁaer éﬁtc?ﬁ‘%;%pﬁﬁﬁ |a$&rgﬁ§fa%¥r?§e€o”§u’s_ Si
| ayer, a Strong AR it dHud sty AL ddt ihddie si nal e
: I C tabl e for

. can
crystal Si |ayer makes f%e process unsul mass

producti on the si SWORY OusHEE JNENMD PImed  However, tHHid S an

obj ect of the present invention is to _ provide a sinple process which
i s capable of P¥dtess is oY S/ EFicldnt) 191 twlle opefatiisnly an Si
waf er wi t hout wastes advantageously fromthe viewpoints of

the cost, and of effectOwveaihe efdeayihamd, hdn es@dler afell, according

to the production process as disclosed in Japanese
Patent Application Laid-Open No. 8-213645 mentioned

10 above does not always allow the separation at the
porous Si layer to be made successfully. Therefore,
there are many cases in which a crack is generated in
the epitaxial.layer,.thus lowering the yield. Also,
since the process achieves the separation by pulling

15 ' the porous Si layer, a strong adhesion is required
between the jig and the single crystal Si layer, which

makes the process unsuitable for mass production.

SUMMARY OF THE INVENTION
20 It is an object of the present invention is to
provide a simple process which is capable of more
surely separating substrates, of using an Si wafer
without wastes advantageously from the viewpoints of
the cost, and of effectively employing the resource of
25 the earth.
The present inventors conducted intensive

studies in order to solve the above problems and



25 the earth. The present inventors conducted intensive
studies in order to solve the above problens and

- 6- acconpl i shed the follomﬁng i nvention. Thus, according

to the present invention, there is provPded a process of formng a
thin filmwhich prepares a substrate havi ng a porous |ayer on a
nonpor ous | ayer and further 5 having a |layer smaller in porosity than
t he porous | ayer on the porous |ayer, and separates the nonporous

| ayer and the.%%&%hgil%hed‘QhEOEBEiB%gﬁﬁ &R@eﬂ%&%ﬂ? Thus a%&%&&ikg

process conpriSing act "'Wth rface

of the substrakg g ?ebkaebntlﬁnvenwsnseeaa%' %8, rmawdrs PRbagswound on

t he side surface of the substrafe at |east one round. "Here, the

wire may be el ggt kbealihy aORd4At FYem aARdcR ﬁ!éébaﬂ-bsr@y substratBe allowed to
flowinto the wire to generate heat from the wire. Also, the wire
may be el ectripakling aSporeasdiaiexreonaddnanpoirbast lagpgrbandl fantHelro fl ow
into the wire to thermally expand the wire. Further, the wre
may be el Bct ri havlingcandagervemadhdrainuporositgy than thebpoabluswed to fl ow
into the wire while applying a magnetic field to the outside of the
wire, thereby lager oax&hei pgrous Lsyent zandf separateshéhei nonporgushi s
case, the magnetic field my be a static magnetic field, and an

al ternating cutPERF ARf bbealpgREdspall in Porpghtynby the RPFEUSo vi brat e

the wire. Also, the
layer, the process comprising bringing a wire into

contact with a side surface of the substrate to effect

10 the separation. The wire may be wound on the side
surface of the substrate at least one round. Here, the
wire may be electrically conductive, and a current may
be allowed to flow into the wire -to generate heat from
the wire. Also, the wire may be electrically

15 conductive, and a current may be allowed to flow into
the wire to thermally expand the wire. Further, the
wire may be eiectrically conductive, and a current may
be allowed to flow into the wire while applying a
magnetic field to the outside of the wire, thereby

20 exerting the Lorentz's force on the wire. In this
case, the.magnetic field may be a static magnetic
field, and an alternating current may be allowed to
flow into the wire to vibrate the wire. Also, the
magnetic field may be a static magnetic field, and a

25 direct current may be allowed to flow into the wire to
exert a force on the substrate from the wire in a

direction of peeling off the Si layer small in



magnetic field may be a static magnetic field, and a 25 direct current

may be allowed to flowinto the wire to exert a force on the
substrate fromthe wire in a direction of peeling off the Si |ayer
small in -7 - -7- porosity.
Further, the wire may be tightened to separate the substrate.

In the present invention, the wire may be a binmetal, and the wire

may be heated to be thernally 5 deforned to conduct the separation.

Al so, the wire sity. ﬁlﬁ-tg}]e?a%{é*‘%}l‘lfé’ P@[thﬁéwtﬁgﬁé&%d’“ £ may be

def or med y using the age- nenory o 0 conduct the

separation. se%?rate the |dudst @3 rabl e that the layer small in 10
porosity is formed by epitaxial growh on the porous | ayer. Also, it

is desirable that afterid RheRPrdededrl inventidy HhedRdrd HRPY asubstrate
havi ng an insul ating | ayer at |east on a surface thereof are bonded

to each biinfetial S el aiheoviire eyl GeThkatbed o ber dberdmydsy, and 15
t he porous |ayer renmining on the epitaxial layer is renoved to use
the epitad al Sefloaywed snd ddreluct the isepalrattion. aydsd,orthe serecoayuct or

| ayer and an underlying insulating layer of the SO substrate,
respectively. e ias shape-gemenvhalloye andhdbe wige mayylbet deformed ng an
insulating filmat |east on a surface thereof is a substrate

obt ai ned by oxb¥ Xsigd the shapgmegioryoriathe wideeto gopsugt the possibl e

t hat after an .insulating layer is forned on a surface of the
separation.

It is desirable that the layer small in

10 porosity is formed by epitaxial growth on the porous
layer. Also, it is desirable that after the epitaxial
layer and a support substrate having an insulating
layer at least on a surface thereof are bonded to each
other, separation is performed by the porous layer, and

15 the porous layer remaining on the epitaxial layer is
removed to use the epitaxial Si layer and the
insulating layer for a semiconductor layer and an
underlying insulating layer of the SOI substrate,
respectively. It is desirable that the support

20 substrate having an insulating film at least on a
surface thereof is a substrate obtained by oxidizing a
surface of an Si wafer. Also, it is possible'that
after an insulating layer is formed on a surface of the
epitaxial layer and the insulating layer is bonded to

25 the support substrate, the separation is made by the
porous Si layer, and the porous layer remaining on the

epitaxial layer is removed so that the epitaxial layer



epitaxial |layer and the insulating layer is bonded to 25 t he support

substrate, the separation is made by the porous Si |ayer, and the
porous | ayer remai ning on the epitaxial layer is renoved so that the
epi taxi al |ayer - 8 - - 8- and the
i nsulating | ayer are used for a sem conductor | ayer and an
underlying insulating | ayer of an SO substrate, respectively. In
this case, the support substrate may be a substrate where a surface

IO;ygp Simatl | in p%‘i eéh% 1,2%u£i%€frg%r)ﬁ%%§"%%€”z és&jb%%%ﬁ%te?%l%%nﬂf%%%‘ on a;l'hg

smal | er current Qﬁg§| §$¥5 %gggk éﬁh aysr | ayer at
the tine of 1 tﬁ%¥%nod|zat| é an #ﬁqfﬂ %E?EQ%?WE it may 10
be designed thadygdtLdtd herddiy éﬁtﬁ@i* | NEAPOEIPEE tdaddd the suppdkt support
substrate are bonded to each ot her separation is nade by the

porous |ayer somidérd€e may be & BiBstrEtd whHel®Idsdlyfdde Usethd ®ithe
phot oel ectric conversion |layer of a photoelectric conversion device.

15 Furtlger, atafidd Sigiowidited phot cel@odrts sursarsten | ayer may
be an epitaxial | ayer. The above and ot her objects and
features of the Theskayer rammtl oin \pdtosictyronay dpgpaieamed rlym t he
fol | owi ng descrlptlon taken in conjunction with the 20 acconpanyi ng

dr awi ngs. cond\RF T BEREH Farh Gt BErRRAgNGsirrent density

than that when forming the porous layer at the time of
the anodization of an Si wafer. At this time, it may
10 be designed that after the layer small in porosity and
the support substrate are bonded to each other, the
separation is made by the porous layer so that the
layer small in porosity is used for the photoelectric
conversion layer of a photoelectric conversion device.
15 Further, at this time, the photoelectric conversion
layer may be an epitaxial layef.
The above and other objects and features of the -
present invention will bé more apparent from the
following description taken in conjunction with the

20 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and 1B are views showing a separating
process according to a first embodiment of the present
25 invention where a nichrome wire is wound around a
substrate;

FIG. 2 is a view showing a device substrate and



FIGS. 1A and 1B are views show ng a separating process according to

a first enbodi nent of the present 25 I nvention where a nichrone wire is
wound around a substrat e; FIG 2 is a view showi ng a
devi ce substrate and -9 - - 9- a
support substrate after separation; FIG 3 is a view show ng
an anodi zation process that nakes an Si wafer porous;

FIG 4 is a cross-sectional view showi ng an 5 i deal form of a porous
Si layer;

5C and 2{e vi ews showi ng a

o ocasei ng condbAURPIT; SHBRRRAYS sliter s uRA bondi ng:

FI GS. 6A, 6B, 6C and 6 e Vi

separating a device subl%lﬁ atée/ fg\% Y %ﬁﬁ%f) rg bst ra% e: Brdtlss
FIGS. TA T8 ISaNhailaldh LW A0 Ydkinds; pr ocess of produci ng an

SO substrate using a wholly |nsulat|ng substrate as a support

substrate; 15 FIG.F|453.-S A\ critss-Hedtiibndl aFiw i Sipwmg a
process of producing an SO substrate using an Si wafer as a support

substrate;s ideal form d¥ @pddrdendiOBarexr;vi ews showi ng a separating

process according to a second enbodi nent of the present 20 I nvention

where a thermal |y expati&s.e Sér &B,s Shwardl 5D are arimwsl shawing raat e;
processing conducted for a device substrate before
bonding:;

FIGS. 6A, 6B, 6C and 6D are views showing steps

10 of bonding and separating a device substrate and a
support substrate;

FIGS. 7A, 7B, 7C and 7D are views showing a
process of producing an SOI substrate using a wholly
insulating substrate as a support substrate;

15 FIGS. 8A, 8B, 8C and 8D are views showing a
process of producing an SOI substrate using an Si wafer
as a support substrate;

FIGS. 9A and 9B are views showing a separating
process according to a second embodiment of the present

20 invention where a thermally expandable wire is wound
around a substrate;

FIGS. 10A and 10B are views showing a
separating process according to a third embodiment of
the present invention where a wire formed of a bimetal

25 is used;

FIGS. 11A and 11B are views showing thermal

deformation of a bimetal;



FIGS. 10A and | OB are views show ng a Separating process according

to a third enbodi nent of the present invention where a wire forned
of a bimetal 25 i s used; FIGS. 11A and 11B are views
showi ng t her nal deformation of & Hi%metal :

- 10 - FI GS. 12A and 12B are views show ng a

separating process according to a fourth enbodi nent of t he present
i nvention where a shape-nenory alloy is used; FI GS

éﬁgpgn?rerlrgrBya;Iel \cl)ly,ews m nqiﬁ%&é&%&@ Py A J’éi?@ ar etQ/l ewgf sﬁowi ng a
separating Pr 0GR RGHdl ifibddset ddddras P Al B¥oultn embodddihiidsent

i nventi on where the Lorentz's force is exerted on a wre wound

around a subst e present inventior lWherel ¥\ s%f&bé—i{%n@fﬁr \d1awsy Showi ng a

separating process accordlng to a sixth enbodi nent of the present
I nvention whereiddee Lorentz's force is exerted on -a wire wound
around a substrate; 15 FI GS. 16A and 16B are views show ng a
separati ng process acc@Ifishg 13A taned SB rirte enfesci rehowing the dhexmal
present invention where the Lorentz's force is exerted on a wre
wound around adefieymedtion of a shape-memamyGR1lp¥A and 17B are views
showing a 20 separating process according to an _ eighth enbodi nent of
the present invention \W@tsg d4% @ang 448 gHeeVdevis) showing a

separating process according to a fifth embodiment of
the present invention where the Lorentz's force is

10  exerted on a wire wound around a substrate;

FIGS. 15A and 15B are views showing a
separating process according to a sixth embodiment of
the present invention where the Lorentz's force is
exerted on a wire wound around a substrate;

15 FIGS. 16A and 16B are views showing a
separating process according to the seventh embodiment
of the present invention where the Lorentz's force is
exerted on a wire wound around a substrate;

FIGS. 17A and 17B are views showing a

20 separating process according to an eighth embodiment of
the present invention where a wire is tightened up:;

FIGS. 18A, 18B and 18C are views showing a
process of producing a single crystal Si solar cell;

FIG. 19 is a view showing a separating process

25 for producing a single crystal Si solar cell;

FIG. 20 is a view showing a substrate after

separation;



FI GS. 18A, 18B and 18C are views showi ng a process of producing a
single crystal Si solar cell; FIG 19 is a view showing a
separating process 25 for producing ingle crystal Si solar cell;

FIG 20 is a view showing a substrate éT?%f - separ ati on;

- 11 - FI GS. 21A and 21B are a perspective view and a
cross-sectional view of a single crystal Si solar cell,

respectively; FI GS. 22A, 22B, 22C, 22D and 22E are views 5

showi ng a conventional pFEEESPIA dHPRE rédh Ydrspectives WAEW Al a
FI GS. 23A, 23B, 23C and 23D are views showi ng a conventional process

of produci ng an dfdsssudsitiddrsl anitbw of a single ciyskal4i Balas ewlShow ng
a structure of a 10 conventional solar cell. DETAI LED
DESCRI PTI ON OF hdsdeRBERRRABD ENVBODI MENTS Now, a description
will be given in nore detail of preferred enbodi nents of the present
invention with 15 r #IESnd2A,0 A3 AomPARB iang HBnianss views

First to twelfth enbodi nents of the present i nvention will be

descri bed. 5The fShaying aigppventional gHAGRSRE ML RARARGISER SHS oduci ng
an SO substrate, and the ninth to el eventh enbodi nents show nodes
of 20 pr oduTIRPEF It oel ectric conversion unit such as a

FIGS. 23A, 23B, 23C and 23D are views showing a
conventional process of producing an SOI substrate; and
FIG. 24 is a view showing a structure of a

10 conventional solar cell.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, a description will be given in more detail

of preferred embodiments of the present invention with
15 reference to the accompanying drawings.

First to twelfth embodiments of the present
invention will be described. The first to eighth
embodiments show modes of producing an SOI substrate,
and the ninth to eleventh embodiments show modes of

20 producing a photoelectric conversion unit such as a
solar cell or an area sensor. The twelfth embodiment
shows use of hydrogen ions. The present invention is
not limited by or to only the respective embodiments,
and also includes modes of combining the respective

25 embodiments.

(First Embodiment)
The first embodiment is directed to a mode of

producing an SOI substrate in which, in order to



solar cell or an area sensor. The twel fth enbodi ment shows use of

hydr ogen ions. The present invention is not limted by or to only
the respective enbodinents, and al so i ncludes nodes of conbining the
respective 25 enbodi nent s. (¥i¥2t- Enbodi nent) The
first enbodinment is directed to a node of produci ng an SO substrate
in which, in order to - 12 -

separate a wafer to be reused and an SO substrate, an electrically

conductive wire is wound d id -1

e e A
, reby ener n < \M T,

expansi on of theeb%$@ﬁ§c$%$%8°$§&$%%5%%3ﬂ%§gfh%ﬂﬁgg?dt%Paun&hgc%n %g?lthe

separation of th rage - t : i AR da 1B A8 Vi &
show ng a separa%lll%ggéé 8t %r%%%gg %&k?H?g £é od?%ﬁ%?? ?hgahich FI riA S

a 10  perspectiyg ¥i eurAdet H& mddb i €o2£L6WSEnEECLth@NMire| ethereby

thereof. In the Tigures, the same references as those in FIGS. 22A
to 22E and g3A tgeRebatifdyCat Redbefrom theiwepéi caTherpbths. tiefmaknce
nuneral 10 denotés a wire made of an electrically conductive
material rel ati vekpandbon bfgthenpoesustliayeéy sschndscednbyhtbeeheatetoand
11 is an a.c. power source that applies an alternating

current to the weondd6t theaseparatidn ofii thevsubstrate. separ at ed

i ncl udes the respective layers 2, 3, 4, 7 and 6. Since this is a

substrate obtained by boR8¢Hg iMoand 1B are views showing a separating

process of this embodiment, in which FIG. 1A is a

10 perspective view and FIG. 1B is a cross-sectional view
thereof. In the figures, the same references as those
in FIGS. 22A to 22E and 23A to 23D indicate the
identical members. Reference numeral 10 denotes a wire
made of an electrically conductive material relatively

15 high in resistivity such as a nichrome wire, and 11 is
an a.c. power source that applies an alternating
current to the wire 10. An article ATL which will be
separated includes the respective layers 2, 3, 4, 7 and
6. Since this is a substrate obtained by bonding two

20 wafers the respective edge portions of which are
chamfered, the side surface of the article ATL has a
space SPC such as a recess as shown in the cross
section of FIG. 1B. This is because the chamfered edge
portions of the wafers are thinner than the inner

25 portions thereof. Then, the nichrome wire 10 is wound
around the article ATL in such a manner that the

nichrome wire-lo is laid along the space SPC. The



20 wafers the respective edge portions of which are chanfered, the

side surface of the article ATL has a space SPC such as a recess as
shown in the cross section of FIG 1B. This is because the chanfered
edge portions of the wafers are &% mMmer than the inner 25

portions thereof. Then, the nichrome wire 10 i s wound around the
article ATL in such a manner that the nichronme wire 10 is laid al ong
t he space SPC. The - 13 -

i ch i 1 b h i_cl 1) . I d,
ot e e ST W RN e Wl ' StTene st AR S 10"
fills up the S%@ﬁ&f %:1)1% .rciundt,h or m beTQﬂu%@c% br%ﬁ. @Ioh?{#attlhg%g%gxr rent

is made to 5 |'ow into e nichrome wre y neans o

power source 1l LpyfGRACrHA EHeHirdd 90 H191% &Y ¥He space s¥id.e 10. Then,
the heat is propagated to the porous Si ayer 3, and its thermal

expansi on nekes the pomdiéredfter, an laARrndtihg duerdnteriebhagiepaoat i ng
the article ATL by 10 the porous Si layer 3. In order to pronote the

separati o |i Qliok Sutio ahesaiieshronec otiale 10 byPfieans of (theopar.epyl

al cohol) may be injected into and adsor bed to the pores of the
porous Si | ayepderTisicairice 3dcd0s generate ehbegatpfronorhef niichriomeui d
pronotes the separation 15 since the liquid is larger in thernal
expansi on wingodi(r.i ciThen,t the head iig propagatsd tpmdhsomeroysubde

11 was described as an a.c, power source, but may.be a d.c. power
sour ce. layer 3, and its thermal expansion makes the porous Si

layer 3 brittle, thereby separating the article ATL by

10 the porous Si layer 3. In order to promote the
separation, liquid such as water, alcohol, or IPA
(isopropyl alcohol) may be injected into and adsorbed
to the pores of the porous Si layer 3. This is because
the expansion of the liquid promotes the separation

15 since the liquid is larger in thermal expansion
coefficient than a solid such as Si. The power source
11 was described as an a.c. power source, but may be a
d.c. power source.

A vacuum chuck 12 that serves as a substrate

20 holder has a space which contains a gas, and is
designed in such a manner that it is brought in contact
with the respective.outside surfaces of the nonporous
layer 2 and the single crystal layer 6, and the gas can
then be extracted from the inside of the vacuum chuck

25 12, thereby holding the article ATL to be separated.
Here, in order to facilitate the separation, a small

tensile force may be exerted on the substrate through



A vacuum chuck 12 that serves as a substrate 20 hol der has a space

whi ch contains a gas, and is designed in such a manner that it is
brought in contact with the respectlve out si de surfaces of the
nonpor ous | ayer 2 and the singreldrystal |ayer 6, and the gas can
then be extracted fromthe inside of the vacuum chuck 25 12, thereby
hol ding the article ATL to be separated. Here, in order to facilitate
t he separation, a snall tensile force may be exerted on the substrate

t hr ough 4 t he vacuum
ﬁ? . t
chuck 12. As a Fgég uup ove As a rgggé%aPanhﬁrogggé as shown in

FIG 2 a subsheBbaihg proce%@at aOSHByAN 1A0FTBUDSLT & GuBadracalll rat e

PW t hat be retused can be separated wth & boundary of t 5

porous |ayer 3thak”f6&ﬁs é4n BOIOB&bSitradkehhd3a cabBitRate PW tﬁatthe
respective surfaces (separation surfaces) of the respective

substrates. Howeiladr bel reulsedpeaaubel apparated with a boluhdargnblfy theduced
in thickness during the anodi zation process, it is possible that the
remai ni ng5 10 popousudageri dyer I8 Fdbes2noporous Riodayersos 'bremadh

the substrates after the substrates are substantially separ at ed.

Wien an SO subPbt thee respestive, S&ﬁfspeﬁaﬁéﬁparatlontﬁ&Ffﬁéﬁﬁé afdéhece

substrate is first prepared. FIG 15 IS a ¢ross-sectional V|eM/shomnng
a device for reSPe°§ﬁ8&|§FH§t5ﬁtSP'maFQWeVPﬁ t k& FP&UP8r°P§fé?¥ﬁEe
nuneral 1 denotes a ric a type etchant

reserved in a f@sngSEFiﬁVFi¥8Fe§hE8§i ngc ness aurlng the

anodization process, it is possible that the remaining

10 porous Si layer 3' does not remain on one or both of
the substrates after the substrates are substantially
separated.

When an S01I substrate is formed, an Si wafer
that forms a device substrate is first prepared. FIG.

15 3 is a cross-sectional view showing a device for
anodizing an Si wafer. In the figure, reference
numeral 1 denotes an Si wafer; 27, a hydrofluoric acid
type etchant reserved in a reservoir RV; 28, a positive
metal electrode; and 29, a negative metal electrode.

20 The Si wafer 1 which is anodized is desirably of the p-
type, but may be of the n-~type if it is low in
resistance. Also, even if it is the n-type Si wafer,
the wafer can be made porous if holes are formed by
irradiation with a light. As shown in FIG. 3, the

25 positive electrode 28 is located left whereas the
negative electrode 29 is located right, and a voltage

is applied between the electrodes. When both



netal el ectrode; and 29, a negative netal electrode. 20 The Si wafer 1

whi ch is anodized is desirably of the p- type, but may be of t he
n-type if it is lowin resi stance. Also, even if it is the n-type Si
waf er, the wafer can be nade pGr&@S Sif holes are formed by
irradiation with a light. As shown in FIG 3, the 25 positive el ectrode
28 is located |l eft whereas the negative electrode 29 is located
right, and a voltage is applied between the el ectrodes. Wen both

- 15 - t d 2 and t I

parallel with thel 81eBioled 98 220 angiiiel NE A U1 skl UGG | 1 by the

voltage is appbhﬁﬂll&lt P@.tﬁ' é%%'h' ether suchp%ha%n@hc@l@cttﬂcﬂ fSfgace of
the Si wafer the S wafer 1 is nmade porous fromthe negative

el ectrode 29 J.nduceal 8. t‘ﬁbevbmhgbl Her eppdded tHnpahel dideictdénmay be
concentrated hydrofluoric acid (49% HF). Since during t he
anodi zat i on bupbkpendieujametat adsiurdacehefSitheaSdr wafer .1,1 thHeoiSit he

pur pose of efficiently renoving the bubbles, 10 it is preferable that an
al cohol i§ addwdfer fhds| mgdedporous frPmathe pegeidyeactiepdrageniZ9 The

al cohol to be added is desirably selected from nethanol, ethanol,
propanol , sidesopIBpahyirasduokac) préd AvPe, etebesdd 23f mewe be

addition of the surface actjve agent a stirrer used to

conduct anodi zGPPERPFFENed: hYArR 1“°Fﬂ°l§°1d (49% %gﬂera§P€°Fh§PrFW§

thi ckness of t@ﬁel odlgg%ggn Bubbles are gegg;g ed r%ﬁtthp gi wa e%p pm

1, for the purpose of efficiently removing the bubbles,
10 it is preferable that an alcohol is added to the liquid
27 as a surface active agent. The alcohol to be added
is desirably selected from methanbl, ethanol, propanol,
isopropanol and the like. Also, instead of the
addition of the surface active agent, a stirrer may be
15 used to conduct anodization with stirring. It is
preferable that the thickness of the layer which is
made porous is set to 0.1 to 30 pm.
It is desirable that the negative electrode 29
is made of a material which is not eroded by
20 hydrofluoric acid sclution, for example, gold (Au),
platinum (Pt) or the like. Although the positive
electrode 28 may be made of a metal material which is
generally used, it is desirable that it is made of a
material which is not eroded by hydrofluoric acid. The
25 current density for anodization is 100 mA/cm®? at the
maximum and the minimum value may be any one other than

0 (zero). The current den51ty is set so that a

-



It is desirable that the negative el ectrode 29 I's made of a materi al
which is not eroded by 20 hydr of l uoric acid solution, for exanple, gold
(Au), platinum (Pt) or the like. Although the positive

el ectrode 28 may be made of a netal matéd a which is general ly
used, it is desirable that it is nmade of a material which is not
eroded by hydrofluoric acid. The 25 current density for anodization is
100 mA/cnjerr] at the maxi nrum and the m ni num val ue may be any one

ot her than N r.ante.d Ly t
- 16 - hig%l éﬁ‘%’.&;ﬁl’l tgyilﬁepl ié’% gl g'lgylegygra%cz% qu?“tc?:@rr_tggagrl\wt he
porous Si | ayend:oae ioniRr & v fidled, "8na so tha’Panalion at the

porous Si layer to be formed can easily be made. Specifically, when

the current depgpatation aimtm@?owuisomf Qayere R by fRRieds can | S | ar ge,
t he density of Si of the fornmed porous Si layer is reduced.

For that reasorasilly bel wadenf SpeqiFieall§comhen ahgeicurrent dehstiitg
current density is |large, whereby the porosity (which is defined by
a rate of 5t he ol amedizafdors fioor pr@parting porausySiuds diarges miweous

| ayer) becones | arge. Al t hough the porous Si |ayer has a |large
nunber of denggditys ofn Sid @foftheh ogimedy poroush 81isilayes- dsy edudedi.t y
(i.e., nonocrystallinity) thereof is maintained. Therefore, it is
possi bl e to epFPExithety T§esAna Sheyvelune of;the porgs pgromes, 12rg6%ous Si
| ayer. However,. in qrd '

gr to forman epitaxial Si |ayer
havi ng no st acRPngPRaFUETSRE dg er&b érgﬁatwﬁﬁ Ltaxl i

reby the porosi
{which is defined by a rate of the volume of pores to
10 the total volume of the porous layer) becomes large.
Although the porous Si layer has a large number of
pores inside of the Si layer, the single-crystallinity
(i.e., monocrystallinity) thereof is maintained.
Therefore, it is possible to epitaxially grow a single
15 crystal Si layer on a porous Si layer.

However, in order to form an epitaxial Si layer
having no stacking fault, it is preferable that the
porosity of the porous Si layer in contact with the
epitaxial 8i layer is small, On the other hand, in

20 order to facilitate the separation between the device
substrate and the SOI substrate with the boundary of
the porous Si layer, it is preferable that the porosity
of the porous Si layer is large. In other words, it is
ideal that the porosity of the porous Si layer is small

25 on the outermost surface side thereof, and the porosity
of the porous Si layer 3 is large on a side close to

the nonporous-Si layer. FIG. 4 is a cross-sectional



porosity of the porous Si layer in contact with the epitaxial S

| ayer is small. On the other hand, in 20 order to facilitate the

separation between the device substrate and the SO substrate with

t he boundary of the porous Si Fagp@r~- it is preferable that the

porosity of the porous Si layer is large. In other words, it is

| deal that the porosity of the porous Si layer is small 25 on the

out ernost surface side thereof, and the porosity of the porous S

| ayer 3 is lar on si,de ose .to t he_pnonporous i, Layer. FIG 4 is

a gross-sectioggﬁw sgowing %he ?deal form 02 tRe goroug %} 5a¥er, Vi ew

showi ng the ideal _fo € R0 Si, | e S
WRersorobRrsba S AYg= e BiELL 1p porofIEy” 43 BOHL

| ayer 3a small "I'n por sur

porous Si | ayepn3cnandudtace s4dB0b2UnS phaves 30 hayde b BAGOS LY i

formed on the _ nonporous Si |ayer 2 Side of the porous Si layer 3. In
order to form pRirsust E4ChEYBr 8B0Ua%3EI 2R boresAdyCciedformed ol thesSnal |
current density at an initial stage where the layer 3a is forned,

and anodi gat i ofichpogoudusticdagbr 2 sidedolfathe purbast sdenayby 3t arpost
stage where the layer 10 3b is formed. Wth this structure, the
separati on ordesutbafornf thiie stipettatre, wahbdbeatdonedsatonfiackeagder
3b. Further, an epitaxial Si l|ayer having no stacking fault can be
formed on the pbrausmgll| gursresk. densiity at an dpditiabl steget whezeepi t axi al
Si layer is formed by a 15 met hod such as the nol ecul ar beam epi t axi al
growth, the ‘the lgyesngacis, frruefonapfegboddzavibon: 48 pRABAYCEYY, athe
a large current density at a post stage where the layer
10 3b is formed. With this structure, the separation
surface of the substrate will be formed at the layer
3b. Further, an epitaxial Si layer having no stacking
fault can be formed on the porous Si layer 3a. It is
desirable that the epitaxial Si layer is formed by a
15 method such as the molecular beam epitaxial growth, the
plasma CVD, the low pressure CVD, the photo CVD, the
bias sputtering, the liquid phase growth or the like,
especially the low temperature growth method.
According to the above-~described process, an Si
20 wafer 1 is prepared as shown in FIG. 5A, and its
surface is made porous as shown in FIG. 5B. In this
way, the Si wafer 1 is changed into a structure in
which a porous Si layer 3 is stacked on a nonporous Si
layer 2.
25 Subsequently, as shown in FIG. 5C, a nonporous

epitaxial Si layer 4 is formed on the porous Si layer
3‘



bias sputtering, the liquid phase gromh or the Ilike, especially the
| ow t enperature growth nethod. According to the
above-described process, an Si 20 wafer 1 is prepared as shown in FIG
5A, and its surface is made porodd® as shown in FIG 5B. In this

way, the Si wafer 1 is changed into a structure in whi ch a porous S
| ayer 3 is stacked on a nonporous Si | ayer 2. 25

Subsequently, as shown in FIG 5C, a nonporous epitaxial Si |ayer 4

is formed on the porougnﬁ%hléﬁp i th £
- 18 - ) &5 oeeasl c()inemt?élr(rlasrfds G RS Tace &h(et he

epi taxial Si I | er P ¥Ta X I e | ayer
8 uhi oh i s 0. 0y ais [ £47d “ﬂl@;ﬂ%‘ﬁﬁeﬁ o TR S

The above is agir AW NGayedNAUGHREH Qls 10195 to 2 palllyl NitKAYLE ld
“prime wafer”, "bond wafer" or "device substrate" before t he

bondi ng. shown in FI®e pocessing for the substrate HWcall ed

"handl e wafer"”, "base wafer" or "support substrate" is 10 as follows:
An Si waf & is preparefheambore dscasipprcessing demgbduwdted tforsditieace i s
thermally oxidized to formon a surface of the Si wafer an Si oxide
filmO0.05 to 3swpstrate HWh caliledhdprimelwafer”, "bondSwyiefenieon vy,

referring to FIGS. 6A to 6D, the st eps of bonding and separating the
substrates wil|"ds¥ice substrate” before the bonding.

The processing for the substrate HW called
"handle wafer"”, "base wafer" or "support substrate" is

10 as follows:

An Si wafer is prepared, and as occasion
demands, its surface is thermally oxidized to form on a
surface of the Si wafer an Si oxide film 0.05 to 3 um
in thickness.

15 Subsequently, referring to FIGS. 6A to 6D, the
steps of bonding and separating the substrates will be
described.

As shown in FIG. 6A, a surface of the Si oxide
layer 8 on the epitaxial Si layer 4 of the substrate PW

20 and a surface of the Si oxide layer 7 of the substrate
HW are opposed to each other, and they are made to
bonded to each other at room temperature. Thereafter,
through anodic bonding, pressurizing, heat treatment or
a combination thereof, the Si oxide layer 8 and the Si

25 oxide layer 7 are firmly bonded together to form an
article ATL consisting of bonded substrates as shown in

FIG. 6B.



descri bed. As shown in FIG 6A, a surface of the Si oxide

| ayer 8 on the epitaxial Si layer 4 of the substrate PW 20 and a
surface of the Si oxide layer 7 of the substrate HW ar e opposed to
each other, and they are nade to - Y¥dnded to each other at room
tenperature. Thereafter, t hrough anodi ¢ bondi ng, pressurizing, heat
treatnent or a conbi nation thereof, the Si oxide layer 8 and the S
25 oxide layer 7 are firmy bonded together to form an article ATL

cofg St ot bonded Supieg 818 Rordit Gl AR TEA P ne
structure Sho%#ﬁ“@f‘&ets%f’%ﬁg . t]{'@ YRGB on the' 2 of the

apparatus sho a Wre I's wound around the

side surface Ofcﬂﬁa{aﬁl&femefia a%TascusTé}wﬁrﬁuﬁd@SIiAca}ﬁﬂ 5, and 0 be
I n contact h the side surface of the porous Si layer 3.

Then, a curr entalﬁlﬁé | Dyvegbdred fdundt€hd Pide surfaitd Gf 1R edytgener ati ng
a heat. The heat is used to heat the porous Si layer which is in

contact wigh thern 10 Theviwirenk thesied dned xqmngs tdedeatr usoradayer .
Due to thermal expansion of the porous Si | ayer, the article ATL
begi ns to separwtth ftiwen side Suieface of the fpmuhaiedfayen B+ he boundary
of the porous Si | ayer. 15 In this way, as shown in FIG
6C, the nonporous Then, a current is allowed to flow into the

wire, thereby generating a heat. The heat is used to

heat the porous Si layer which is in contact with the

10 wire and thermally expands the porous Si layer.

Due to thermal expansion of the porous Si
layer, the article ATL begins to separate from the side
surface thereof with the boundary of the porous Si
layer.

15 In this way, as shown in FIG. 6C, the nonporous
Si layer 2 of the substrate PW is separated from the
substrate HW. In this state, the epitaxial Si layer 4
has been transferred to the surface of the substrate
HW.

20 There is a case where the porous Si layer 3
remains on at least either one of the side of the
separated nonporous Si layer 2 and the side of the
surface of the epitaxial Si layer 4. FIG. 6C shows a
state in which the porous Si layer 3 remains only on

25 the surface of the epitaxial Si layer 4.

When the porous Si layer 3 is formed in a

sufficiently small thickness during the anodization



Si layer 2 of the substrate PWis separated fromthe substrate HW

In this state, the epitaxial Si |ayer 4 has been transferred to the
surface of the substrate HW 20 There is a case where
the porous Si |ayer 3 remai ns on23t I east either one of the side of
t he separated nonporous Si |ayer 2 and the side of the

surface of the epitaxial Si layer 4. FIG 6C shows a state in which
the porous Si layer 3 remains only on 25 the surface of the epitaxial

Si |ayer 4. process, the PBEBubh8iPPLAPEE & shB¥€inBib$1{0L8RLA1ihE 8n
sufficiently small thickness during the anodization

- 20 - neiBhe£E68, thECsiPEOHatEs ABYEF BheUBSpaphtabhy renmmins on
nei ther of the substrates after the separation. In the case
where the porous Si | ayartBe case wherai the pbeopsrSisl&yerager 3 renai ni ng
on the 5 substrate HWside is renoved by selective etching. In

the sel ective remaing, thecperous| 3islayerchenémaining on thehing is
conducted using hydrofluoric acid, a mxture solution in which

al cohol 8 ni xsubstrateydWosiderie removed oy dseleqtiveretabing: onInn whi ch
aqueous hydr ogen eroxide solution is mxed with hydrofluoric acid,

or t he Fh?eég%e%.i%?cﬂ%ﬂ??nghgiﬁo?%%gtEﬁl?%§éVeFschﬁﬁé?al et ched
Lhan, e 1ONDOLEUe: S b 81ehnal BB P Hyaraeryor IReLge BRI UEC..
m xed Wit NYIL81LUPEh oy Nhuton 961 dond s § ShEELl Y6 B K)o Rhb181 Lhe
acid, a mixture solution in which agqueous hydrogen
10 peroxide solution is mixed with hydrofluoric acid, or
the like as an etchant, the porous Si layer is more
etched than the nonporous Si layer. In particular,
when the mixture solution is used in which aqueous
hydrogen peroxide solution is mired with hydrofluoric
15 acid, the selective etching ratio of the porous Si
layer to the ﬁonporous Si layer becomes ~10°. In this
manner, as shown in FIG. 6D, the epitaxial Si layer 4
uniform in thickness remains on the surface of the
substrate HW. Thus, as shown in FIG. 6D, there remains
20 the epitaxial layer 4 with a uniform thickness on the
surface of the substrate HW. Therefore, there can be
obtained an SOI substrate having an extremely uniform
semiconductor layer on an insulating layer.
The nonporous Si layer 2 as separated is reused
25 as a prime wafer in order to manufacture another SOI

substrate.

Also, in the process of producing the SOI



| ayer to the nonporous Si |ayer becones -10[err]. In this manner, as
showmn in FIG 6D, the epitaxial Si |ayer 4 uni formin thickness
remai ns on the surface of the substrate HW Thus, as shown in FIG
6D, there remains 20 the epitaxial=1%ayer 4 with a uniformthickness on
t he surface of the substrate HW Therefore, there can be

obt ai ned an SO substrate having an extrenely uniform sem conduct or
| ayer on an insulating |ayer. The nonporous Si |ayer 2 as

separated is re%m;%il: [ gm{ r e anot her
SO substira réte sccbrdidy 't £ led process 0 ‘%ﬂ%uﬁm ng the

sa r@u st
ubstrate may be a wholly i Iating subst
according to thsf S erﬁ)odef men the supp(% sgubst rate my “gie a vvhol |y

i nsul ating subsd rqtass W cﬁfartz SubstrHEBSS FIaBAMK €Al e vildwes. 7A
to 7D are views showi ng a process of producing the SO substrate in

the 5 case siwiinhg e proddss b Prcdeirty udes SOI tdubbsStiEtE tin the
substrate. The devi ce substrate PWshown as an upper portion in FIG
7A i s prodiced casd hhessarethmear s substratoe sicy ivsed s theefsarppuooet t 0
FIGS. 5A to 5D. Then, the gquartz substrate 9 form ng the support
substrate HWi §uhﬁrratﬁypo§8@ tdﬁvtim,e Stubstinate Rbrsowmms (a1 URRRT 7
substrate 9 and the Si oxide |ayer 8 are_ brought in cl ose cont act
with each ot hePUtighH iR iFEG @A A5 @yaduced in ghe,gae mannes 4s not

clearly depicted Then Si oxi de e the quartz
subst rgt e b éi%qq:qﬁligd wit% reference to FIGS.y gA r]di Then, the

quartz substrate 9 forming the support substrate HW is
10 opposed to the Si oxide layer 8, and the quartz
substrate ¢ and the Si oxide layer B are brought in
close contact with each other as shown in FIG. 7B (the
Si oxide layer 8 is not clearly depicted). Then, the
Si oxide layer 8 and the quartz substrate 9 are firmly
15 bonded to each other through the anodic bonding,
pressurizing, heat treatment or a combination thereof.
Thereafter, in the same manner as described
above, a current is made to flow into a wire to heat
the wire, thereby separating both of substrates. The
20 epitaxial Si layer 4 and the porous Si layer 3 have
been transferred from the substrate PW and remain on
the guartz substrate 9 as shown in FIG. 7C.
Furthermore, through the above-described
process, the remaining porous Si layer 3 is selectively
25 removed. In this way, an SOI substrate having a
nonporous single crystal Si thin film on the quartz

substrate 9 is obtained as shown in FIG. 7D.



15 bonded to each other through the anodic bondi ng, pressuri zi ng,

heat treatnment or a conbi nation thereof. Thereafter, in the
same nmanner as descri bed above, a current is nmade to flowinto a
wire to heat the wire, thereby s&%arating both of substrates. The

20 epitaxial Si layer 4 and the porous Si |ayer 3 have been
transferred fromthe substrate PWand remain on the quartz substrate
9 as showmn in FIG 7C Furt her nore, through t he

bove-d | bed b1
Celectively 25 ronpybacunelelf Y MM o MR the
nonporous si ”g's‘?)lcréifﬂsaérai'e taddbrdsl dB % i A\ iment, SHPEY' %Ja%e?: I's

obt ai ned as shown in FI G
I'n addition, i %éi‘%é”tﬂé‘é%ﬁsfdif ﬁ@f&%ﬂa&ﬁ R@ibstrate, SWhided s &ie accor di ng

to this enbodlnent an Si waf may be used for the support
substrate, whi loxige Sayer may cw dFormde on"Bhe) @ fivaiE& 105 il Nayedi loFxi al Si
| ayer of 5 t he device substrate side without form ng an Si oxide

| ayer on tshe Sithsafdevisied subistratey siderwithaout formingnam Sti oxildeyer with
the SO structure. FIGS. 8A to 8D show this process. The device

substrate as sl@ayemmn the Sit wafieap sidet,i dheglebyl Goxgdngs agr oduced in the
sane 10 manner as descri bed above with reference to FIGS. 5A to

5D. Then, a sudngadadiing Jiaygre wdithsthie §OI| @}'é‘lu%iur& FIGS.mB@ &° the Si

waf er i s opposed t he surface of the oxi de |l ayer 8 as shown in
FIG 8A and tK¥ ﬁ?’r‘%\ is procegs.; hdh ﬂ&l"é"@r FUPHTTGE 35 FhOWHL T he

S thethe top portion of FIG. 8A is produced in the same

10 manner as described above with reference to FIGS. 5A to
5D. Then, a surface of a single crystal Si layer 5
formed of the Si wafer is opposed to the surface of the
Si oxide layer 8 as shown in FIG. 8A, and the surface
of the single crystal Si layer 5 and the surface of the

15 Si oxide layer 8 are brought in close contact with each
other and bonded to each other. In this case, it is
preferable that the Si oxide layer 8 and the single
crystal $i layer 5 are firmly bonded to each other
through the anodic bonding, pressurizing, heat

20 treatment or a combination thereof. Thus, the article
ATL is obtained as shown in FIG. 8B,

Then, using the apparatus shown in FIGS. 1A and
1B, a wire is'brought into contact with the side
surface of the porous Si layer and heated by allowing a

25 current to flow into the wire so that the article ATL
is separated with the boundary of the porous Si layer,

as a result of which the epitaxial Si layer 4 formed of



15 Si oxide layer 8 are brought in close contact with each ot her

and bonded to each other. In this case, it is preferable that the S
oxi de layer 8 and the single crystal Si layer 5 are firmy bonded to
each ot her t hrough the anodi c bond?Ag: pressurizing, heat 20
treatnment or a conbination thereof. Thus, the article ATL is
obt ai ned as shown in FIG 8B. Then, using the apparatus
shown in FIGS. 1A and 1B, a wire is brought into contact with the

si de S“rf§8§88%ﬁgﬁesﬂﬂﬁggsgﬁ%?£?%eéia?gg?gﬁk§2e9¥eé'kSWEHS a 25

current to flowin wre e ar | S Separat ed

wi th the boundar¥ofhotB8sP8i0Yayel 52¥88e which i8Sthe! 88gpbref which the
epitaxial Si layer 4 formed of - 23 -

nonporous si ngl esgpystateShwls thadRisrsedté9 $hHén the poRBUBOSQUSaPer! ayer
5 side which is the support substrate HW In this state, when the

porous Si |ayer 3 remaifsrefiathe epitégi&di Soxlaveb 4| apethd suppbetsupport
5 substrate HWas shown in FIG 8C, selective renoval of t he
porous Si |Ayer shbstightéhBWabsvshdescinbBIGpr8Cesselectivepremodat afi SO
substrate shown in FIG 8D. In the first enbodi nent, a

ni chrone wire asth@éeporous Siji Layer thuaughr thedabpeesdeseribedt proeessat e

a heat. 10 However, the wire is not limted b¥ or to a_nichrone
wire, but may bePREWides anySef.substrpte shawncinvEIG. 8D. pmterial such

as a tantalumuire, as |ond.fs Li-Lg Dhflasnent, hTniSRLoRSShELE"SE BR

wire is wound around the substrate to generate a heat.

10 However, the wire is not limited by or to a nichrome
wire, but may be made of any electrically conductive
material such as a tantalum wire, as long as it is high
in heat resistance and large in resistivity. Also, in
the first embodiment, an a.c. power source is used as a

18 power source, but a d.c. power source may be used
instead. According to the first embodiment, since the
extremely simple structure consisting of a nichrome
wire and a power source enables the separation of the
substrate, the production cost can be made low.

20 { Second Embodiment)

The second embodiment is directed to a mode of
producing an SOI substrate in which, in order that an
article ATL is separated into an Si wafer to be reused
and a substrate which will finally form an SOI

25 substrate at a porous Si layer, the thermal expansion

of a wire is utilized. For that reason, a wire

obtained by coating an electrically conductive wire



the first enbodi nent, an a.c. power source is used as a 15 power source,

but a d.c. power source nmay be used I nstead. According to the first
enbodi ment, since the extrenely sinple structure consisting of a

ni chr ome wire and a power source-effbtes the separation of the
substrate, the production cost can be nmade |low. 20 (Second Enbodi nent)
The second enbodinent is directed to a node of produci ng an SO
substrate in which, in order that an article ATL is separated into

20, S pueter 10 PGstR'gcFastn 100018 SHOMAR! SRUILEON! LhohRaLLYL  26m 20

Sa 25 substra € at~a porous expansi on

awire is utilizgdyy, &Oérama £RES8EDsErdts® and a caméheeﬁsbmaag?fcggg_an

electrically conductlve W

with a resin Iargfownlﬁbgreﬁé @gﬁ@@§t903095£é|C|ent S wound ar ound
the substrate, and a current is nade to flowinto the conductive

Wire. FI GBIGS A gmdandd 9B cavé cvbews O¥hOWing S&PEEPa&TABIing 5
process according to this enbodi ment, in which ref erence nuneral 13
denotes a vére sprdcessaaccaobhdimg to thishembodimente twawkickhi th a plastic
14 of a | arge heat resi stance. Qther reference nunbers denotes the
same menteeference i hauerdl h13 cdenotes & ﬁB‘e 1sucindag B2 Thehrdme
separation of the article ATL is nade as fol|ows First, the

heating wire 13 kegtiteg wire feated with a P%a%b%%d14n°ﬁ apha¥oe rkeets) SPC

bet ween two substrates as chanfered on a side surface thereof. Then,
a resistance. Other reference numbers denotes the same

members described with regard to FIGS. 1A and 1B. The
10 separation of the article ATL is made as follows:
First, the heating wire 13 coated with plastic
is wound in a space (recess) SPC between two substrates
as chamfered on a side surface thereof. Then, a
current is allowed to flow into the heating wire 13
i5 from an a.c. power source 11 to thermallj expand the
plastic 14, thereby separating the nonporous Si layer 2
to be reused in a succeeding process of producing
another SOI substrate from the parts 4, 7 and 6 which
form an SOI substrate with the boundary of the porous
20 Si layer 3. The subsequent steps are identical to
those described for the first embodiment. In this
embodiment, a heating wire coated with plastic is used
as the wire, however, a wire made of a metal having a
large thermal expansion coefficient such as brass may
25 be as such used therefor.
(Third Embodiment)

The third embodiment is directed toc a mode of



current is allowed to flowinto the heating wire 13 15 froman a.c.
power source 11 to thermally expand the pl astic 14, thereby
separating the nonporous Si |ayer 2 to be reused in a succeeding
process of producing anot her SO 28ubstrate fromthe parts 4, 7 and 6
whi ch forman SO substrate with the boundary of the porous 20

Si layer 3. The subsequent steps are identical to t hose descri bed
for the first enbodinment. In this enbodi ment, a heating wire coated

wi th plastic 'ErBaﬁgin?han sPT LhBs\irhte B8 ??ﬁgEh a;yl Bﬁdgﬁd%hgg An ”EtaES

havi ng a 'arge thermal expansion coefficlent such as brass nay

be as such usedrihengl ar: is sepa&gﬁbadiﬁﬁgoghﬁﬁﬁt%afer to be reusefle
third enbodinment is directed to a node of

- 25 - ~ andPeadgoIngubBtieitesalshr pbeous Bhii thyelr) ar deiret Rabtan
article ATL is separated into an Si wafer to be reused and an SO
substrate at afpemeua Bimezpdr isausede thbn, the wioendsahkatetaltoi s used.
Then, the wire is heated to 5 be thermally deforned to conduct the
separ ati of of beethermallyufiefpzmed to conduct the BepSratdanand tbB are a

perspective view of a substrate show ng a separating process of the
third epybetra®e: and a cross-sectional view of the 10 substrate,
respectively. In the fi ures ref erence nuneral, 35 denotes a wire

that forms a binetal; 5665 10A ands&BBoPFeb§rPﬁﬁﬁPegﬁﬁHGrF§eWh8benetaI

7, r
350 37, @ brasg petrate showing a separating process of the third

embodiment, and a cross-sectional view of the
10 substrate, respectively. In the figures, reference
numeral 35 denotes a wire that forms a bimetal; 36, a
support bar that supports the bimetal 35; 37, a brass
that forms a Eimetal 35 and is large in thermal
expansion coefficient; and 38, an invar that forms the
15 bimetal 35 and is small in thermal expansion
coefficient. FIG. 11A shows the shape of the bimetal
35 at a room temperature, and FIG. 11B shows the shape
of the bimetal 35 when heated. When heated, the
bimetal 35 is warped as shown in FIG. 11B because the
20 brass 37 larger in thermal expansion coefficient will
expand more than the invar 38 smaller in thermal
expansion coefficient.
The bimetal 35 is supported by the support bar
36 at room temperature as shown in FIG. 10A and then
25 inserted into a space SPC'formed between the chamfered
Si wafer 2 and the chamfered Si wafer 6. Then, the

bimetal 35 is heated. The heating may be effected by



that forns a binetal 35 and is large in thernal expansi on
coefficient; and 38, an invar that fornms the 15 bimetal 35 and is smal
in thermal expansion coefficient. FIG 11A shows the shape of the

bi net al 35 at a room tenperature28amd FIG 11B shows the shape

of the binmetal 35 when heated. Wen heated, the bimetal 35 is warped
as showmn in FIG 11B because the 20 brass 37 larger in thermal expansion
coefficient will expand nore than the invar 38 smaller in thernal

expansi on Coer@ﬂgfﬁyﬁﬁg the atmoggherizh%egb %hr§5okf5?”%%%ﬁgﬁgapy the

support bar roomtenperatare as shown in then 25

inserted into aushast $Mew AnARr til WaRRte 36N aMeiRth the supposdi er 2 and

the chanfered Si wafer 6. Then, the bimetal 357is heated. The heating
may be effectethaky36 to attain the Joule heating. The hed® permits

el evating the atnospheric tenperature or by nmaking a current flow
into the binetahe3bimetalgl3s5t Fdatupoirioom tempelratule s . ahiownn imhe Joul e
heati ng. The heat permts the binetal 35 flat at roomtenperature as
shown in 55 FEGG 11AAtioo bee waapedd ass shiognn inn FEGE 11BB. A&s aa

result, a force is exerted on the Si wafer 2 and the Si wafer 6 in
opposi t e di r ecriestd tso aaforgepd spexeriedr on the Sif wgferhd gndetthie $5. I n
ot her words, as seen fromthe cross-sectional view of FIG 0B, the

Si wafer 2 10WafPEci J8s ORPOSIEE GRFECEFIPPSSChESHtRePR P95° R3Tthe Si
vel B 100 VSheh, MRS, 9 LR eD! Bk, S3s seen £:h TSI T

cross-sectional view of FIG. 10B, the Si wafer 2

10 receives a force upward from the bimetal 35, and the Si
wafer 6 receives a force downward from the bimetal 35.
As a result, a crack occurs in the porous Si layer 3
having the weakest bonding force between the Si wafer 2
and the Si wafer 6, thereby separating the substrate 2

15 to be reused from the substrate 4, 6 and 7 which forms
an SOl substrate.
{ Fourth Embodiment)

The fourth embodiment is directed to a mode of

producing an SOI substrate in which, in order that an

20 article ATL is separated into an Si wafer to be reused
and an SOI substrate at a porous Si layer, a wire made
of a shape-memory alloy is used. Then, the wire made
of a shape-memory alloy is cooled to be contracted to
conduct the separation of the substrate.

25 FIGS. 12A and 12B are views showing a
separating process of the fourth embodiment, in which

FIG. 12A is a perspective view of the substrate, and



havi ng the weakest bonding force between the Si wafer 2 and the S
waf er 6, thereby separating the substrate 2 15 to be reused fromthe
substrate 4, 6 and 7 which forns ﬁgz SO substrate. (Fourth
Embodi ment) The fourth emdbdinment is directed to a node of
produci ng an SO substrate in which, in order that an 20 article ATL is
separated into an Si wafer to be reused and an SO substrate at a
porous Si layer, a wire nade of a shape-nenory alloy is used. Then,

the wire mde prg, 128 fssé‘ao%‘oé@l%dtféﬁé’i/ ¥ fer WF 6thd %v.hﬁsﬁ%‘ééaﬁ ed to
conduct the separation of the substrate. FI'GS. 12A and 12B

are views show fgspectivelpeparmt iy ﬂ{gl@ﬁ@é?, Ofefd¥erdr! iMlinerdo@grent , in
whi ch FIG 12A is a perspective view of the substrate, and

- 27 - dendtées 12 HBrire anade Sof S CTi -l aViayy wiidhnel s ud sehiappes
respectively. In the figures, reference nuneral 39 denotes a wire
made of a Ti- Nmemdwy akblay. i SAhterngpeively, thesnorey may dye axothemti vel y,
the wire may be anot her 5 shape-nmenory all oy such as a Cu-Zn-Al all oy.
FIG 13A 5 shapgwenery ROy isuth Ik ra @Q-Zmehn,l oallcne. s Hale- riedor y
all oy at roomtenperature, and FIG 13B shoms the s of the
shape- menory al $RRWS, the Fhape 9f i he g5l %Rl 39 1ade °f tfﬁlfﬁ?@%‘fﬂﬁ'&"%}rl oy

N HG 12A1s9 Mtéﬂer%‘ "erngi e A i BLENE (HE AR od

S wafer 2 of the shape-memory alloy wire 39 which is cooled. The

shape~-memory alloy wire 39 supported by the support bar

10 36 at room temperature as shown in FIG. 12A is inserted
into a recess formed between the chamfered Si wafer 2
and the chamfered Si wafer 6 as shown in FIG. 12B.
Then, the shape-memory alloy wire 39 is cooled. The
cooling may be conducted by lowering the atmospheric

15 temperature or by the Peltier cooling using metals of
different thermoelectromotive forces for the support
bar 36, etc. The cooling permits the shape-memory
alloy wire 39 flat as shown in FIG. 13A to come to a
waved shape as shown in FIG. 13B. As a result, a force

20 is exerted on the Si wafer 2 and the Si wafer 6 in
opposite diredtions so0 as to more apart from the shape-
memory alloy wire 39. In other words, when viewed by
the cross-sectional view of FIG. 12B, the Si wafer 2
receives a force upward from the shape-memory alloy

25 wire 39, and the Si wafer 6 receives a force downward
from the shape-memory alloy wire 39. As a result, a

crack occurs in the porous Si layer 3 with the weakest



and the chanfered Si wafer 6 as shown in FIG 12B. Then, the
shape-nenory alloy wire 39 is cool ed. The cooling may be conducted
by |l owering the atnospheric 15 tenperature or by the Peltier cooling

usi ng netal s of di fferent thermo@Bectronotive forces for the support
bar 36, etc. The cooling permts the shape-nenory alloy wire 39 flat
as showmn in FIG 13A to cone to a waved shape as shown in FIG 13B.
As a result, a force 20 is exerted on the Si wafer 2 and the Si wafer 6

i n 0PPOSI sty SHaNBothcdn tRoTaLC ARSE! of 6 LR SHMATer

menory al |l oy er Wor when vi ewed

Cross-sectionalg vigw, f#g%% l%]%inbh%hél siBErate z to bteeeéu\.eea Frbar ce

upward fron1the ‘shape- wre 39, and the Si wafer 6
receives a for Ct%ed%%‘é%&%te 4, 6 tahamﬂ ke ichaFeorfenany solll eybsitratal. As a

result, a crack occurs in the porous Si |layer 3 with the weakest

- 28 - (g Bgbodimenktot ween the Si wafer 2 and-the Si wafer

6, thereby separating the substrate 2 to be reused from t he substrate
4, 6 and & whi ch forns The Fdfthukesbodiment is diEectedEfood mede) ofs

The fifth enbodinment is directed to a node of produci ng_an SO
substrate in wpirodudimgo age SOIhsubstrate ingwhighe AN ordege & into an
Si wafer to be reused and an SO_ substrate at a porou | a , a
Lorentz's arftdicde @%ﬁrﬁ@dS@WaﬁaWPﬂeiﬂﬁﬁhénaﬁﬁuﬁﬁfﬁﬁet§U§ §P€¥§é 10

utilized. Then, the wire that recelves t he Lor%nti fo
separation for @& @n 8Os gybstxpte at a porous ayer, a Loren

force exerted on a wire wound around the substrate is

e.gives a

10 utilized. Then, the wire that receives the Lorentz's

force gives a separation force to the substrate.
FIGS. 14A and 14B are views showing a

separating process of the fifth embodiment, in which
FIG. 14A is a perspective view of the substrate, and

15 FIG. 14B is a cross¥sectional view of the substrate,
respectively. In the figures, reference numerals 40
and 41 denote electromagnets that generate static
magnetic field and 42 is a conductor that receives the
Lorentz's force from the static magnetic field which is

20 a wire of the present invention. Reference numeral 43
denotes lines of.magnetic force representing the static
magnetic field generated by the electromagnets 40 and
41. 1In this example, it is desirable that the
electromagnets 40 and 41 are superconductive

25 electromagnets that give a strong magnetic field. The
conductor 42 is wound around the bonded substrate at

least one round so that it is inserted into a space



FI GS. 14A and 14B are views show ng a separating process of the
fifth enbodi nent, in which FIG 14A is a perspective view of the
substrate, and 15 FIG 14B is a crosahsectional view of the substrate,

respectively. In the figures, referenCe“funerals 40 and 41 denote

el ectromagnets that generate static magnetic field and 42 is a

conductor that receives the Lorentz's force fromthe static magnetic

field which is 20 a wre of the present invention. Reference nuneral

43 denotelsmela B QEeEaQRQtFi REee QGQBQSQBE'QQ hﬁ?e%tﬁtbg _
magnetic field generateg by the electromagnets 40 and . In this

example, it i ss%%r ah %xbhatmbhe Then, afl @litedHaginigs c‘ﬂlQr&ﬂfi 4% are

super conducti ve el ectromagnet s { hat give a strong nagnetic field.

The Con%gabp%04%1b&-wa&adtﬁeouaadhhaohomde@ysahsanaLepawer

| east one round so that it is inserted into a space

- 29 - sougiceed 1hewheesebyhehsi boatled Bubstralve Secedfes 6 as

shown in FIG 14B. Then, an alternating current is made to flow into

t he condust or &arbptaﬂsafbrchWBat vibragesr yerticalfyr éye the thénded

substrate receives 5 Lorentz's force that vibrates vertically due to

t he st at is¢arkdgn aEgnetis éiﬁérd é§:v@§wé’d-%wﬁdt H& Hhes§Toss- ° gecti onal

view of FIG 14B. In other wor ds d in_the cross-sectiona

view of FIG 1&9019@4?@3511 view °fvv§fI€‘r' 214|Bece|1\‘/"e§ F”(?é'dﬁ" F‘&nf romt he

conduetor 42, Jiawea 3N thd® oPosh?sebtlonal® gk %ff gice dHaEd o the

wafer 2 receives a force upward from the conductor 42,

10 and the Si wafer 6 receives a force downward from the
conductor 42. As a result, a crack occurs in the
porous Si layer 3 which is weakest in bonding force
between the Si wafer 2 and the Si wafer 6, thereby
separating the substrate 2 to be reused from the

15 substrate 4, 6 and 7 which form an SOI substrate. In
this embodiment, it is possible that an alternating
current is supplied to the electromagnets 40 and 41,
and a direct current is supplied to the conductor 42 to
vibrate the conductor 42.

20 (Sixth Embodiment)

The sixth embodiment is directed to a mode of
producing an SOI substrate in which, in order that an
article ATC is separated into an Si wafer to be reused
and an SOI substrate at a porous Si layer, a Lorentz's

25 force exerted on a conductor wound around a substrate
is utilized. Then, the conductor that receives the

Lorentz's force gives a separation force to the



conductor 42. As a result, a crack occurs in the porous Si |ayer 3

whi ch is weakest in bonding force between the Si wafer 2 and the S
waf er 6, thereby separating the substrate 2 to be reused fromthe 15
substrate 4, 6 and 7 which forman SO- SMbstrate. In this
enbodinment, it is possible that an alternating current is supplied
to the el ectronmagnets 40 and 41, and a direct current is supplied to
t he conductor 42 to vi brate the conductor 42. 20 (Sixth

Enbodi ment) The sixth enbodinment is directed to a node of
produci ng an SEYREFAYte in which, in order that an article ATCis

separated into an Si vvaff stq% a{nedjsj.% are %&yoﬁvﬁg&l%bstrate at a

porous Si |ayer, a Loren f'orce exer ctor wound

around a substiQifyrating grodédd IFE%hne! MEtr @uﬁaﬁ'ﬂ:&{-@r i qnigeei ves

t he Lorent'z's force gives a separation force to

- 30 - FIGURSA als .a perspective vidi GF tHe éifbhﬁzga%eir &l ews
showi ng a separating process of the sixth enbodi nent, in which

FIG 15A iss a pIGPEEB viss \d rdifs-Idestadi ]l atitaw 8l thed suﬁ‘shﬁ:athﬁB is a
cross-sectional view of the substrate, respectively. In the figures,
ref erence nuner@spbttively. ddwittdse £igurds,t heEfeneps traumdralSiddnaf er 6
and al so supports a conductor 46 that constitutes an

el ect r omagnet ; deBotes entahucikithalf suppartisd heiSiqavafeyr 6 andhtalso
constitutes the el ectromagnet; 47, |ines of

supports a conductor 46 that constitutes an
electromagnet; 45, a center axis of the conductor 46

10 that constitutes the electromagnet; 47, lines of
magnetic forée of a static magnetic field developed by
the electromagnet 46; and 42 is a conductor that
receives the Lorentz's force from the static magnetic
field which is a wire of the present invention.

15 Reference nﬁmeral 48 denctes a d.c. power source that
allows a current to flow into the electromagnet, and 49
is a d.c. power source that“allows a current to flow
into the conductor 42. The conductor 46 constituting
the electromagnet is wound on the Si wafer 6 through

20 the chuck 44 with the center axis 45 as a center. It
is desirable that the center axis 45 is conductive to
strengthen the static magnetic field 47. A direct
current is made to flow from the d.c. power source 48
as shown in FIGS. 15A and 15B, thereby developing the

25 static magnetic field 47 such that the Si wafer 2 side
is N, and the chuck 44 side is S. The conductor 42 is

wound around the bonded substrate at least one round so



magnetic force of a static magnetic field devel oped by t he

el ectromagnet 46; and 42 is a conductor that receives the Lorentz's
force fromthe static magnetic field which is a wire of the present
i nvention. 15 Ref erence nurmeral 48 dendtes a d.c. power source that
allows a current to flowinto the el ectromagnet, and 49 Is a d.c.
power source that allows a current to flow i nto the conductor 42.
The conductor 46 constituting the el ectromagnet is wound on the S

wafer 6 through . t .
It is destrabl e t%t%ent erééa]txélrsbpp s&%:on ucskfl ve atl?grgie
strengthen the SiR¢d£ JBHRLlKe fgflvpaggr Al fdun _in FI@UI’i’gﬁ]t n%‘énade to

flow fromthe d.c. power source 48 as s in FIGS. 15A a 15B

t hereby devel opidiifentbis medalés fMMahetito fﬁlfé bdhdddtdt t4mtpy ReheSi

wafer 2 side is N, and the chuck 44 side is S. The conductor 42 is

wound around t hei eondesiveut bsdurfiies 44 dLasiowineld RIBE SASA- and 15B. As
- 31 - that it is inserted into a space fornmed between the S

waf er 2 andst he biresmilktr, ctles cdmeiuctor MG reddiveheirom the statiigrent i s
made to flow into the conductor 42 by the d.c. power source 49 as
shown in FIGS. hagretic5Heldlt 47 Suchn a daatantz s fmrahiasrtolJirera ves
fromthe static magnetic field 47 such a Lorentz's force as to give

a force ifiPreeliined idrestinnohpesiingofy Whe &1 xvafeym2 from the

Si wafer 6. In other_ words, en viewed in the Cross-sectional view
of FIG 15B, t h&he %fn@rfez: . In other words, when viewed in the

cross-sectional view of FIG. 15B, the Si wafer 2

10 receives a force upward from the conductor 42, and the
Si wafer 6 is fixed by chuck 44. As a result, a crack
occurs in the porous Si layer 3 which is weakest in
bonding force between the Si wafer 2 and the Si wafer
6, thereby seﬁarating the substrate 2 to be reused from

15 the substrate 4, 6 and 7 which form an SOI substrate.
(Seventh Embodiment)

The seventh embodiment is directed to a mode of
producing an SOI substrate in which, in order that an
article ATC is separated into an Si wafer to be reused

20 and an SOI substrate at a porous Si layer, a Lorentz's
force exerted on a conductor wound around a substrate
is utilized. Then, the conductor that receives the
Lorentz's force gives a separation force to the
substrate as is the case with the sixth embodiment.

25 FIGS. 16A and 16B are views showing a
separating process of the seventh embodiment, in which

FIG. 16A is a perspective view of the substrate, and



10 receives a force upward fromthe conductor 42, and the Si

wafer 6 is fixed by chuck 44. As a result, a crack occurs in the
porous Si layer 3 which is weakest in bondi ng force between the S
wafer 2 and the Si wafer 6, thered¥ separating the substrate 2 to be
reused from 15 the substrate 4, 6 and 7 which forman SO substrate.
(Sevent h Enbodi nent) The seventh enbodinent is directed to a
node of produci ng an SO substrate in which, in order that an

i cl Ci d Si b d SO
e Aoy S BEPSLERE ROt od B AP PP P Sthe “hne B0EE |
conduct or mundﬂgélg)é@gi@e%gbst#&t& j(‘:%uréé %éféfé?&’cemﬁﬂe fe‘yfonductor

that receives t ren ves a separati on ?OI’CG to the

substrate as i Sdéﬁ@té@% &ﬁﬁ&tﬂ%é'éﬁﬂb@f@%ﬂ@rﬁx wéfer 6 and alsd! GS.

16A and 16B are views showi ng a Separating process of the seventh

enbodi nent, in Mppdrts the Rkéadudkort 4 ﬂﬁsnﬁs‘dgw&ww@i the substrate,
and 32 FIG 16Bis a

Cr 0ss- sectg onaleMectraiiagriet SUAB) rateenter axisg aspethe dnydudtod hee i gur es,
ref erence nuneral 44 denotes a chuck that supports the Si wafer 6
and al so tap poonstl teten nthe taledifcdimgneton A7 t kit 5

el ectromagnet; 45, a center axis of the conductor 46 t hat
constitutes t henagreem@m oflA stakic glagnetic figbtdevelnred diy a

static magnetic field devel oped QZ the el ectromagnet 46; and 42 and
51, conductors @qQﬂelectromagnet 6; and 42 and 51, conductors that

receive the Lorentz's force from the static magnetic

10 field which are wires of the present invention.
Reference numeral 48 denotes a d.c. power source that
allows a current to flow into the electromagnet, and 49
and 52 are d.c. power sources that allow a current to
flow into the conductors 42 and 51, respectively. The

15 conductor 46 is wound on the Si wafer 6 through the
chuck 44 with the center axis 45 as a center. It is
desirable that the center axis 45 is conductive to
strengthen thé static magnetic field 47. A direct
current is made to flow from the d.c. power source 48

20 as shown in FIGS. 16A and 16B, thereby developing the
static magnetic field 47 such that the Si wafer 2 side
is N, and the chuck 44 side is S. The conductor 42 is
wound around the bonded substrate at least one round so
that it is inserted into a space formed between the Si

25 wafer 2 and the Si wafer 6 as shown in FIG. 16B.
Further, the conductor 51 is wound around the bonded

substrate at least one round so that it is inserted



receive the Lorentz's force fromthe static magnetic 10 field which are

wires of the present invention. Ref erence nuneral 48 denotes a d.c.
power source that allows a current_to flowinto the el ectromagnet,
and 49 and 52 are d.c. power soure®s"that allow a current to
flowinto the conductors 42 and 51, respectively. The 15 conductor 46 is
wound on the Si mafer 6 through the chuck 44 with the center axis 45
as a center. desirabl e that the center axis 45 is conductive
to stre t L r urrent
I's made to fl oﬁ%%t%ﬁé%é&é\/\%r sou%%xfé %Q %’o W&gf %ﬁéor\l/\% T'l?\e Fﬁ%S 16A

and 168, there%ﬁ@f%%n&ﬁm in FIG, Si@#icC 'fma\etd:@rfé@w drfe Shikdie t hat
the Si wafer 2 side N, and the chuck 44 side is S. The conduct or

42 is WORH Of Bdep et d haxé)oﬁ&mhéttbﬁé res carid SEaHN MFedOlbts SO

that it is inserted into a space fornmed between the Si 25 wafer 2 and
the Si wafer 6 GSpsdive td dach deier by théudiderpowdre supplibdorddl is
wound around the bonded substrate at | east one round so that it is
inserted 5 and 52 as shown in FIGS. 16A and 336B. As a resulto thepace
formed between the Si wafer 2 and the Si wafer 6 as shown in FIG
16B. Then, cur regordugker nddicreceives lprentz | sitfoxer fooridrstapiand 51

in directions opposite to each other by the d.c. power sugPlles 49
5 and 52 as JWREREHIC Fiield B ke 2 feree rje%uﬁ“f‘-"h thhedirectio

conductor 42 receives Lo ce fromith [ netic field
47 to give a fcﬁ%e?rp%%i; d#sl? c% Fel"2 g ?ia"epe%’r RfeX i si wafer 2
fromthe Si \Mﬁiisés

’

the conductor 51 receives Lorentz's force from

10 the static magnetic field 47 to give a force in such a
direction to peel off the Si wafer 6 from the Si wafer
2. In other words, when viewed in the cross-sectional
view of FIG. 16B, the Si wafer 2 receives a force
upward from the conductor 42, and the Si wafer 6

15 receives a force downward from the conductor 42. As a
result, a crack occurs in the porous Si layer 3 having
the weakest bonding force between the Si wafer 2 and
the Si wafer 6, thereby separating the substrate 2 to
be reused from the éubstrate 4, 6 and 7 which forms an

20 SOI substrate.
{Eighth Embodiment)

The eighth embodiment is directed to a mode of
producing an SOI substrate in which, in order that an
article ATC is separated into an Si wafer to be reused

25 and an SOI subétrate at a porous $i layer, a wire wound
around a substrate is merely tightened up to give a

separation force to the substrate. As occasion



Al so, the conductor 51 receives Lorentz's force from 10 the static
magnetic field 47 to give a force in such a direction to peel off
the Si wafer 6 fromthe Si wafer 2. In other words, when viewed in
t he cross-sectional view of FIG 3B the Si wafer 2 receives a
force upward fromthe conductor 42, and the Si wafer 6 15
receives a force downward fromthe conductor 42. As a result, a
crack occurs in the porous Si |ayer 3 having t he weakest bondi ng

force between tﬂ? ' f agg | f ' r ggaﬁgating
t he substrate oﬁﬁmg\ﬁa1 a{%éﬂreusnéa&’ fbr%r#e{}:ﬁ:ee%su tsﬁ“{aqulyzé!{% ag% I ch
forms an 20 SO ylsifate. (Ei ght h Enbodi nent) The
ei ght h enbodi nment ?s 5?%ected to a node of produci ng an SO substrate

in which, in order thatrass. 17a @d iCHE HE e ALY iaito an Si waf er
to be reused 25 and an SO substrate at a porous Si layer, a wire wound

around a subst rsdparstify gnodesghtcehethel pight \@nkibdiment Sapandiiacm force
to the substrate. As occasion - 34 -
demands, t3he WEREEh7Helshentperdpecstipm wiky of wheergsubstrate t ardie wire.
FIGS. 17A and 17B are views show ng a separating process of the

ei ght h enbodi mFEG. i ¥Whhisle c®ss-sgagionsl iwleyw mf sfhectsubstnate,of the
substrate, and FIG 17B is a cross-sectional view of the substrate,
respectively. |TeSRARCHIR®s, Tefde flgunafr fefgrence numeral 50

denotes a wire that is thin but difficult to cut off,
which is inserted into a space formed between the Si

10 wafer 2 and the Si wafer 6 and then wounded. The
references indicating the same parts as those described
in the above represent the identical parts. As shown
in FIGS. 17A and 17B, the wire 50 is wound around the
bonded substrate and then tightened up in the

15 directions indicated by arrows, as a result of which a
crack occurs in the porous Si layer 3 which is weakest
in bonding force between the Si wafer 2 and the Si
wafer 6. In this example, it is more preferable that a
current is made to flow into the wire 50 so that the

20 wire 50 is heated. As a result, the substrate 2 to be
reused can be separated from the substrate 4, 6 and 7
which form an SOI substrate.
(Ninth Embodiment)

The ninth embodiment is directed to a mode of

25 producing a solar cell. FIGS. 18A to 18C are views

showing processes conducted until a photoelectric

conversion layer that converts a light into electricity



denotes a wire that is thin but difficult to cut off, which is

i nserted into a space forned between the Si 10 wafer 2 and the Si wafer
6 and then wounded. The referen&gs i ndicating the same parts as

t hose descri bed in the above ré&pr&sént the identical parts. As shown
in FIGS. 17A and 17B, the wire 50 i s wound around the bonded
substrate and then tightened up in the 15 directions indicated by
arrows, as a result of which a crack occurs in the porous Si |ayer 3

whi ch i s weakegt, forme]d.' N PR NG %B%nb@h"‘@@;% tRgaS avp-tiypé &1d the Si

wafer 6. In this éxanple, it is nore preferable that a current is

made to flow igiGdhg Wi %:%%a&‘édt haidt Be su2Faceliore thie isi hafierdl iAs a
result, the substrate 2 to0 reused can be separated fromthe

substrate 4, 6 nidd porous tﬂM@m@h'Ehbﬁbﬁmesehdﬂﬂzﬁmmwmeprocess aeNi nt h
Enbodi ment) The ninth enbodinment is directed to a node of
25  produci ng destlidedceiiith refédent@Atoo FISC &.e Wsews result, afow ng
processes conducted until a photoelectric conversion | ayer that
converts & I|ghhqwn(inﬂniaeraﬁbythere can be provided a substrate - 35

Is formed. First, as shown in FIG 18A, a p-t waf er
1is prepar ed, h@ving auporeusfi Aayer Raflr & q‘%‘9°r°“s é'aé’@tro&’s t hr ough

the same anodi zati on process as escri bed reference t FIG. 3.
As a result, aFhen, asgEhgyn r‘f-nFIFéG'lé'%C'tﬁé’r§ “Bﬁlptsdvfi@g % Ytrate

" E G 180 arore B EhotgeleRiaty pepverdion flyet 18 is £Ebiha i 51w
the porous Si layer 3 through the method such as
10 molecular beam epitaxial growth, plasma CVD, low
pressure CVD, photo CVD, bias sputtering, liquid phase
growth, or the like.
FIGS. 19 and 20 are perspective views showing a
separating process according to a ninth embodiment of
15 the present invention. FIGS. 21A and 21B are a
perspective view of a final product solar cell and a
cross-sectional view taken along a line 21B-21B of FIG.
21A. In those figures, reference numeral 16 denotes a
rear-surface metal electrode; 17, a plastic substrate;
20 18, a photoelectric conversion layer; 19, a front-
surface metal electrode; 20, a protective film; and 24,
wirings. The same parts as those already described are
indicated by the identical references.
When the photoelectric conversion layer 18 is
25 formed in this embodiment, in order that a pn junction
is formed as shown in FIG. 21B, an n' layer 23, a p

layer 22 and a p* layer 21 are formed in this order from



forms a photoel ectric conversion layer 18 is forned on the porous S
| ayer 3 through the nethod such as 10 nol ecul ar beam epi taxi al grow h,

pl asma CVD, | ow pressure CVD, phg%o CVD, bias sputtering, liquid
phase growh, or the Ilike. - FIGS. 19 and 20 are
perspective views show ng a separating process according to a ninth
enbodi ment of 15 the present invention. FIGS. 21A and 21B are a
perspch|ve YieM/of a final product solar cell and a cross-secti onal
vi ew taken al o B f 2 i S,

ref erence nune?gﬁ ?%bﬁgﬁgﬁegaiﬁnﬁ tﬁb@?géf?“&?%a§§°ﬁgpaﬁ egFrggge 17, a
plastic substrgge, #fen, 48 sRORROUACFEELI 10, CeRecphiovbelarericl9, a
front- surface mefal el ectrode; 20, a protectlve film and 24,
wirings. The sapRvBakisndlaylesasalisebdndadstoi he aear-surfacenme¢aﬂed by
t he identical references. When t he photoel ectric conversion
| ayer 18 is 2blectirofieedsi whilchs isnmcddisedyt adheredddo tthet pdasticuncti on

is formed as shown in FIG 21B, an n[err] layer 23, a p Iayer 22 and
a p[err] Bayer sibs&reteodfed iIn this stasde.f the p* layer 21 as t
the downward during the epltaX|aI growt h stg FI G

18C Then as oubemmostrsgriage ﬂﬁebﬁﬁﬁgéﬁ ntact u n layer 18
is bonded to the rear-surface netal ctrode mhlch |s cl osel
adhered to t herppEssugfage me§&&sﬁ#&?§r??e ¥ n t%%? Trt e 6¥“$g§e¥ 21
as the

Og%%rcgositz ?{%r %%%g&l% l:J)‘rnmé:Q.ose rclwtocr)rt:ac:Q:t %ﬁt‘thwtth% tol?lel:s:i.de

of the nonporous Si layer 2. Then, in the same manner
10 as in the first embodiment, a nichrome wire 10 is wound
so that it fills up a space formed between the side
surfaces of the Si wafer 2 and the rear-surface metal
electrode 16, and a current is made to flow into the
nichrome wire 10 from an a.c. power source 1ll. As a
15 result, a heat is partially given to the porous Si
layer 3, thereby separating the substrate 18, 16 and 17
which finally form a solar cell from the Si wafer to be
reused in another production process at the porous Si
layer 3. This separating process was described as a
20 proceés of giving a heat using a nichrome wire as with
the first embodiment, however any mode of the second to
eighth embodiments may be used.
Thereafter, as shown in FIG. 21A, a front-
surface metal electrode 19 is formed on a front surface
25 of the photoelectric conversion layer 18. Then, the
wirings 24 are connected to the front-surface metal

electrode 19 and to the rear-surface metal electrode



rear-surface netal el ectrode 16. Thereafter, a vacuum chuck 12 is

brought in close contact with the outside of the nonporous Si | ayer

2. Then, in the sane nmanner 10 as in the first enbodi nent, a nichrone
wire 10 i s wound so that it firl$7 up a space forned betmeen t he side
surfaces of the Si wafer 2 and the rear-surface netal el ectrode 16,
and a current is nade to flow into the nichrome wire 10 from an a.c.
power source 11. As a 15 result, a heat is partially given to the

R Ro(nla stﬁ PGB %%p?%ghgngot?er%gg&%ﬁabﬁ Hhe FroBtS [

which finally cell from reused in
anot her produckie#apeoaRtalaklelerBaecys .S F1G. 218 3%eh 3roklls separating

process was described as a 20 process of giving a heat using a nichrone
wire as Wth sectioh@@ kiest tereadaleny, theweiae 21p-7ode o File second to
ei ght h enbodi nents nmay be used. Thereafter, as shown in FIG

21A, a front- 21Aa. Thnrbho&oe&betr&becbnnéesl&niia&emnéa dis a front
surface 25 of the photoelectric conversion |layer 18. Then, the

W rings 28 ar ecoostdtuded oft ¥hef ndntayer {23 cwivichlis in cortact retith 19 and
to the rear-surface netal el ectrode

37 - the, fmatrﬁyrﬁa@tee@emé e&y@itrgéel 39 oPn®d 18Wernd2f r nb:
surface netal electrode 19. FI.G IS a cros sectional view

taken al ong t héa¥PRe231ER ich dfF ﬁpcpontact W?fﬂ t?ﬁerﬁﬁﬁfﬁgFgéFﬁlc o
conversion | Vgioeh EpotRote Th bt HheCobl. gL bobRiguntagd °f, S, "
plerr] metal electrode 19 is preferably in the form of a mesh
10 that allows the transmission of a light. However, it
may be replaced by a transparent electrode such as an
ITO electrode. Further, since the rear-surface metal
electrode 16 also acts to return a light as not
converted into electricity during passing through the
15 photoelectric'conversion layer 18 to the photoelectric
conversion layer 18 again, it is desirable that the
rear-surface metal electrode 16 is formed of a metal
material with a large reflectance.
This embodiment is excellent in conversion
20 efficiency, lifetime, production cost, or the like
because several single crystal thin film solar Eells
can be formed from one Si wafer. Also, since a local
heat application is used to cause a strain in the
crystal of the porous Si layer to thereby attain
25 separation of the substrate, no strong pulling force is
required. For that reason, since any strong adhesion

between a substrate and a jig or the like is not



| ayer 21 which is in contact with the rear-surface met al el ectrode
16 fromthe top. The front-surface netal electrode 19 is preferably
in the formof a mesh 10 that allows,fhe transm ssion of a |ight.
However, it may be repl aced by a3 ansparent el ectrode such as an

| TO el ectrode. Further, since the rear-surface netal el ectrode 16

al so acts to return a |ight as not converted into electricity during
passi ng through the 15 phot oel ectric conversion |ayer 18 to the

phot oel ectric S§NV. L O 48 i gesitebhseidat the
rear-surface neté? electro eél +§H d?nedﬁ%qééF?méiﬁé Sb natef?gl wth a
| arge refl ect ancgst Thi s enbodi ment is excellent in

conversion 20 e?ficiency, |ifetime, production cost, or the like
because sever al (‘Bamgh cERBYEimént i n fil msolar cells can be forned
fromone Si wafer. Also, since a |ocal heat application is used to
cause a strain in the The temtlysembbodimernne jmrdirsected ayera twoddarfby

attain 25 separation of the substrate, no strong pulling force is
requi red. For tpeeducinme stlre ceil sasohg thihezass with thetndabh a
substrate and a jig or the like is no

- 38 - embediment. I stmm rﬁemb%dJémM cWite i PhOFRRRITTHE
cost . (Tenth Enbodlnent he, t ent h. embodi nent is
directed to a rERRVefsion aiﬁi"%d’cl%l?@"&‘sjo‘l‘aﬁr‘ni% 11859 LiBecl®ase with the

ninth comprised of an epitaxial Si layer formed on the porous

Si layer 3. However, in the tenth embodiment, an

10 porous Si layer with a small porosity is as such
employed for the photoelectric conversion layer 18. It
was explained with reference to the first embodiment
that changing the current density during the
anodization step changes the porosity of a porous Si

15 layer. In other words, it was explained that as the
current density of a current that flows from the
electrode 28 to the electrode 29 is made large during
the anodization step described with reference to FIG.
3, the porosify of the porous Si layer formed on the Si

20 wafer 1 becomes larger. Using this phenomenon, when
the surface of the p* type Si wafer 1 is made porous, as
shown in FIG. 4, a small current density is adopted to
form a porous Si layer 3a with a small porosity, under
which a porous Si layer 3b with a large porosity is

25 formed on a nonporous Si layer 2. Then, P, As or the
like which forms n-type is ion~-implanted into the

uppermost surface of the porous Si layer 3a of a small



enbodi ment. In the ninth enbodi ment, the photoelectric conver si on

| ayer 18 shown in FIGS. 18 to 21B is ' conprised of an epitaxial S

| ayer forned on the porous Si layer 3. However, in the tenth

enbodi ment, an 10 porous Si |ayer wi 13 & smal | porosity is as such

enpl oyed for the photoelectric conversion |ayer 18. It was expl ai ned
with reference to the first enbodi nent t hat changi ng the current
density during the anodi zati on step changes the porosity of a porous

Si 15 layer .poddkOiyersdiiist tHe Br&UP! i Nty dNada a5 Wed as the

current density of a current that flows fromthe el ectrode 28 to the

el ectrode 29 i HHElL]@A ¢l Wditbrsion Ldgtr AP HAAAP S gh descr i bed
with reference to FIG 3, the porosity of the porous Si |ayer forned

on the Si 20 jumdtionl fimfnse tHergi .of WsIGY 21Bs phenonenon, when

the surface of the p[err] type Si wafer 1 is nade porous, as shown

in FIG 4, a small currihereadefits,y as stdom ech tRIG. 19, the morques @k Si

layer 3a with a small porosity, under whi ch a porous Si |ayer 3b

with a | arfge pdrawsn 8a of Zp smaklowhiCloris tohpor Qs |tdr 2. Then, P,

As or the i ke which forns n-type is ion-inplanted into the

upper nost sur f Rhotgekat s spnvgrsign lagenils, igdiqnded to the

- 39 - orosity, so that the porous Si |ayer,3a is used as the

Shotosl ectric CRAMSIARISECas SARTAPInd G The CUheh G6aRF Whared

therein of FIG, 21B. Thereafter. ..as 3%9 i n. Fl 9, the

porous Si 5 137’%719“?333&”%@ éu%cfﬁﬁ 1© etfl}:% ?%qt(}‘beén saegn&'eér&'t he%h:"1s
embodiment is excellent in conversion efficiency,

10 lifetime, production cost, or the like because several
single crystal thin film solar cells can be formed from
one Si wafer. Also, since no epitaxial growth step is
adopted, the production cost is lower than that of the
eighth embodiment. Further, since the photoelectric

15 conversion layer 18 is formed of a porous Si layer
small in porosity, the single-crystallinity is
maintained. Further, since a light is properly
scattered by the pores, the conversion efficiency is
alsoc enhanced.

20 (Eleventh Embodiment)

The eleventh embodiment is directed to a mode
of producing an area sensor. In this embodiment, a
photoelectric conversion layer of a single crystal thin
film is formed from an Si wafer as is the case with the

25 ninth and the tenth embodiments. Then, a photosensor

is disposed two-dimensionally on the photoelectric

conversion layer and is provided with a matrix wiring.



phot oel ectric conversion |ayer 18 is bonded to the rear-surface

netal electrode 16. The other steps are I dentical with those of the
ei ght h enbodi nent. This enbodi ment. i s excellent in conversion
efficiency, 10 lifetime, producti6n490§t, or the |ike because several
single crystal thin filmsolar cells can be forned from one S
wafer. Al so, since no epitaxial gromh step is adopt ed, the
production cost is lower than that of the ei ght h enbodi nent .

Further, si h ic,.1 i 18 i, S d of
o ous. 51 | ayorns nRLBLWTFURRC o7 dest GRBHCC FoPTepBNBley el BRER O

porous Si |aye _ ! ( the sing rystallinity is
mai ntai ned. FURLRAGHn #12¢Rge hir@Nprb¥iBeaPehkYead of areahbehgdthe the

pores, the conversion effiCiency Is al so enhanced. 20 (El event h
Enbodi nent) front-surfacel hetahewebtikredgeodoneand sodi wertiagst are node
of producing an area sensor. In this enbodinent, a phot oel ectric

conversi on | aygroffidadsingieadr pst arrahging the rearrrsusfacenméthlom an S
wafer as is the case with the 25 ninth and the tenth enbodi nents. Then,
a phot osegsor electrode d6spdsedthewentiodémentnshbynodnt FEEGERoRdAl apdri c
conversion layer and is provided with a matri x wring.
- 40 - 21Bhe fhisi emhodimgnits ige sxgradentoine ORPRESISNch t hat
colum wirings are provided instead of arrangin t he gngn -sur.face
netal el ect r odeffacigngyrokifpitings Breducti np%@??de&d99§? 415¥ 2Fr angi ng
the rear-surface_netal .
a large area and so on because several single crystal
thin film area sensors can be formed from one Si wafer.
10 (Twelfth Embodiment)
First, an Si wafer is prepared as one
substrate.
Then, the Si wafer is located in an ion
implanter so that hydrogen ions or rare gas ions are
15 implanted in the entire surface of the Si wafer so that
they reach a given depth. In this way, a defective
layer is formed inside of the Si wafer due to micro
bubbles.
On the other hand, another Si wafer is prepared
20 as a support substrate, and its surface is oxidized and
is bonded to the surface of the Si wafer having the
defective layer caused by the micro bubbles.
An article thus formed of the bonded wafers is
separated into both the wafers by bring a wire into
25 contact with a side surface of the article in the

vicinity of the defective layer caused by the micro

bubbles and breaking the defective layer through the



5 el ectrode 16, in the enbodi nent shown in FIGS. 21A and 21B. This
enbodi nent is excellent in conversion efficiency, lifetine,

production cost, adoptability of | arge area and so on because
several single crystal thin fllﬁiéﬂea sensors can be fornmed from one
Si wafer. 10 (Twel fth Enbodi nment) First, an Si wafer is
prepared as one substrate. Then, the Si wafer is

| ocated in an ion i npl anter so that hydrogen ions or rare gas ions

are 18 on WUy Wl Fi 456 o U Tn PO

they reach a given this wa ecti Ve [[dyér is

inside of the Jig ﬂ'\’afleia(ﬁiﬁtﬁﬂ“ Q43 and 14Bbu%ae%nd 15B, 16A and On the
ot her hand, another wafer 1s prepared as a support substrate, and
its surface|:53@g(ﬁgqngﬁgil7g and 119. bonded to the surface of the Si wafer
havi ng t he ‘def ecti ve | ayer caused by the m cro bubbl es.

An article thus fornedIof this Wayjedhaafsdhgylies crystal Sdpdageedonntthebot h
the wafers by bring a wire into 25 contact with a side surface of the
article i ® thedefectivg diayery off thiee Sdewacerv whiigherdsc fhecdnley the mcro
bubbl es and breaking the defective | ayer through the

- 41 - subsitgedes ds dransierredcontoathed sigicon gxddepfilmaofnd
| 0B, 12A and 12B, 14A and 14B, 15A and 15B, 16A and 16B, 17A and 17B
and 19. the othen substIak®, the single crystal Si-layer on the

The above-mentioned generation of the micro

bubbles due to ion implantation is described in detail
10 in U.S. Patent No. 5,374,564.

The above description is made using the Si
wafer as one example, however, the present invention is
applicable to other semiconductors than Si such as
SiGe, Ge, SiC, GaAs, InP and soO0 on.

15 As described above, according to the present
invention, a large number of single crystal thin film
Si can be obtained from one Si substrate using one
wire. Also, since a wire acting the entire
circumference of a substrate is used for separation,

20 the substrate can be separated efficiently, and an Si
thin film of a high quality can be provided without
giving any damage to the Si thin film. For that
reason, when an SOI substrate is produced, since the
material can be used without any waste, there can be

25 provided a production process which can reduce
production cost and save resources. Further, the SOI

substrate itself as produced has a high quality.



5 defective layer of the Si wafer which is the one substrate is

transferred onto the silicon oxide film of t he other substrate.

The above-nentioned generation of the mcro bubbl es due to ion
inmplantation is described in detail 1042 4n U S Patent No. 5,374, 564.
The above description is made using the Si waf er as one exanpl e,
however, the present invention is applicable to other sem conductors
than Si such as SiGe, G, SiC, GaAs, InP and so on.

As descri bed a y&flé‘f ( toﬁﬂbetorgféiﬁgic co%veﬂ'%[cﬁ‘ptdegﬁf @iéar ge

nunber of si ngI e Cr ikl can al ne romone Si

substrate using,Qific C i

ci rcunf erence %’ su%st rsaitﬁé&efr ?hlﬁl“ﬁeﬁd}e%ﬁaﬁ%ﬁl% Jﬁﬁcﬁﬁ: %}%}}bst rate
can be separat %s‘ﬁél Qltd oardlb Prc¥ided a prddubdidngiioceds oh quality
can be provided wt hout gi ving any damage to the thin film For
t hat I exEPabM ST deduding riddictiich ot eal swmg t he

mat erial can be used w thout any waste, there can be 25 provi ded a
producti o pr oassdurddesh c@lsceduhe SOI sybsdrthacdis rerces N praivzed
resources. Further, the SO substrate itself as produced has a high
qual i ty. has a high quality. - 42 - Simlarly, when a
phot oel ectric conversion device is produced, since the material can be
used wi thout any waste, there can be provided a production process



capabl e of reducing production cost and saving resources. Also, the SO
substrate per se as produced has a high quality. VWHAT | S

CLAI ME 1. A process for formng a thin filmwhich
pr epar ﬁmmm'“""MHL"ﬁVI ng a porous | etye‘?r3 6h a nonporous | ayer and
further *havi ng on sporous | ayer 5 a layer smaller in porosity than
t he porous | ayer, and separates the nonporous |layer and the | ayer

small in porosity by the porous |ayer, the process conprising

bringing a wire ﬂﬂf)fgﬂﬁﬁ%%mﬁﬁtfséiSIde surface of the substrate to-
effect the separation. 2. The process as clained in

claim1, wherein t]_he .| rgﬁ-dc%é@‘f&: %ﬂu{l‘th'éjQ:tﬁlﬁ fﬁQlSi’n Qfhilde
substrate at | east one round. he process as

claimed in clai Prépatsy & ubstratd hﬁv&lrfge d pocand rmayadﬂ ym:enduct ive, and
wherein a current is allowed to flowinto the wire to generate
heat from the wnomporou®) layer and furtherTiavimgreess the @anaved liayexd ai m
2, wherein the wire is electrically conductive, and wherein a
current is&all owedayer l[smalilen irheonasd. tyo thiaey rhille yporous layemandrndhe
Wre.
separates the nonporous layer and the layer small in
porosity by the porous layer, the process comprising
bringing a wire into contact with a side surface of the
substrate to effect the separation.
10
2. The process as claimed in claim 1, wherein
the wire is wound on the side surface of the substrate

at least one round.

15 ' 3. The process as claimed in claim 2, wherein
the wire is electrically conductive, and wherein a
current is allowed to flow into the wire to generate

heat from the wire.

20 4. The process as claimed in claim 2, wherein
the wire is electrically conductive, and wherein a
current is allowed to flow into the wire to thermally

expand the wire.

25 5. The process as claimed in claim 2, wherein
the wire is electrically conductive, and wherein a

current is allowed to flow into the wire while applying



5 The nrgcess as clainmed in claim?2, wherein t he

mnre S uctive, and wherein a current
flowi nt ﬂﬂ} appl yi ng
a nmagnet utsi de of the “wife- t her eby

is allowed to
-44 -
exerting the

Lorentz's force on the mnre. 6. The process as clained in
claimb5, wherein 5 the magnetic field is a static magnetic field, and

wherein an alternating current is allowed to flowinto

the wire to

brate th 5,
wherain 10 ' Ehmegmetic £ield to the LESMMATEES RS GuadT nedebl®! T

wherein a dl r eClax@iti Al the Aorawrd k0 £blrew bht @hkhGire.

wWre to exert a

force on the substrate fromthe wire in a direction of peeling off
the layer small in porosity. 15 8. The process as cl ai ned
in claim2, wherein the wire is tightened up to separate the
substrat e. 6. The Plrecpsscasscaasimed dndcilaiml &, nwherelhar ei n

the wire is a binetal, and wherein the wire is heated 20

to be

thermal |y &ef or hbe megvetdactfield depar statAc magnetic field, amd. The

process as clainmed in claim1, wherein the wire i s a shape-nenory
al | oy, and wher ¥hgresa @prglternatlng current is allowed to flow into

the wire to vibrate the wire.

7. The process as claimed in claim 5, wherein

10 the magnetic field is a static magnetic field, and

wherein a direct current is allowed to flow into the

wire to exert a force on the substrate from the wire in

a direction of peeling off the layer small in porosity.

15 8. The process as claimed in claim 2, wherein

the wire is tightened up to separate the substrate.

9, The process as c¢laimed in claim 1, wherein

the wire is a bimetal, and wherein the wire is heated

20 to be thermally deformed to conduct the separation.

10. The process as claimed in claim 1, wherein

the wire is a shape-memory alloy, and wherein the wire

is deformed by using the shape-memory of the wire to

25 conduct the separation.

11. The process as claimed in claim 1, wherein



is deFOFﬁed—by—usLng_th_shape menory of the wire to 25 conduct the

separ at | . The process as clained in claim1, wherein
- 45- mﬂww, "mm Iayer on the nonporous |ayer is formed by
anodi za 45 - 12, The process as clained in

claim1l, mhereln *a rear surface of the nonporous |ayer which is not
I n cont act mnth the porous |ayer is brought into close
contact with a vacuum chuck, and wherein a small pulling force is

propagated to tie 35%5561&%_?(3&0 Eht t&ﬁe nonpor%%u YR UGl rolthea by il in

13. The process as claimed i'n wherein the | ayer

porosity IS a RebReza%3on of aneguta&&g&,layer formed by epitaxial growth
on the porous |ayer. 15 14. The process as clainmed in

claim13, wherein after the epitaxial |ayer and a support
substrate having an insulating | ayer at |east on a surface thereof
are bonded to each othéR. s@per processs as2¢laipedf dnmedaiy {lhe wheredn

| ayer, and the porous |ayer remai ning on the epitaxial layer is
renoved t 8 useat fear surfaggi pfxithe nepporons deyernvbighi Ag nefednfor a

sem conductor |ayer and an underlying insulating |ayer
contact with the porous layer is rought into close

contact with a vacuum chuck, and wherein a small
pulling force is propagated to the substrate from the
vacuum chuck.
10
13. The process as claimed in claim 11,
wherein the layer small in porosity is a nonporous
epitaxial layer formed by epitaxial growth on the
porous layer.
15
14. The process as claimed in claim 13,
wherein after the epitaxial layer and a support
substrate having an insulating layer at least on a
surface thereof are bonded to each other, separation is
20 performed by the porous layer, and the porous’ layer
remaining on the epitaxial layer is removed to use the
epitaxial layer and the insulating layer for a
semiconductor layer and an underlying insulating layer
of an SOOI subétrate, respectively.
25
15. The process as claimed in claim 14,

wherein the support substrate having an insulating



of an -SO——substrate,respectively. 25 15. The process as

cl ai med | wherei n the support substrate having an
i nsul at d!ﬁ!ﬂ lmlnl (Mﬂ" - I e}_y;irs at least on a surface thereof is
L H

a subst c al ned by oxidizing a surface of an Si wafer.

16. The process as clained in claim 11, 5 wherein after an insulating
| ayer is forned on a surface of the epitaxial |ayer and the

i nsul ating | ayer is bonded to a support substrate, separation is

perforned by tRewRA A4S 18adt2¥R] a ATt RUHEDS ALa substrdt™i Ning on
the epitaxial layer is renoved to use the 10 epitaxial |ayer and the

insul ating | ay@btaihed by oxidiingoRdérirFadedysd amGiamasedar!yi ng

i nsul ating | ayer of an SO substrate, respectively.
17. The process as clainmed in claim16, 15 wherein the support substrate
IS a quartz substrate. 18. The process as clainmed in claim
16, wher ei n t he 1$uppdihe priocesst @s $laimeds timaiod adim dilned by
oxidizing a surface of an Si wafer. 20 19. The process as
clainmed i § cl amherein after gmedssylatdngadayesnds formesk @R & is forned
by conducting anaodi zation at a_snmaller curr nt,denﬁjgy

surface of the epitaxial layer and the insulating layer

is bonded to a support substrate, separation is
performed by the porous Si layer, and the porous layer
remaining on the epitaxial layer is removed to use the
10 epitaxial layer and the insulating layer for a
semiconductor layer and an underlying insulating layer

of an SOI substrate, respectively.

17. The process as claimed in claim 16,

15 wherein the support substrate is a quartz substrate.

18. The process as claimed in claim 16,
wherein the support substrate is a substrate obtained

by oxidizing a surface of an Si wafer.

20
19. The process as claimed in claim 11,
wherein the layer small in porosity is formed by
conducting anodization at a smaller current density
than that when forming the porous layer.
25

20. The process as claimed in claim 14 or 19,

wherein after the layer small in porosity and the



t han tﬁa__ﬁﬁgﬁ_?B?ﬁTﬁﬁ—Fﬁe porous |ayer. 25 20. The process

por osi mmﬂllﬂﬂﬂ WIS cUppoyy ‘substrate are bonded to each

other, sépafathort s * s perforned by4?he porous layer to use the |ayer

smal | In porosity for the photoelectric conversion |layer of a
phot oel ectri c conversi on devi ce. 5 21. A process for
forming a thin filmwhich prepares a substrate having a porous S

| ayer on a upg8%0§au§t§atéaxsé Baﬂdé&rweéaeﬁvzaeaeen &Qéa??%@&ﬁ S
| ayer

| ayer an Si maller 1n porosity than the porous ayer, and
separates the nQQDﬁéQ!’&rﬁéd' By€théNfotbs layer €b hééei’:hénﬁéizefns:ﬂQIPSI ty
by the porous Si layer, process conprising bringing a wire into
contact with a in poroEli.d? gotf 6Re photbelasbsicatenvereibnclayde of a
separation. 15 22. The process as clainmed in claim 21,
wherei n the w rphosoabactirdc tbeverstosudéuteeof the . substrate at

| east one round. 23. The process as clained in claim?22,
20 wher®in the wire is electrically conductive, and wherein a
current is allowed to flowinto the wire to generate heat fromthe
wre. 21. A process for forming a thin film which

prepares a substrate having a porous Si layer on a
nonporous Si layer and further having on the porous Si
layer an Si layer smaller in porosity than the porous
10 Si layer, and separates the nonporous Si layer and the
Si layer small in porosity by the porous Si layer, the
process comprising bringing a wire into contact with a

side surface of the substrate to effect the separation.

15 22. The process as claimed in claim 21,
wherein the wire is wound on the side surface of the

substrate at least one round.

23. The process as claimed in claim 22,
20 wherein the wire is electrically conductive, and
wherein a current is allowed to flow into the wire to

generate heat from the wire.

24. The process as claimed in claim 22,
25 wherein the wire is electrically conductive, and
wherein a current is allowed to flow into the wire to

thermally expand the wire.



24. The process as—etaifed in claim22, 25 wherein the wire is

electrically cond wherein a current is allowed to fl ow
into the‘ ﬁ 1lﬁ\“§meernal |y expand the Wre. - 48 -
25. The din claim2Z, 48 wherein the wire is

electrlcaTIy conductive, and wherein a current is allowed to flow
into the wire whil e applying a magnetic field to the outside of the
5 wire, thereby exerting the Lorentz's force on the wire.

26. The process as cl aigied g Cb&b%b%% claimifeei®l 1A% wBgnetic field
whe '

Is a static nmagnetic fleld rern an alternatlng current is

al owed to floynek@in ithed ke Wl alb%twi%@.tlg dpdlicteve, and
27. The process as clainmed in claim2 wherein the magnetic field

is a static mgheirednf eelcthrrent is ando%arwﬁow it ehe edlrel s al | owed
to flowinto 15 the wire to exert a force on the substrate fromthe

wire in a direehide appledngng abinelttdd fieddsma kthenoutsidepoifothey.
28. The process as clained in claim?22, 20 wherein the wire is tightened
up to sepér at ewtire, therebybexeatdng the Lorentz's force on the wire.

26. The process as c¢laimed in claim 25,
wherein the magnetic field is a static magnetic field,
and wherein an alternating current is allowed to flow

10 into the wire to vibrate the wire.

27. The process as claimed in claim 25,
wherein the magnetic field is a static magnetic field,
and wherein a direct current is allowed to flow into

15 the wire to ekert a force on the substrate from the
wire in a direction of peeling off the layer small in

porosity.

28. The process as claimed in claim 22,
20 wherein the wire is tightened up to separate the

substrate.

29. The process as claimed in claim 21,
wherein the wire is a bimetal, and wherein the wire is
25 heated to be thermally deformed to conduct the

separation.



29. The -process—as—elatmed-in clain121, wherein the wire is a

bi net al , reis heated to be thermally defornmed to
conduct t lmmmﬁmﬂﬁﬁr 30. The process as
clained i mhereln tre48 e is a shape-nenory al |l oy, and
wherein the wire is deforned by using the shape-nenory of the

wWre to conduct the separation. 5 31. The process as
claimed in claim?21, wherein the porous Si |ayer on t he nonporous S

| ayer is for rred m@:tféagso sara:\,]\??ila@‘ 9% claihd 32.

The process as cl ai med |n clal erern rear sur ‘ace of the
nonporous Si | yfelraifi Céhe wire ilsS d'Unhdge-HRMAS ay G}t%@%&&ﬁi layer

i s brought into close contact with a vacuum chuck, and wherein a

smal | pulling fhecqriire RIORRIVMRE By hmsigaaiﬂeatseaa‘geamemb&y dfheneacuum
chuck. 33. The process as clained in claim 31,

wherein the Si wiggertcs Banduct hiedSdparatiam.epi t axi al : Si |ayer
formed by epitaxial growh on the porous Si 20 | ayer.
34. The proocess as clainmed in claim 33,
31. The process as claimed in claim 21,
wherein the porous Si layer on the nonporous Si layer

is formed by anodization of an Si wafer.

10 32. The process as claimed in claim 21,
wherein a rear surface of the nonporous Si layer which
is not in contact with the porous Si layer is brought
into close contact with a vacuum chuck, and wherein a
small pulling force is propagated to the substrate from

15 the vacuum chuck.

33. The process as claimed in claim 31,
wherein the Si layer small in porosity is an epitaxial
Si layer formed by epitaxial growth on the porous Si

20 layer.

34. The process as claimed in claim 33,
wherein after the epitaxial Si layer and a support
substrate having an insulating layer at least on a

25 surface thereof are bonded to each other, separation is
performed by the porous Si layer, and the porous Si

layer remaining on the epitaxial Si layer is removed to



wherein a |taX| after—the-epitaxial Si layer and a support substrate having

an insul Ieast on a 25 surface thereof are bonded to each
ot her, gmu m’ performed by the porous Si |ayer, and the porous
JH” n the epitaxta?@Sr layer is renoved to
use the epitaxial Si layer and the insulating |ayer for
a seniconductor | ayer and an underlying insulating | ayer of an SO

substrate, respectively. The process as clained in

Cayer at |l east %%ya‘ﬁéeﬁi‘iba%@ae’f%%ifﬁ%i TV AR AR AR L a"’*##*‘gf@r
oxi di 7ing & U Bt ool ffex naioan under ymggaiqayer cess as

clainmed in claim31l ter an |nsu at | I's formed on

a sur f aceaypdr tdie &pig@w@b&réeyerr@g&émémul ating | ayer

I's bonded to a support substrate, separation iIs perfornmed by the
porous Si | ayer, and the porous Si 15 | ayer remaining on the epitaxial
Si layer is renoved to use the epitaxial Si |ayer and the insulating
| ayer for 5 a semIpndUtherptayess ol ciaimstkriyickpimsid ati ng

| ayer of an SO substrate, respectively. 20 37. The process
as clai ned i n othareigs, the suppaersubstrate hpoing subsinsulating quart z

substrat e.
layer at least on a surface thereof is a substrate

obtained by oxidizing a surface of an Si wafer.

10 36. The process as claimed in claim 31,
wherein after an insulating layer is formed on a
surface of the epitaxial Si layer and the insulating
layer is bonded to a support substrate, separation is
performed by the porous Si layer, and the porous Si

15 layer remaining on the epitaxial Si layer ;s removed to
use the epita#ial Si layer and the insulating layer for
a semiconductor layer and an underlying insulating

layer of an SOI substrate, respectively.

20 37. The process as claimed in claim 36,

wherein the support substrate is a quartz substrate.
38. The process as claimed in claim 36,
wherein the support substrate is a substrate obtained

25 by oxidizing a surface of an Si wafer.

39. The process as claimed in claim 31,



38. The process as clained in claim 36, wherein the support
subst rate—+s—a—substrate-obtained 25 by oxidizing a surface of an S
waf er . 39. The process _as clained in claim 31, -

51 - ”!!Ilﬂ um‘ﬂ l! ﬂﬂte Si layer sn@l PLim porosity is formed by

conduct i a snaller current density t han that when
formng the porous Si Iayer 40. The process as clained in
claim 34 or 39, wherein after the Si layer small in porosity and the

support substrg er%%grgggdgg &?Xgﬁcgmﬁiﬁe&n EBEQEEE&OQS formed! ByPerforned

by the porous ¥ 0 USe In por05|ty for the
photoel ectric GORUGEEIRY ahBdizbRY6hH aft a Qﬁamekeehh:éneoaéﬁgstgn devi ce.

than that when forming the porous Si layer.

5 40. The process as claimed in claim 34 or 39,
wherein after the Si layer small in porosity and the
support substrate are bonded to each other, separation
is performed by the porous Si layer to use the Si layer
small in porosity for the photoelectric conversion

10 layer of a photoelectric conversion device.'



