
~,._}-.,I ED!~E 
l. 

T~••e . Bil1'lin9 • l<inne & Parrner. 8000 Mur.cnen. POB 20 24 03 

Patentanwalte 
Vertreter beim EPA 
Oipl.-lng. H. Tiedtke 
Oipf.-Chem. G. Buhling 
Dipl.-lng. A. Kinne 
Oipl.-lng. P. Grupe 
Oipl.-lng. B. Pellmann 
Oipl.-lng. K. Grams 

REPLACED SHEETS SG 

Description : paged .. l: .... to paged \h~ .... 
Claim(s) : paged J.~'t to paged~-· 

· paged l to paged .......... . . ········ ls<I 
: paged ~?.~. to paged ......... . 

Bavariaring 4, 
F'OB 20 24 03 
D-8000 Munchen 2 

August 02, 1991 
EP 11736 

CANON KABUSHIKI KAISHA 
Tokyo, Japan 

SEMICONDUCTOR MEMBER AND PROCESS FOR PREPARING 
SEMICONDUCTOR MEMBER 

Telefon: O '89-53 96 53 
Telex: 5-24 845 tipat 
Telefax: 0-89-53 73 77 

Dresdner Bani< (Miincllen) Kto. 3939 844 (8\.Z 700 eoo 00) 
Oe<llSC/>6 Bani< (Miinc:henJ K:o. 286 1060 (Bl.Z 700 700 10) 
Pos:garoamt (Miinchen) KIO. 670. 43. 804 1Bl.Z 700 •00 801 
Oai·leh~Kangyo Sank IMiinc~ent K:o. S 1 042 (BLZ 700 207 00) 
Sanwa Bank cMuncnenJ Keo. s.:io 047 (BLZ 702 30.7 001 

3 



rt .; t"fO /JjO SCj 
. . I .. ....:. 

. . 

l Semiconductor Member and Process for 

Preparing Semiconductor Member 

BACKGROUND OP THE INVENTION 

5 
Field of the Invention 

This invention relates to a semiconductor 

member and a process for preparing a seMiconductor 

m.eaber, 111.ore particularly 'to a semiconductor which is 

suitable for separation of dielectric materials or 

10 electronic devices, integrated circuits prepared on a 

•onocryatalli.ne aemiconductor layer on an insulating 

material. 

Related Background Art 

Formation of a aonocrystalline Si 

15 sem.1conductor layer on an ins~lating material has been 

widely known as the silicon on insulator (SOI} 

technology, and since a large number of advantages 

which can not be reached by bulk 51 substrates for 

preparation of. conventional Si in~egrated circuits are 

20 possessed by the device u~ilizing the SOI structure# 

so m.any researches have been done. More specifically, 

by utilizing the SOI structure, the following 

advantages can be obtained: 

1. Dielectric isolation can be easily done to 

25 enable high degree ot integration; 

2. Radiation hardness is excellent; 
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3. Stray capacity i~ reduced to attain high. 

speed; 

4. Well formation step can bP. omitted; 

6. Latch-up can b• p~eventcd; 

6. Fully depleted field effect trans1s~or can 

be aade by thin film torma~ion. 

In order to realize the ·~ny advantages 1n 

device charact•ristics aa aont1oaed a~ove, studies 

have been aade abou~ the aethod f o~ forming the SOI 

10 structure for these soae 10 years. Tho contents are 

aua•arized in, for ex~le, the lltera~ure as 

aentioned below: 

Stuieial Ieaue1 "Single-c:ryat.al s111con on non­

single-oryetal 1ns~lators~; edited by G.W. Cullen, 

~ Journal o! Cryatal Growth, volWlle 63, Ho.3, pp. 429 i.~ 

~90 (1983). 

Alao, il has been known for a iong ~iae to 

tora ~he 505 (silicon on·aapphire) structure by 

h.e~Aroepitaley of Si on a aonocrystalllne sapphire 

20 substrate by CVD <.chea1cal vapor deposition) method. 

Thia was succP.~sful to eome extent aa the most •a~ure 

sot techniq~e, but for such reasons as a large aaount 

of crystal detec~s because ot lattice a1omatch1ng at 

the 1nterfacA between the Si layer and the sapphire 

25 ~11batrate, in.trodut:Uon Of a1uminwa fro• the eappbire 

s~b•tra~e into the Si layer, and above •ll the high 
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cos~ ot the substrate and delay in enlargebent of the 

Fn1bstrat• water size, it 1is obstructed rrom. being 

widely applied. Relatlvely in recen~ yearo, a~tcmpts 

to reallze the SOI structure without use of a sapphire 

•ubatrate have been done. Su.ch at~eapts may be 

broadly clasa1t1ed 1nto the three shown below. 

(1) After aurfacc oxida~ion o! a 51 

aonocrystalline subotrate, a w1naow is to~Med to ha~• 

the 51 substrate partially expoeed, and epitaxial 

growth is proceeded in the ldleral d1rect1on Wlth that 

_exposed portion., as the seed to form an Si 

aonocrystalline layer on Si02 • (In this case, 

depositioft o.f. Si layer on Sio
2 

is acco•panled). 

(2) By use of a Si •onocrystalline sub~trate 

15 itself as active layer, Si0
2 

i~ forllled therebenea~h. 

(Thia aethod ia accoapa.niedWl'th no deposi~ion of Si 

layer). 

(2) Afte~ epitaxial gruwth ot Sl on a 51 

aon~crystalline aubs~rate. isol~tion separation ia 

20 etfec'ted. (This method ie acco•panied witb. deposl't1on 

of Si layer)." 

Aa the aeans ror realizing t:he above (1), 

there have be~~ known the aethod 1n which a 

•onoc~yatalline Si l•r~r is toraed directly to lateral 

25 epitaxial growth by CVD, tbe aethod in which amorphous 

ii1i1iii1iliirf 
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ep1 taxial growtli by heat: treat:ment, the 1114'!t"hod ill 

wh1ch amorphous or polycrystalline Si layer is 

irradiated.oonvcrgently with en energy l>eaJll sucn as 

e1oetron beam, laser beam, etc. and a monocrystalline 

layer 1s grown on Si02 by aelting and 

recrystalli~ation, and the method 1n WhlCh a •~ltin.g 

region is scanned in a zone fashion by a rod-shaped 

hea~er (Zone melting recrystallization). These 

•&thods have both odvc:m Lo.ges an<1 c1isaavan tagP.l'I; ! the 

a~lll have many probl~ms with respeo~ to 

et"Sntrollabtl.ity, productivity, u.uitor:m.tt:y and 

quality, and 11one ot 'them have been industrially 

applied yet~up to date. For exaaplo, ~he CVD method 

~P.quir•• sacrifice-oxidation ia f la~ ~nln tllJll 

c forattion, while ~he crystallini~y is poor in the 
i.~ 

solid phase growth aethod. On the other hand, 1n the 

beaa annealing method, probleas are 1nvolv4d i~ 

controllability such as t~eatment tiae by converged 

bee.a scanntng, th• aanncr of overlapping ot beams, 

20 tocue adju.at•ent, etc. Amonq these, the Zone Melting 

Recryata1l1za~1on aethnd is the aoot aature, and a 

relativAly la•ger scale integrated c1rcuit has been 

trially ••de, but s~111 a large number of oryatal 

de!ects such as point defect, line defect, plane 

25 defer.t (sub-boundary), etc. remain, and no device 

driven by a1uur1'tY carriers has been. prepared. 

lii[i~f 
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Concerning the ac.thod u.~1119 no Si su'bsi:rai:e as 

the seed !or ep1~ax1al qrowth which is the above 

me~hOd (2). for exaaple, the following ~cthod~ may 'be 

inc lud.ed. 

1. An oxlde tllm is formed on an Si 

monocrystallin~ anbstrate with v-grooves a~ 

a.ni•otropio~lly etched ou the surface, a 

polycrystalline Si layer 1$ deposi~ed on the oxide 

film thick to th• extent as the S1 ~~bs~rate, and 

10 ~he~e~fter by poliahing from the back surface of the 

Si sabstrate. Si monoerystalline regions 

diel~etrically acparated by ~urroundlnq wlth the V-

grooves on~the thick polycrys1:alline Si layer are 

toraed. In this method, although crystallin1ty ls 

1 ~ good. there arc problema w1lh respect to 

cofttro1lab1lity and productJvity in the step of 

deposi~lng the polycrystalline Si ~hick as some 

hundr•d aiorono and the step 1n wnieh the 

aonocrystall1ne 51 subs~rate is polished from the back 

20 surface to leave only the 51 active layer as 

separated.· 

2. l')lls iR t:he ••thod called SIMOX 

(Separation by ion-iapl•nted oxvqen) in which an s10
2 

layer is formed by ion impl~nt:ation of o~ygen into an 

2~ Si monoorystalline subs't%'ate, whicb is one of "'the most 

aatu1'"@ met:hodo bec:•u:se uf good matching wit:h t:hc Si-IC 

. .. 
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(Iutegrat:ed Clrcuit) process. However, for fo~11Lation 

of thP. Si0
2 

layer, 10 16 1ons/ca2 or more of oxygen 

iona e.ro required to be 1mplant:ed. and the 

1m.plantation 'time js very long to be not high in 

p~oduetivity, and ~loo the wafer coat ls n1gh. 

Further, •a.llY crystal detec~s remin, and fro• an 

1ndus~r1al point of view, no sufficient level of 

quality capable of prcpa1·ing ca devlce driven by 

ainority carriers has been a~tained. 

3. This is the •ethod to !urm an SOI 

etruo~u.re by diele~tric 1solatlon according to 

oxidation or PO:t'ous Si. This is a ae~hod in which an 

ff-type ~1 )ayer ie foraed on the surtace ot a P-type 

Si aonocry.stalline substrate in shape of islands by 

lS way of pro'ton 1on implantation (Iaai et al., J. 

Cry11tal Growth, Vol. G3,S47 (1983)), or by epitaxial 

gretrth and patternlnq: only the p-type Si substrate 1s 

aade poro~s by anodi:•tion in HF sol~t1on so as ~o 

t1urround tho Si iala11ds trom. 'the sul"face; and then the 

20 M-type Si 1elands. are dielect~ioally isolated· by 

acceleratP.d oxidation. In this m.e~hod, the separated 

S1 region is deterained betore ~h• device ~teps, 

whereby there ls the problea. that the degree ot 

treedoa in device Qnd circ~!t design may be limited in 

2S soaa oases. 

. .. . 
• . 
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method described in Japanese Laid-open Patent 

. . , 

Applica~ion No. 56-16464 has ~he steps ot forming an N-

type aonocryatalline Sl layer on a P-type Si wafer, 

provid1n~ a glass layer containing an oxide ot the N-

~ype impurity thereon and the step ot Donding the 

glaso layer to a glass layer containing the oxide oC 

at.Ji lf-puri~y 1111.p1trity provided on another silicon wafer 

by heat t~e4~ment.· And, subsequent to the bonding 

etep, the P-type Si waf~r is made porous, and then "the 

porous layer is oxidized, followed by etchlng to 

reaove the porouo l~yer, ~hereby foraing an 501 

struc~ure. Also, Japanese Patent Publication Mo. 53-

46675 diac~oac~ a method 1n which a s1licon 

aonocryatalline water la •ade porous, then oxidized to 

15 make the poroun layer higher in resiatance; a 

aonocryatalline Si lay~r is toraed on the porous 

silicon layer; and a pa~t of the aonoerystG.lline Si 

layer is Made porou• and higher in res1starice so a• to 

surround the aonucrystall1ne Si region, thereby 

20 aeparatin~ the monocrystallinc Si regiun. 

The aa't:hode described 1n 'these publica:tione 

all include the step of ox1di?.1ng a porous layer, and· 

because the volu•e of porous layer ls increased by 

oxid~tion, eomctiaeo an 1ntluence nf distortion may be 

25 exarted on the monocrystalline Si layer, •nd thereto~~ 

in ~hese methoda, a aonocryatall1ne ~l layer with 
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constantly good quali:ty co\.Ll\.\ not necessar11Y be 

foraed on the 1nsulator. 

SUMMARY OF TH.! INVENTION 

An object o! the presen~ inv•ntion i~ to 

provide a semiconductor •e•ber capable of overcoming 

the prnblems as deseribod u.bove and meel.i.ng the 

deaanda a5 deacr1bcd above and a process for prepa~ing 

the member .. 

Another object of \he presen~ lnvention is to 

provide a sem1con<1uc~or bavtng a aonoo.rystalline layer 

excellent in cryatallinity eq~ally as monocrystall1ne 

SOI wafer, and a pr0<:ess tor preparing ~h~ aeaber 

excellent .Also ln aspect-a of productivity, unitorldty, 

controllability, econoay. 

Still another object of th~ present i~vention 

i~ to provide a se•iconductor mcaber having excellent 

charActerictios which can b~ suttlc1ently alternative 

for expensive sos or 5IHOX even in preparing a large 

scale integrated circuit by ~he SOI structure and a 

p~ocesa fo~ preparing Lhe meaber economically. 

Other objects of the present invcntiun than 

those as mentioned above arc: 

to provide a process.for preP"ring a 

ae11..1condqctor member compriaing the steps ot: 

forming a ·~•bcr h«ving a non-porous 

aonoo~ystallino sealconauctor region on a poro~~ 

• .. . 
• . ... 
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monocrystail.jne semiconductor region, 

bonding tbe surtace ot a member of which the 

surfac~ is const1tu~ed of an insulating substance on~o 

the surt~e• of the non-porous ~onocrystalline 

seaioonduetor region, an4 then 

re11.ov1ng th" porous aonocrystalllne 

semiconductor region by che•ical etchlng; 

to prov1de a process f.or preparing a 

sem1conducto~ •ember coapri~ing the steps ot: 

forming a aeab~r hav1nq a non-p~rous 

aonocrystalllne semiconductor region on a porous 

aonocrv~tallin• aeaicond~ctor region, 

f~rming a region constituted of an insula~ing 

s~b~tance on the non-porous aonooryatQlline 

semicnnductor side of the aember, then 

bonding the surtace of a aeab•r of which the 

aurtace is constituted of an 1n:sula'ting subs'tance onto 

tne surface of ~he roglon constltuted of the 

ineule'ting substance, and 

removing the porou~ aonoc.:.rys~alline 

SP.Jfticonduotor rogion by chemical P.tohing: 

to provide a proceae for prepar1ng a 

sem1conduotor aeabct'. compr 1s1nQ the stAps of: 

aaking a non-porous •onocryetalliae. 

25 eemiconductor member porous to fora ~ porous 

monoerys~alline ecai~ond~~tor reglon. 
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l 
formihg a non-porous monocrystalline 

~e•iconductor region on t:he porous monocryst~lline 

sem1conductor reginn. 

bonding the ~urface of a aember ot wh1Ch t:he 

5 
surface 1o con~tituted ot an 1naulat1ng substance onto 

the surface of the non-porous nonocrystall1ne 

!'t&mieonduator regJ.-on, aa.d 

removing t:he porous monnerystalline 

sea1conductol" region by ohe•ical etching; 

10 to provide a process for preparing a 

seaicondue~or member comprising the $teps of; 

aaking a non-porous •ono~rystalllne 

seaicond.u.ct?r •em.ber porous i:o form a porous. 

aonoc:ryst:all1ne se.mi~ondw:tor region, 

15 foraing a non-porous aonocrysi:alline 

eemiconduc:tor region on i:he porous monocrystalline 

sea1conductor region, 

to~a~ng region cuns~1tuted of an insulating 

=substance on ~he non-porous monocrystallia.e 

20 semiconductor region side, 

25 

bonding the surface of a •••ber of which the 

surface ia constituted of an insulating substance onto 

~he surfacA of the region constituted of t~e 

removing the porous •onocrystall1ne 

sem1conductor region by ch~m1cal etching: 

This Sheet Has Been Replaced 
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to provide a proacoo for preparlug a 

seaiconduator aomber cuap~is1ng the steps of: 

.. 
,. • f" • 

~ .. . . . . .,,. ... . . 

maklng a tlrst non-porous aonocrystalline 

se•1conductor aaaber partially porous to rorm a po~ous 

aonocryet~lline sem1~unductor region ~nd a second non· 

porous aonocrystalline Reaiconduo~or region, 

forming a third non-poru~s monocrystalline 

seaioonduetor r~gion on ~he porous •onocrystalline 

seaiconductor ~egion, 

bonding the surface ot a member of which the 

~~rface is constituted of an insulating oubs~ance ontu 

the surface of tha third. n.on·-porous monocrys'talline 

seaiconduc:or regioQ, •nd 

. remov1ng the second non-porous aonocrystalline 

15 sem.1conduci'or region mech.::inically, c:1.ml removing thA 

porous aonocrystalllne sem1conducto~ region by 

chemical etching: 

to provide a procesa tor preparing a 

aeaiconductor aeaber comprising th• steps of: 

making a first non-poroua aonucrys~alllne 

seaicnnduc:tor aeaber partJ.•llY porous ta fora a porou.:. 

•onocryatallirie sealconduc'tor region a.nd a aecond non-

porou.s aonocrystallin• semiconductor reg~on, 

foraing a third non-porous mon.oc~ystalline 

25 •e•iconductor region on the porou3 monocrystall1ne 

~ea1eonducto~ region, 

This Sheet Has Been Replaced 
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l forming a region cumstituted ot an 1nsula't.1ng 

substance on the third non-porous monocrystalline 
se.m.iconductor region aide, 

bonding the sl.U'face ot a meiiber ot which the 

s surtace ls canst1tuted of ~n insulating substance onto 
the surface of tha region conatitu.ted of the 
ina~lating substance, an~ 

re•oving thP. second non-porouo aonocryst«ll1nc 
A&:miconduotor acchanically, and removlng the porous 

10 aonocry~talline sem1conductor rP.gion by chemical 
et:chlng; 

to provide a process tor preparing a 
semicond~tor aeaber coaprising the st•pa of: 

fn~ming a ••con.cl aonocryatalline sea1conduc~or 
15 region of a second electrocondQCtlon type on a first 

monocrys~alllne semiconductor region of a fir&t 
electroeonduetion type, 

me.king the t1rst monocrys~alline a•aioonductor 
region p~rous to fora a porous monocryatalline 

· 20 aeaieonductor region, 

25 

bonding the surtace of a aeaber of which the 
surrace is foraed of an ineulating substance onto the 
surface of the oecond aon(Jcrys'tall1ne selniconduetor 
region, and 

... 
remnving the porous monocrystall1ne 

se•iconductor reg1un by cheatoal e~ehing; 

.. . . . 
• • .. ... 
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~~ provide a proceaa for prep~ring a 

aemioonductor aemb~r comprls1nq tne steps of: 

torminq a second 111.0nocryetalline 3em1conductor 

reaion nf a s~cond clcctroeoQd~ct!on ~ype on a first 

aonooryetalline aeaJconductor region of a first 

electroconduct1on typP., 

m.aking the first aouocrys'tall:i.ne semir.ond1,1ctor 

region porous to form a porouR aonoerystalline 

sea1conductor region, 

forming • re91un cons~1tu~ed of an insulating 

substance on the second monocrystallinc semiconductor 

region idde. 

bo~ding the surtace or a member of which the 

~urtace 1s formed of an insulating substance ontu the 

15 su~face of the eeoond monocrys~~ll1ne sea1conduct~r 

region, and 

removing the porous aonocrystall1ue 

seaicond~otor region by c:hea1cal e~cning; 

lo provide a· samtconductor aember comprising: 

a first •••ber having a 11ou-porous 

:111onoc~ysta-lline :5cr&icunduc'tor region on a porouc 

aonocry~tall1ne semiconductor region. and 

a second mcaber ha.v1ug the surtace 

constituted of au 1naula't1ng substance bonded onto t.be 

25 aur!ace ot 'the non-porous aonocryatalline 

semiconductor region; 

,. .. . 
• • 
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l t:o provide ~ semlconauctor me•ber coapriaing: 

a flrst member having a non·porou5 

monocry~talline seaiconductor reglon and a ~egion 

oonstitu.t:ed uf an insulating substance arrangod in 

5 thls order on a porous aonocryetalline aem1con4uctor 

region, and 

a ~econd member bonded through a region 

constituted of an insulating substance onto the 

surface of the region constltuted ot the jnsulating 

10 substance; 

t:o provide a aemiconducLor member having a non-

15 

porous &ili~on monocrystall1ne seniconductor region 

arranged on a ragion conatit~ted of an inaulating 

9ubstance, aharacterized in lhat the dlslocat1on 

defec~ dens1~Y in the non-porous silicon 

monocrys~~lline seaicond~otor region is 2.0 x io4 /cm2 

or less, ~nd the lite llme or carr1ers 1s 5.0 x 10-4 

second or lon.ger; and 

to provide a aeaiconductor member having a non-

20 porouG silicon aonocrystall1ne semiconductor region 

arrangec on a region coAstituted of an. ina~lating 

suhst:ance. cbaracteri:ced ln tha"l: ~he c:Usloc-tion 

defec1:: den~ily in 'the non-porous silicon 

monocrvs~alline ae•iconductor region is 2.0 x lO'/cm2 

25 or 1-.s •• and the life t1me ot carrlers ts s.o x 10-4 

sec or louyt:r, and aJ.so th~ diffe:renoc between the 

~ 

•• • • • . .. 
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1 maxiaum val~e and the minimum value of the thickness 

of the silicon monocrystalline semiconductor region is 

10" or less wi.th respect to maxiaum. value .. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figs. 1 through 13 are schematic illustrations 

of the examples of the steps of the process tor 

preparing the semiconductor member of thP. ~rP~~nt 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Preterable semiconductors of the presen~ 

invention are as described below. 

A semiconductor member of the present 

invention co~prises: 

a first aember having a non-porous 

15 aonocrystalline semiconductor region provided on a 

porous monocrystalline semiconductor region, and 

a second member having the surf ace 

constituted of an insula~ing substance bonded onto ~he 

surface of the non-porous monocrystall1ne 

20 seaiconduc~or region. 

Another seaiconductor member comprises: 

a first member having a non-porous 

monocrystalline seaiconduc~or region and a region 

consti~uted of an insulating substance arranged in 

25 this order on a poroas monocrystalline sem.iconduct:or 

region, and 
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a second member bonded through a region 

constituted of an insulating substance onto the 

.. 

surface of the region constituted of the insulating 

substance. 

. 

Still another semiconductor member has a non-

porous silicon monocrystalline semiconductor region 

arranged on a region constituted of an insulating 

substance. wherein the dislocat:ion defect: density in 

the non-porous silicon monocrystalline· semiconductor 

region is 2.0 x io4/cm 2 or less, and the life time of 

carriers is 5.0 x io-4 sec or longer. 

Still another semiconductor member has a non-

porous silicon monocrystalline semiconductor region 

arranged on a.region constituted of an insulating 

15 substance, wherein the dislocation defect density in 

the non-porous silicon monocrystalline semiconductor 

region is 2.0 x 104 tcm2 or less, and the life time of 

carriers is 5.0 x l0-4 sec or longer, and also the 

difference between the maximum value and the minimWll 

• .... 
• • • ••• 

20 value of the thickness ot the silicon aonocrystalline 

semiconductor region is 10~ or less, with respect to 

the maximwa value. 

Preferable pr~cesses for preparing 'the 

semiconductor member ot the present invention are as 

25 described below. 

A process for preparing a se•iconductor member 

i11i1ii1ii fiii 
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1 of the present invention coMprises: 

forming a member- having a non-porous 

m.onocrystalline sem.ic:onductor region on a porous 

monocrystalline semiconductor region, 

5 bonding the surface of a member of which ~he 

surface is constituted of an 1ns~lat1ng substance onto 

the surface of the non···porous :m.onocrystalline 

semiconductor region. and then 

removing the porous monocrystalline 

10 se•iconduc~or region by chemical etching. 

Another process co~prises: 

forming a member having a non-porous 

monocrystall.ine semiconductor region on a porous 

monocrystalline semiconductor region, 

15 forming a regicn constituted of an insulting 

substance on the non-porous monocrystalline 

semiconductor side of the member, t~en 

bonding 1:h~ surface of a aeabe1· of which the 

surface is constituted of an insulating substance onto 

20 the surface of ~he region constituted of the 

insulating substance, and 

removing the porous monocrystalline 

semiconductor region by che:m.1cal etching. 

Still another prc.1cesS. comprises: 

25 making a non-po~ous.monocrys~alline· 

seaiconductor 11.ember pai::·ous to form. a porous 
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monocrystalline semiconductor region, 

form.ing a non-porous m.onocrystalline 

aem.iconductor region on the porous .m.onoc:rystall.ine 

seaiconductor region. 

bonding the surface of a m.e?llber of which the 

. ,.,. ..... 

surface is constituted of an insulating substance onto 

the surf ace of the non-porous .m.onocrystalline 

semiconductor region, and 

removing the porous monocrystalline 

10 se111.iconductor region by chemical etching. 

Still~another process com.prises the steps of: 

m.ak1ng a non-porous m.onocrystalline 

semiconductor member porous to form. a porous 

monocrystalline semiconductor region, 

15 forming a non-porous monocrystalline 

semiconductor region on the porous monocrystalline 

semiconductor region, 

forming a region constituted of an insulating 

substance on the non-porous aonocrystalline 

20 semiconductor region side. 

25 

bonding the s~rface of a aeaber of whtch the 

surface is constituted of an insulating substance onto 

the surface of the region constituted of the 

insulating substance, and 

removing the porous aonocrystalline 

semiconductor region by chemical etching. · 
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l 
Still another process comprises the steps of: 

making a first non-porous aonocrystalline 

semiconductor member partially porous to·form a porous 

monocrystalline semiconductor region and a second non-

5 
porous aonocrystalline semiconductor re~ion, 

forming a third non-porous monocrystalline 

semiconductor region on the porous monocrystalline 

semiconductor region, 

bonding the surface of a member of which the 

10 surface is constituted of an insulating substance onto 

the surface of the third non-porous monocrystalline 

semiconductor region, and 

removing the second non-porous monocrystalline 

semiconductor region by mechanical grinding, and 

15 removing the porous monocrystalline semiconductor 

region by cheaical etching. 

Still another process. com.prises the steps. of: 

•aking a f 1rst non-porous monocrystalline 

semiconductor member par'tially porous to form a porous 

2o mQnocrys~alline seniconductor region and a second non-

porous aonocrystalline semiconductor region, 

forming a third non-porous monocrystalline 

semiconductor region on the porous •onocrystalline 

semiconductor region, 

25 forming a region consti~uted of an insulating 

substance on the third non-porous monocrystalline 

r .. .. 
r 
p 
p .. .. 

r 
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1 
semiconductor r@gion ~idP., 

bonding the surface of Q acabcr of which the 

~u.rface ia constituted ot an 1nsulal:1ng substanc~ u.utu 
I 

the eu~face of the region congtituted of the 

5 insulating aub~tance, and 

removing ~he second non-porous monocrvs~all1ne 

semicoQductor by mechanical grinding, and removing th@ 

porous monocrystalline semiconductor region by 

chem1ca1 etcblng. 

1 () Still another prooeoo oomprieco the otcpo of~ 

for•ing ~ second aonocrystall1ne semiconductor 

region of a second conduction type on a ffr5~ 

aonoorya~allinc ocaiconductor region of a firet 

conduction type, 

15 m3king The first monocrystalline semiconductor 

region poroua to lora a porous monocry$talline 

semiconductor rea1on. 

foraing a region constituted of an insulating 

aaterial on the second monocry$talline uemiconductor 

20 recuon s1<1e, 

25 

bonding the surfaae of 4 aeaber of which the 

•urf•ce is con$tituted of an 1nsula~1ng aubs~ance onto 

the surface or the second monor.rystalli~e 

semiconductor region, a~d 

reaoving U1e porous aonocryst:all1ne 

aea1con4uctor region by r.hP.mical etching. 

,. .. .. .. .... . .. .. .... ,. .. .. 
f'" ~~· 
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Still an~ther proceee comprises thQ steps of: 

torming a second monocry~talliue ~eaiconductor 

rftgion of a second electroconduction type on a first 

aonocryatallino seaicond~ctor region of a first 

electroconduction type, 

making the first monocrystalline semicondu~tor 

region porous to fora a porous monccrystalline 

semiconductor reglon, 

foraing a region constitutQd of an insulating 

lO ~ubstance on the eecond Ronocrystalline semiconductor 

region s1de, 

bonding the surface of a aeabcr of which tho 

ou~tace is !ormed of an insulating sabstance onto the 

surface of the region constituted of the insulating 

15 subatanoe, and 

removing the porous aonocrystalllne 

semiconductor region by chemical etching. 

The semiconductor member of the pre&enl 

1nven~ion has a monocrys~alline semiconductor region 

20 whP.r~ carrier life time 1• long and the defect ia 

ext:-eael.y little on an insula\..lng material with 

excellent uniformity ot thickness, and is applicable 

~n various seaieonductor devioes. Also, the 

ae•iconductor member u! the pr&sen~ 1nvent1on 1s 

2S capable of hlgh speed ~Asponse, and is applicable to 

se•iconduct:or devioco rich in reliability. Tb~ 

.. . .. . . .. . . . . . . .. 
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sem1conduclur ~ember of the prcacnt inven~ion can be 

also an alternatlve for expensive sos or SIHOX. 

The process for preparing a semiconductor 

member Of ~he pre~ent invention provides a proce89 

excellent in aspects ot product1V1ty, uniformity, 

controllability, economy in obtaining an Si crystal 

layer hav1ng crystall1n1ty equal to aonocryat~lline 

wafer on an fn9ul~ting aater1al. 

Further, according to the proceaa for 

preparing a semlcondu.c~or member o! th..:r present 

invention, it is possible to provide semiconductor 

aeJRbera whe~ein the 4dvantageo of the SOI device of 

the prlor art can be realized and applied. 

Aleo, according to the present invention, 

15 lber~ can be provided a proces:. for preparing a 

aeaiconductor member whlch can be an alternative tor 

CKpcnoive SOS or SIHOX also in preparing a large scale 

integrated circuit o! SOI atr~cture. 

The process for preparing a sea1conductor 

20 aoabcr of the prcacnt invention, as ie described in 

de~a11 1n Examples, makes 1t possible to perform the 

treatment efficiently within a short t~P.. and iR 

excellent in it~ productivity and economy. 

Reterr1ng now to s111con as an example ot 

2S semiconductor materials. the present invention is 

described in det•il, but the aemiconductor material in 

. . .. . . . . . . 
• . . . .. 
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1 
the prcocnt invention is not liaited to silicon at 

all. 

In por~u9 Si layP.r., according to observa't1on 

by tranamiasion elect~on aicroocopy, porco with 

41ameters ot about 600 angstroms on a.n •v~r~ge are 

foraed, and despite the fact that their density is 

half or lower ae compared Mith monoerystallinc 

s1l1con. aomocrystall1n1tY 1s maintained. Monocrystal 

rafera to a cryatallino aolid auch that, when calling 

10 attention ou an optioAal crystal axis, its direction 

ls 'the sam.e at any part of 'the sam.ple, and the porou.s 

layer used in the present invention, although having 

por~~ therethrough, the crystal axis 1n the 

crystalline rP.gion is the same in the directio~ at a.a.y 

1 ~ p~rt, thu3 being aonocry~talline. And, epitc:axial 

groKth ot a aonoorvstalline 51 layer onto the porous 

l.ayE'!r is possible. However. at a teaparature of 1000 

0 c or higher, rearrangement of the atoaa poaitioned 

around the inner pores takes place. whereby th• 

20 characteristics of_ accelerated chemical etching say be 

ooaetiaes impaired. For this reason, 1n the present 

1nven~1on. tor epitaxial grnwt~ of Si layer. there may 

he suitably used the crystal growth method capable ul 

low teaperature growt.h such as molecular beam. 

2 s ep 1 taxi al growt'h , p las:ma CYD, low preeeu.re CVD aethod, 

photo CVD, bi~a-apu~tering method, 11~~1~ phase groW1:h 

1111i1iinr 

. . . . 
. . . 
. ... 
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l 
method, etc. 

Since the porous layer h~s a ]ArgP. amount of 

vvid~ formed internally thereof, ite density can be 

reduced to half or lower. As ~he result. ~he surtace 

5 
area pe.r unit volu.aa (cpecific aurface area) can be 

drama~lcally increased, and t.here!ure it.a <:he.a1cal 

etching rate is remarkably accelerated as compared 

with thQt of the etching rctc of conventional non-

porous monocrystalline layer. The present invention 

10 utilizes th& two above-•entioned characteristic& of 

the semiconductor as made poroua, naaely the fact that 

single crvstall1n1tY ls iaa1nta1ned an~ a non-porous 

••aicondueto~ aonocryatal can therefore be epitaxially 

grown on the semiconductor substrate as made porous, 

15 and the fact that etching rate is remark~bly mor~ 

:>.o 

rapid aa compared with non-po~ou.a aonoeryatal, whereby 

a non-poro~s sea1con4uc~or monocrys~all1n~ layer ot 

high quality can bP. forMed on a substrate having an 

insulating aQtorial surface within a short time. 

The porous layer can be more readily foraed on 

a P-typ~ Si layer than an H-type Si layer for the 

following reason. First, ~ porous Si was discovered 

by Ohl1r e~ al. in the research p~oeess of 

Al.ec1:rolytic polishing of-ee•icoAductor in 1956 (A. 

2 5 t1hlir, Dell Syst. Tech. J. , vol 3~, p. 333 ( 1906) J • 

Un~gaai e~ al. studied ahnu~ the dissolving 

. . . . . ... 
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reaction of Si in anodization, and has repor~ed that 

positive holes are necessary for the anodic reaction 

of Si in an HF solution, and the reaction is as 

follows (T. Unagami, 3. Electrochem. Soc., vol. 127, 

p. 476 (1980)). 

Si + 2tH' + (i-n)e+ -7 SiF
2 

+ 2H+ + ne 

SiF
2 

+ 2HF ~ SiF
4 

+ H2 

Si.F 4 + 2HF ~ H2S1F 6 

or 

Si + 4H~ + (4 - A)e+ ___,. SiF
4 

+ 4H+ + Ae 

SiF4 ~ 2HF ~ H2SiF6 . 

+ -Here, e and e represent a positive hole and 

an electron, respectively. n and A are respectively 

nwabera of positive holes necessary for dissolving one 

lS atom ot silicon, and it has been postulated that 

porous silicon is formed when satisfying the condition 

ot n > 2 or A > 4. 

For the reasons mentioned above, the P~type 

silicon in which positive holes exist will be more 

20 readily made porous than the H-type silicon of the 

opposite characteristic. Selectivity in such pore 

structure formation has been ve~ified by Nagano et al. 

(Nagano, Nakajiaa, Yas~no, Ohnaka, Kajiwara; Denshi 

Taushin Gakkai Gijutsu Kenkyu Hokoku, vol. 19, · sso 79-

25 9549(1979)) and Imai, (K. Imai; Solid-State 

Electronics vo1. 24, 159 (1981)). However, depending 
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1 on the conditions, the N-type s1l1con can be also·made 

porous. 

Referring now to the drawings, th«= prc::aent 

inven~1on 1s descr1bed in acre detail. 

5 Kabodiment 1 

Des~rlplion is aade about the process tor 

obtaining a seniconducto~ substrate by making porous 

all of a P-typc oubetrate and pcraitting a 

monocrystalline layer to be epitaxially grown. 

10 A• ehown in ~ig. 1A, first a P-typc Si 

aonocryo~alline aubatrate 1$ provided, and all ot lt 

is made porous. According to the crya~Al growth 

method cap•bl• of low teaper~ture growth a~ mentioned 

ebove, epitaxial growth i.s ettec'ted on 'the substrate 

~5 surface as made porous to fora a thin film 

monoorystallinc layer 22. The above P-type ~i 

s~b~trate is made porous by the anodization method by 

use of an HF solution. ~he porou~ Si layer 21 cau be 

varied in ita density to A raage uf 1.1 ~o 0.6 g/cm3 

20 by varylng ~he HF solu~lon concen~ration to 50 to 20~ 
. 3 

as co•pared with the density 2.33 g/ca of the 

Subsequen~ly, as shown in ~19. 1B, by 

providing another Si aubotrate 23 and after forming an 

26 oxid~zed layer 24 on 1ts surface. ~he 51 substrate ~3 

havlng ~he oxidized lay~r 24 on the •~rfacc is bonded 

ii1iii1iior 

• . . . . . . . . . . . 
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1 onto the surface ot the monocrys"talline layer 22 on 

thP. porous Si .9ubstrate 21. Then, as shown in Fig. 

lC, the porous Si subalrate 21 is all etched away to 

torm a ~hin t1lm-iike aonocrystalline silicon lay•r 22 

5 remaining on the Si02 layer 24. In the present 

invention, since ~he porous semiconductor layer is 

etched away without application of the oxidation 

treatment on the porou:s aemiconductor l~yer, the 

ox1dat1on swell1nq ot the porous semiconductor layP.r 

10 can be prevented, whereby the influence of distortion· 

on the monocrystalline layer as epitaxially grown can 

oe prevented. According to this method, the 

aonooryetaliine 6.1 layer 22 equal to silicon wafer ln 

crystallinity 1s termed flat and yet unltormly thinly 

15 over the whole wafer region with a large area on the 

20 

oxidized 61 layer 24 which io o.n 1n$\Lla.U . .ug Jlla"ter1al. 

Tbe semiconductor substrate tbus obtained can be 

suitably used also wit~ respect to prepilration of an 

inaulation •eparated eleclronic device. 

Here. the thickness of the non-porous 

seaieonductor c.zoyet•llinc layer to be toraed ou lhe 

porous semiconductor subs~rate may be desirably made 

~referably 50 ~· or less, aor• preferably 20 µm or 

lee•, tor fozoming a thin film semicunduc~or device on 

25 the above seaiconducTor monocrystallin• layer. 

Bonding between tho above non poro~~ 
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l seia1conductor monocrystal and t'he substrate having the 

ln9ulating material surfaoe ohould be preferably 

performed in an ataoHphere ot nitrogen, an lner~ gas 

or a gas aixture of the$e, or in an atmosphere 

6 containing <in inert gao or nitrogen, and !u.rllu~r 

desirably under heate4 atate. 

As th@ etchant for selectively etching the 

above eeaiconduetor aubatrate a$ m~de porous w1~h the 

above non-porous sea1conductor monocrys~alline layer 

10 as bonded onto the a~batr4te hGving the in~ulating 

material surface being lef~ ~o remain. tor example, 

there aay be employed etchants such a• aqueou• eodiua 

hyd~oxidc ::solution, aqueous potaaaiwa hydroxlde 

30lution, hydrotluor1c ac1d-n1tr1c acid-acetic ~cid 

15 mixP.d solution, etc. 

The substrate having an insulatlng material 

wh1ch can be used ln the present invention aay be one 

with at least it• aurfaoe being constituted of an 

ins~leting material, or oRe w1th all ot the substrat~ 

20 beino constituted of an insulating material. Extllltplea 

of the subetrQtC with the surf~ce b~lng const1~Uted ot 

an 1n~ulat1ng material may include mnnocrystallina or 

polyc.rystalline silicon substrate~ having the surface 

oxidized, cloctroconductive or ~ea1con~uct1Ve 

25 substra\.es havina a layer. of an jn!'l1tla1:ing material 
) 

sucn as oxide, nit.ride, boride, etc. foraed on the 

.. ,. 
• .. . 
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1 surface, etc. Specific exalllples of the substrates 

wholly constituted of an insulating material may 

include substrates comprising insulating materials 

such as fused silica glass, sintered alumina, etc. 

s Meanwhile, in the presen~ Embodiment l, an 

example of forming a non-porous semiconductor 

monocrystalline layer on a porous semiconductor 

substrate has been shown_. but the present invention is 

not limited only to the mode ot the Embodiment l .as 

10 described above, but a porous semiconductor substrate 

having a non-porous semicond~ctor monocrystalline 

layer aay be also formed by applying a pore forming 

treatment on a substrate having a aonocrystalline 

layer comprising a material which can be aade porous 

15 with difficulty (e.g. N-type silicon) and a layer 

comprising a material which can be readily aade porous 

(e.g. P-type silicon). 

Also, in the step of removing the porous 

semiconductor substrate by etching, the substrate may 

20 be also coated with an etching preventive material 

excep~ for the porous aeaicouductor substrate during 

etching, so that the non-porous semiconductor 

monocrystalline layer and the substrate having ~he 

insulating material surface may not be deleteriously 

25 influenced by the etchant. 

The non-porous aonocrystalliue layer on the 

This Sheet Has Been R 1 

llll/1/1 /Ill/I m1 llJ)f 
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1 inaulating material thus formed can be one having S.O 

-4 x 10 sec. or longer in lerJD.S ot the 11te ~ime or 

carriers, having remarkably less crystal defect such 

&!l through cUalooation, otc. and a.l$O being exti.·e:mely 

S small in distribution ot the layer th1ckuess·ot the 

semlconductor •onocrystalline layer. Specifically, 

the dialoo4tion defect den$Jty become$ 2 x 104/ca2 or 

less, and concerning the layer thickness of the 

semiconductor aonocry•talline layer, within the r~ngo 

10, of the area of the aem.ic::cmductor m.onocrystall1ne layer 

froa 20 cm2 to 500 ca2 (2 inches waf~r to 10 inches 

wafer). the ditfercnae between the aaxiawa value and 

the m1n1m.wa~value of the th1cknesa or the 

eeaiconducto~ aonocrystalline layer can be suppressed 

15 below 10~ or 1000 based on the maximum value. 

tn the tollowing. other embodimenta are shown. 

Rmhod:h1ent 2 

R~ferring now to Figs. 2A to 2D, Rmbod1men~ 2 

is described in detail. 

2n First, ae shown in Pig. 2A, a low impu.r1ly 

concontratiun layer 122 1s formed by epitaxial growth 

according to various thin film growth aethod.a. 

Alt•.rna.tively, proton$ aay be iou implanted 1ni:o 1:he 

surface uf the P-'tne S1 monocrystalline su'bstra.t• lll 

25 ~o tor11 an H-type monocrystalline layer 122. 

_Next, as shown in Flg. 28, l:he back surface of 

•• • • • •• . • • ••• • . • .. ... 
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1 the P-type ao.nocryata.lline $Ub:::itt:r:·&t~ 121 is denatured 

10 

into a porous 51 substrate 123 according to the 

anod1zation methnd by use 0£ an HF eolution. Tho 

porou.o Si layer 123 ean be varied lu J.L~ de.nsl'ty l:O a 

range ot 1.1 to O.ti g/cm3 by varying the H~ Kolution 

concentration within the range of 60 to 20~ a~ 

compared with the deaaity of the .m.on.ocrystalllne Sl or 
:! l.33 g/cm • The porous layer. as described abovo, ia 

foraed on the P-typc oubatrate. 

As shown in Flg. 2c, by prov1d1DQ ano~her 51 

substr~te 124 and after foraing an oxidized layer 126 

on ite ~urfccc, the Si ~ubetrate 124 having the 

ox1d12ed layer 125 on its surface is bonded to the 

surface of th• aonocryetallinc Si layer 122 on the 

1~ poroue Si substrate 123. 

20 

Then. the porous Si substrate 123 is all 

etched to leave a aonoeryatallinc silicon layer 122 •~ 

thin !11• on the s102 layer 125, thereby forming a 

semiconductor substrate. 

According to thia proce*a• the aonocrvs~alllne 

Si layer 12.2 equal ·1n crystallini'ty to silicon waf•.r 

is formed on the oxidized·layer 125 whieh is an 

insulating material tu be fla~ and ~o be yet mad& 

un1toraly into thin laye~~ over the whole wafer region 

'5 wt~h a large area. 

The $e:m.1cuuductor subs'trai:e thus ob'tained can 
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1 be used euit~bly also with respect to pcep~rat1on or 

an insulation separated electronlc device. 

The above Xabod.iaa.nt: a ie an cxOlllple of t:he 

process ot forming an S-type layer on a P-type 

substrate before pore tormation. and then making 

selectively only the P-type oubstrate porou~ by 
... 

anodization. Also in the present EJl.})odlment. a 

semiconductor substrate having a semiconductor 
..... 

aonooryotalline layer with the aa:ae perforaancea aa 

10 gmbodiment 1 can be obtained. 

Eabodi:m.ent ~ 

Ae ahown in Pig •. 3A, flrat ~ P-type 51 

•onocrystall1ne substrate is prep«red and all of it is 

aade porous. According to veriou~ growth method~, 

15 epitaxial growth is ettected on the subatrate surface 

made porous to form a thin film monocryatalline layer 

12. 

As shown 1n Fig. 38, by preparing another Si 

subatratP. 13 and after foraing an oxidized layer 14 on 

20 ita surface, the 51 suba~rate having ~he oxidized 

layer 14 on. the sur·faca ts bonded to the surface of 

the monocryatallinc Si layer 12 on the porOU$ Sl 

aubs1:rate 11. 

Next, as shown in Fig. 3B. an· s13N4 l•yer 15 

25 is deposited to cover over the whole u! the bondea two 

silicon wa!~rs as the ant1-etch1ng film. 

• r r 
" '" , , . . 

•·r r. 
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i Su.bsequ.ent 1 y, aa shown ir& F .ig. JC, i:he Sl 
3

N 
4 

layer on 

the sur.t'ace O! t:he porous silicon 1"Ub91:rate is 

rAmoved. As another anti-etching fil.JD. material, 

Apiezon Wax may be alao e~ployed in place ot Si 3x4 . 

Then. ~he porous Si substr~te 11 is all etched and a 

. 

aonocryetallinc oilicon layer 12 made into a thlu !llm 

remains on the s102 layer 14 to for• a semlconductor 

substrat~. 

Pig. 3C shows a aeaiconductor aubatrate 

10 obtained 1n the present invention. More specifically. 

by removing the Si3H4 layer. 16 ao the anti-etching 

film in Fig. 3B, a monocrystalllne 51 layer 12 ot 

Whlch crystallinity is equal to that of bulk wafer is 

foraed through the s10
2 

layer 14 which is an 

15 insul.ating substance on the 51 substrate 13, flat and 

yet uniformly into a thin layer. over the whole wafer 

region with a large area. The som.icond~clor substrate 

thus obtalned can be used suitably also wjth respect 

~o preparation of a discrete ins~latcd eiectronic 

20 device. Alao in the present Kabodlnent. a 

semiconductor substratA having a semiconductor 

aonoe.ryatalline layer with the ~ame perfo1·aaaces as 

Eabodiaent 1 can be ob~a.1ned. 

Bmbod111ent 4 

25 Referring n<* to Figa. 4A to 4B, "the 

Eabodiaent 4 of the present 1nvent1on is described 

•• • . .. •• • • • ... • • • .. .. .. 
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1 below in detail. 

Firs~. as showa in Fig. 4A, a low i•purity 

concentration layer 112 ia formed by epitaxial growth 

according to various ~hin t1la growth methods. 

Alternatively, protons may be ion-iaplanted into the 

eu~taoe of the P·type Si monocry~tal11ne aub8trate 111 

to fora an N-type monocrystalllne layer 112. 

Hext, as shown in Fig. 4B, the back surface of 

the P-type monocrystalline sub~trate 111 is dena~u.red 

10 into a porous Si substrate 113 accoTding to the 

15 

anodization aethod by uo~ of an HF aolution. The 

porous S1 layer 113 can be varied 1n its dena1tY to a 

ranae of 1.1 to 0.6 g/cm3 by varying the HF eolutio~ 

ooncontration to 60 to 20~ as coapared with the 
3 density ot ~he aonocrystall1ne 51 of 2.33 g/c• . The 

porous layer 113. as described above, io foraed froa 

the P-type·subatra~e. 

AS shown in l'i.g. 4C, by preparing another Si 

substrate 114 and after forming an oxidized layer 115 

20 on its sur!a~e, the S1 su~s~rate 114 having the 

25 

ax.1d1Zed layer 115 on the surface ie bonded on the 

su~face of the aonocry5t&lline Si layer 112 on ~he 

porous Sl aubstrate 113. 

Here, as shown in Fig. 4C, &o the anti-etching 

fila 116, an Si3w4 layer 116 l~ deposited to cover 

over the whole of t:he bonded two silicon wafers as the 

' ' r , . ... 
~ . 
~ ... 

• 
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1 ant1-e'tch1ni:J tllm. SubaequAntly. as shown in Fig. 4C, 

the Si 3 N' 4 layer on the aurface of the poi.·ou:s isi l 1cuu 

~ubstrate is reaoved. As another ant1-etch1ng film 

116. a material excellent in etching resistance e~oh 

aa Apiezon Wax •~Y be aloo oaployed in place ul 5i
3

M
4

. 

Then, the porous Sl substrate 113 is all etched to 

form a eeaieonductor •ubstrata by retaining ~ 

aonocryatalliue silicon layer 112 aade into a thin 

t1la on the 5102 layer 115. Fig. 40 shows a Rubstrate 

10 having th• aeaicond.uctor layer obtained in the preaent 

invention. Th•l is, by reaoving the S13 N4 layer 116 

as the anti-etching fila 116 shown in Big. 4C, a 

aonooryat~ll~no Si layer 112 ia formed on the 510
2 

layer.11s which is the 1ns~latJng aaterlal. flat and 

15 yet uniformly into a thin layar, over the whole wafer 

region with a large area. 

The semiconductor thus obtained will not be 

deleteriously affocted by the etohant, and ca~ be used 

suitably also with respect to preparatlon or a 

20 discre~e 1nsulated electronic device. 

Also, the scaiconductor subetrate obt~lned in 

the present Embodiment has tbe same performances as 

that obtained in Eabodiaent 1. 

2abodJ.aen1: 5 

25 As shown ln Fig. SA, first. a P-type Si 

monocrystallinP- substrate i• prepared and all of ~t is 

r_ 
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l made porous. A thin t1lm monocry~talline layer 32 ie 

5 

formed by 4ffecticg •pitaxisl growth on the sabstrate 

surface made porous according. ~o various growth 

methods. 

Aa shown in Pig. 6B, by preparing another Si 

substrate 33 and atter forming ao oxld1zed layer 34 on 

11:8 surface, the Sj substrate 33 having the oxidized 

laye~ 3~ on the S\U"face 1~ bonded to tho a~rface oC 

the oxidized layer 36 rormed on the monocrystalline Si 

10 layer 32 on the porous substrate 31. The bocding step 

ia practiced by closely contacting the cleaned 

surtaces with each other, followed by heating in an 

inert gaa ataoaphere or nitrogen ataoephcrc. The 

oxidized layer 34 is formed 1n order to reduce the 

15 lnterface level of the non~porous aonocryatalline 

layer 32 whioh ie ~he final active layer. Aa ohown ln 

Fig. GB, an Si3M4 layer 35 1s deposited as the ant1-

e:tch1ng film. "to be coated on the bonded two •i.licon 

wafe.re AD c whole. Subsequently, a& shown .ln !'ig. :5C, 

20 the s1 3s 4 layer 35 on the surface ot the poroua 

ajljcon subat~ate 31 ia reaoved. Aa another anti-

ctchin~ fila material, Apie~on Wax, etc. may be also 

employed 1n place of Si3N4 . Then, all of the porous 

Si subetra:te 31 is etohed. to have the aonocryist~lline 

25 silicon layer 32 made 1n~o a thin fl!a remain on ~he 

Si02 layer. thereby fo~ming a seaic~nductor eubatra~e. 

•• r .. • •• • • • ••• • • • •• ..... 

ilUii~iUr 
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Fig. SC shows the substrate having the 

semiconductor layer obtained in the present iaven'tion. 

More specifically, by removing the s1 3H, layer 35 as 

the anti-etching film shown in Fig 68, the 

5 monocrystalline Si layer 32 equal in crystallin1ty to 

silicon wafer is formed through t.he 5102 layers 34 and 

36 on the Si substrate 33, flat and yet uniformly into 

a thin layer, over the whole wafer region with a large 

area. The semiconductor substrate thus obtained can 

10 be used suitably also with respect to preparation of a 

discrete insulated electronic device. Also, the 

semiconductor substrate obtained in the present 

Embo.dim.ent has the aaae perforaancea as that obtained 

in Embodiment 1 . 

15 Embodiment 6 

Referring now to Pigs. 6A to 6D, the 

Em.bodiaent 6 of the present invention is described 

below in detail. 

First, as shown in Fig. 6A, a low impurity 

20 concentration layer 132 ia formed by epitaxial growth 

according to various thin fila growth methods. 

Alternatively, the surface of the P-type Si 

monoc~ystalline substrate .131 is subjected to ion 

implantation of protons to fora an M-type 

25 Monocrystalline layer 131. 

Next1 as shown in Fig. 6B, the' P-type Si 
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1 monocrystalline substra~e 131 1s denatured trom thP. 

back surtace to a porous Si substrate 133 by the 

anodh!ation method with an. HP :solution. The porous S1 

layer 1~3 can bo v~ied 1n 1ts denslty in the range of 

5 1.1 to o.6 g/oa3 
by varying the H~ solution 

10 

concP.ntration to 50 to 20~ a3 coapared with the 

3 
doneity of the aonocryatall1ne 51 of 2.33 g/c• - The 

porous layer. as dP.scribed above·, io for1ted froa the P-

type substl."ato. 

As shown 1n.F1q. 6C, by preparing another Si 

substrate 134 and aft•r forming an axidized layer 13~ 

on its surface, the Si a~strate 134 bav1ng the 

oxidized la~er 136 1s bonded onto th• surtaco of the 

oxidized layer 137 formed on ~he aonoc:yst&lllne 51 

15 layer 132 on the porous Sl substrate 133. 

Subsequently, as the anti-etching fila 136, an 

st
3

M4 l•y•r 136 i3 deposited tu be coated on the 

bonded two atiicon wafers as a whole. Then, as showA 

1n Fig. 60, the Si3 N4 layer 136 on the surface ot the 

20 porous eilicon aubatrale 133 19 reaoved. Then the 

Z5 

porous Si substrate 131 :f" all chuioally etched to 

bave a aonncrystalline silicon layer made in~o a thin 

f i la reaain on the ~Ho2 layers 135 and 13'1, thereby 

foi.·•illg a· semiconduc:toT' substrate. 

The •••ioonductor aub~lra~e thus obtajned is 

excellent in adhc~ion between the respective layers, 
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1 and can be alRn 11sed suitable also with re.speet to 

pr•paration of An iaolGtion sep~raled electronic 

deviee. Also, the sem1conductor substrate obtained in 

the present E•bodim~nt baa the aaae performances a~ 

6 that obtained i~ Babod.iaent 1. 

lb1.bod1aent 7 

Atl shown in J't.g. 7A, fi:s:at:, a P-type 51 

aonocry•talline ou~slrate ls prepared and all of it Js 

aade porous. According to various qrowth methods, 

10 epi~•xial growth-io effected on the s~bstrate surface 

aade porous to form a thin fila ~onocrystalline layer 

42. As shown in Pig. 78, 'by prepcar1ng another 51 

substrate~43 and ofter forain~ an ox1a1zad layer'' on 

it.s aurtace, tbe Si substrate 43 h•ving the above 

15 oxidized layer 44 on the surface ls bonded onto ~he 

surface of the ~id1zed iayer 45 foraed on the 

monocrya~alline Si lftyer 42 on the porouo Si uubstrate 

41. Thia bonding Gtep is practice~ by closely 

contacting cleaned surfaces wi~h eaeh other, followed 

20· by heatJnq .1n an inert 9'•• a~aoephere or nit:rogen 

at•nspher•. The oxidi~ed layer 44 1s foraed in o~dor 

to red~ce the intertace level of the aouocry~talline 

layer 42 whi~h is the active layer aa ~he f inaJ 

A4•iconduotor. A3 shown 1n ~1g. 7~, the porous 51 

26 eubstrate 41 1S all etche.d to have the 11tonoc.:rystalline 

silicon layer made iftto a thin !lla on ~be s10
2 

layers 

• 

• •• • • • • •• 
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. 1 44 and 45. thereby forming a semiconductor subo~rate. 

Ilig. 7C ahowe the oclliconclu.etor aub$tt·•l~ obtained ln 

the pre$e.nt invention. 

A aonoc~ystalline Si layer 42 equal in · 

5 c:i.-yatalliuit:y to ailicon wafei.· .h• for:m.ed 'through the 

s102 l•yers 44 and 45 on the Si substrat• 43, flat and 

yet uniformly into a thin layer, over the whQle water 

region with a large area. The se.uconductor substrate 

thus obta1ned can be also used suitably clao as seen 

10 from the standpoint of preparation o! an lsolation 

15 

eepGrated electron dev1ce. ~lso, the aemiconductor 

aubs~rate obtained in the present eabodiment has the 

~aae perforaanoes Ao th•t obtained 1D g•bodiaent 1. 

BJl.bodiment 8 

Referring now to Piga. 8A to 8D, the 

Kabcdiaent 8 of the pre~ent 1nvent1on is d@scribed 

below in detail. 

Pirst. aa eho•n in Pig. 8A, a low 1apur1ty 

concentration l~yer 142 ls formed by epitaxial growth 

20 ac<::ord1ng 'to vario~s thi.n fila growth methods. 

26 

AltA~natively, the aurface ul the P-type Si 

aonocryatalline substrate 141 ~s subjected to ion 

implan~atlon of protons to for• an K-type 

aonocryatallino layer 142. 

.Next, as shown .in i'ig. SB, the P-ty-pe Si 

monocrystallina subst:ra~e 141 is denatured from ~he 

. . .. . . .. . . . .. 



. . . . 
t' • • • 

- 41 - r ,. • • • • . . 

1 back surface ~o ;a porous Si substrate 143 by the 

anodi%ation aethod with an HF sol~tion. The porous Si 

layer 143 can be varied in lts density in th• range of 

3 
1.1 ~o 0.6 g/cm by varying the HP ~olut1on 

s· concentration to 50 to 20~ as coapared Wlth the 

3 density of the aouocrystalltne Si of 2.33 g/ca • Tho 

' porous laye~. as d••cribed above, ia tormed on ~he P-

type substrate 141. 

AS shown in FJg. SC. by preparing ano~her 51 

10 substrate 144 and af~er foraing ~n oxidized layer 145 

on its eurfac~, the 51 substrate 144 having the 

15 

ox1d1zed layer i45 is bonded onto the surface o! the 

oxidized. layer 1-16 form.ed c.m the JlOn.ocrystalline Si 

layer 142 on t.he poroua Si substrate 143. 

Then the porous Si ~ubotrate is all chemlcally 

etched to have a aonocrystalllne s111con layer aade 

into a thin film remain on the s10 2 layers 145 and 

146, thP.reby foraing e ae•iconductor substrate. 

Pig. 6D shows the sea1ccndu~tor subatra~e 

20 obtained 1n the p~e~ent 1nveDtion. A monocrystalllne 

26 

Si layer 142 equal in cryalall1n1tY to Silicon wafer 

ia foraed through the s102 
layers 1"5 and 146 on tlle 

51 substrate 144, flat and yet uniforaly 1nto a thin 

layer. over the whole wafer reg1on wit'h a large area. 

The seatconductor t'llbstrate f:hus obtcained can 

be also used auit:ably aloo with respec"t to prepara'tion 

111iiililimr 

. . . . . . . . . . ... 
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l or an isolation separ~ted electronic device. Also, 

th• •••icondu.otor oub~t.re.te obtained in the p1:e$ellt 

Rm.bodbienl has the sam.e performances as that obt:ained 

in Embodiment 1. 

5 Rabodiaent 9 

As shown 1n Fig. 9A, f1rst, a P-typP- Si 

monocrystalline substrate is prepared, 4nd all of it 

is aade poroua. According tu various growth me~hod.S. 

epitaxial growth 1s effected on th& surface of the 

10 subRtrate 51 made porous to fotm. a thin film 

aonocryatalline layer 52. 

As sh.own in Fig. 98, a light-tranaai3sive 

substrate s3 represented by glBAo .1is prepared and the 

light..:..tram•aiaaive substrate 53 is bonded onto the 

15 surtace or the aonocryatalline Si layer 52 on the 

porous Si eube~rate 51. 

Here, as shown 1n Fig. 9B, as th• anti-etching 

~1la 54, an Si 3N4 layer 5( is depooited to be coasted 

on the bonded two aubatr«tes as a whole. 

20 Subsequ.ently, as s}J,own i.n Fig. 9C, the s1
3
n

4 
layer 54 

Ori the .SU!"face Of the porOU$ s.iliCOU .SUbsrrate 18 

removed. Then, the porous Si substra~ft 51 is ail 

etched away ~o have a •onocrystalline silicon layer 52 

aade in~o a thin f ila re•ain on the l1qh~-tranA•issive 

25 subetr4te S3, thereby torm1ng a Aemiconducor 

subatrate. F1g. 9C ~hows the semiconductor substrate 

.. . . . . . . . . . . . . . .. 

-·-1 · 
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l obtained in the present invention. 

The semicooductor ~Ub$lr•te thus obtalne4 can 

be also used suitable also as seen from the standpoint 

of preparation of an electronia device iaolation 

5 aepaJ."atcd with a light-tran~mlss1ve insulating 

material. Also, tne semiconductor obtained in tbc· 

present Embodiaent bas the saae performance~ as that 

obtaiDed in Babodiaent 1. 

Embodiment: 10 

10 Refe~ring now to Figs. lOA lu 100, the 

Kabodia~nt 10 o! the present lnvention is described 

below 1n detail. 

Pirat, a.a eh.own in Fig. lOA, a low impurity 

concentration layer 152 ls formed by epitaxial growth 

l:S accordlng to various thin film growth met.bods. 

20 

Alte~nativoly, the ourt•ce ot the P-type Si 

aonocry~tall1ne substrate 161 is eubjected to ion 

implantation of proton3 to form an K-type 

aonooryatalline layer 1~2. 

Next. as shown in Pig. lOB, the P-type 51 

:monocrys'talline a·'l.lbetrate 151 1:s denatured from the 

back eurface.to a porous ~l subs~rate 1&3 by the 

anodiza~1on method with an HP solution. The porous Si 

layer 153 can. be varied 1u its 4ens1ty in the range of 

25 1.1 to O,G g/ca3 by varying the HF solution 

. . ... . . 
• • • I . . .. 
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l d~n~i ty of the :m.onoery$tCLllln~ 51 or i. 33 g/cm. • Th.e 

porous layer 1~3, as described above. is formed on the 

P-~ype substrate 151. 

Aa shown in Fig. lOC, atter preparing a light­

s ~ransmiseive substra~e 154, onto the surface of the 

aonocrys~alline Si layer 162 on the purous 51 

~uh•trate 163 13 bonded the 11g~~-transaissive 

. . 

substrate 1S4. Then. as shown in Fig. lOC, as an an~1-

e~ch1ng film 165, an s13H4 layer, etc. ls deposited to 

10 be coated on the bunded two substrates as a whole. 

Subaequantly, as shown in Fig. lOD. the Si3N4 layer 

155 on thP. •Ul."faoe of the porous s111eon substrate 153 

is removed. Then, the porous Si subst~atc 153 is all 

etched away to have tA• aonocryatalline silicon layer 

15 162 aade into ~ thin t1lm. rem.ain on the light-· 

tranaaissive substrate 1ft4, thereby foraing a 

oeaiconductor substrate. 

l'ig. 100 shows the se111.1conductor substrat.e 

obtained in the presan~ invention. It ls the 

20 ao.nocrystall i ne s.i layer 15 i equal 1n crystal l ini ty to 

ei ]_icon wafer formed on t:he 1 ight-tra.nsaisaivc: 

sub3trate 184, flat and yet uuiforaly into a thin 

l•yer, over the whole wafer req1on with a large area. 

Tbe ~eaiconductor substrate thu~ obtained can 

25 be_ •lao used suitably alao wi~h respect to pr•paration 

of an js01$.l1:ion ocparated electronic device tdtll a 

. 
. . . 
• . .. 
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1 light~~ransm1sslve 1nsulating material. Alao, the 

semiconductor $Ubstrat• obtained in the present 

Embodiaent h~s the same performances as that obtained 

in Babodlmen't 1. 

Baboc11:m.ent l f 

As shown in Fig. llA, tirst, ~ P-type Si 

aonocryatall1ne substrate· is preparod, and all of it 

1s made p~rous. Aooording to var.1ous groW1:h method.si, 

epitaxial growth lo ettected on the surface ot the 

10 oubatrate 61 aade porous· to fora a thin film 

monocrystalline layer. 62. 

As shown ln Fig. 11R. a light-transmissive 

eub:stra'te 63 represeu~•d by glass is prepared and the 

l1ght-tr.naaiesive aubatra'te 63 ls bonded to the 

15 .eur.faee of the monocrystalline Si layer 62 on the 

porous Si substrate 61. 

The~. the porous S1 auba~rate 61 is all etched 

to have the aonocryata\line silicon layer 62 mane into 

a th1n fllm. reaain. on the liglL't:-t:ransm.isaive substrate 

20 63, theJ:"eby forain9 a se11iconduetor substrate. 

Fig. llC ahnwa the ·ocaiconductor substrate 

ob~a1ned jn th• prosont 1qvent1on. It is the 

monocryetalline S1 layer 62 eq~al in crystall1n1ty to 

silicon water for•ed on the light-transmiRsiv• 

25 subs1:rattt 63, flat and ye't un1fol"111ly into a thiu 

layer, ove.r tlle wbole wafer region with a large a!"ea. 

. 
.. . . . 
• . . .. 
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1 The sem.icondu.ctor tbu.:s obtained can be also su.ii:.ably 

used also with respect to prP.paration of an electronic 

device isolation eep~r~ted with a light-tranSD.i$~lve 

insulating materlal. 

Bmbod1m.ent 12 

Raferring now to Pigs. 12A to 1ZD, lbe 

Babodiaent 12 of the presen~ invention is described 

below 1n detail. 

First, ae shown in Fig. l.2A, a low impurity 

10 concentration layer lti2 1s formed by epitaxial growth 

according to various thin fila growth m.e.thod:s. 

Alternative1y, the our!ace ot the P-type Si 

aonocrystall1ne substrate 161 ia subjeo~cd to ion 

implantation of protoce to fora an K-type 

16 monocrystalline layer 162. 

Next. as shnwn in Big. 128, the P-type S1 

•onocryetalline aubetrate 161 ls denatured from the 

. 
• 

back surface to a porous 51 substrate 163 by the 

anod1%a~1on method with an HF solution. The porous Si 

20 lay•r 163 can be .varied 1.n il:s denslty in the range of 

1.1 to o.e· g/ca3 by varying the HF solution 

concen~ration to so to 20% as co•pared wlth the 

d~nsity of the aonocrystall1ne 51 of 2.33 g/oa3 • The 

porous l~yer 163. as described above, is formed on the 

25 P-type substrate 163. 

. . .. . 
• .. 

A:. shewn 1.ri 1'1g. l2C, aft'ciu· preparing a light.-

• .. 
• • . . .. 
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1 t:ransm.1ss1ve substrate 164. nnto the surface of the 

aonocrystalline Si layer 162 on the poroua Si 

aubotrate 163 is buuded the l1ght-transaiss1ve 

substrate 164. As shown in Fig. uc. the porous Si -

s substrate 163 is all etched aKay to have the 

m.onocry:stall1n~ silicon layer 162 aade into a thin 

tllm remain on the light-transmisaive s~botrate 164, 

thereby foraing a acaiconductor aubs'trate. 

fig. 120 shows the s&aiconduetor substrate 

10 obtained in the present .invention. I1: is the 

• .. .. . . . . . . . . . ... . .. 

m.anooryotalline Si layer 162 equal 1n crystallinity ~o 

15 

silicon water formed on the light-traneaioGive 

substrat•~164, flat and yet unito~aly 1nto a thln 

layer. over the whole water region with a large area. 

The selliconductor substrate thuc. obtained can 

be 1111-.ao used eu..it:;:Lbly •lso wit.h respect to preparation 

of an isolation separated elec~ronie device with a 

light-transaissive insulating aatcriel. Also, the 

SP.aicondu.c~or oubatrete obtaine4 ln the p~esent 

20 Babodiment has ~he same performances as that obtained 

in bbo.d1J11ent 1 . 

R•bodiaent 13 

This Emboa1•en~ is described by ref~rr1ng to 

Flqs. 13A to 13r. Ao ehown in Fig. 13A, ff~st a 

25 po~ous region 1301 ls toraed on a part of an Si 

mo~ocry¥tall1ne substr~~e 1300. Sub~equently, a tn1n 
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l ll . 1 1•02 .Lis eor-ed accor~1nn t fi • Si aonocryote 1ne ayer v ~ - ~ 

s 

to various crystal growth methods on the porous region 

1301 (Fig. 13B). On the thin fil:m Si J1Lonocry:1talline 

layer 1302 is foraed an oxidized Cila 1303 {F1Q. 13C}. 

Th~ ox1c11zed. 1'.1lm 1305 formed on the suzcface 

ot another Si anbstrate 1304 is bonded to the above 

oxidized fil• 130~ (Pig. 130). 

Subsequently. the Sf monocrystalline substrate 

1300 ~emain.ing without being a~de porous 1s removed by 

10 aechanioal pol!ah1ng or etchlng to have the porous 

region 1301 expased (Fig. 13&). 

The porous re~ion 1301 is etched away ~o fora 

a semiconductor subs~ra~e having a thin fila Si 

mouocrystalllne layer on an insulating m.ater1al {81g. 

15 135"). 

When such atep js employed, the time required 

tor making the 9ubetrate porous can be shortened and 

also the ti:m.e tor etching away the porous Si subatrate 

can be shortened. whereby aubs~rate fora~tion can be 

20 effected highly etficiently. 

It. is •lso posslble f"o bond the .thin film 51 

aonucrystall1ne l~yer 1302 directly ·~o the oxidized 

f 1111 1305 without fora.tug t:he 0Xldi2ed film 1303 ahown 

in Fig. 13, ~nd 1t 1s also possible to bond an 

26 insulating substrate such as gl~ss, etc. Jn place of 

thA oxidized fil~ 1305 toraed an the Si aubst~6te 

. .. 
• . . 
• ... 
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1 1304. 

Also, the respective steps in the E~bodiments 

1 to 12 can be ~l~o 1ncorpor~ted in the pre~ent 

Embodiment. 

5 
The aemiconductur sUbstrate ~hus obtained has 

tho .ea.m.e excellenl: perfor!llancos a:s those of lhe 

semiconductor substrate obtained 1n Embod1menta 1 to 

12. 

10 

15 

20 

25 
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1 example 1 

A P-type (100) monocryatalline Si su.bstratP. 
(~i "ater) having a dia•eter of J inches and a 
th1ckne~$ of 200 microus was anodi2ed in a SO% H~ 

5 9olution. The current density at thi~ ti•e was ioo 
aA/cm2 . The poroQs structure formation rate at thi~ 

10 

15 

time was 8. 4. µ111/11.in. and the P-type ( 100) Si substrat.e 
having a thickness of 200 •iorons as a whole was made 
porous ln 24 ainuteo. 

On the P-type (100) poroua Si substrate 21 was 
grown an 51 epitaxial layer to a thickne3s of O.S 
aicronA by the HBB (Molecular Beam Rpitaxy) aethod. 
The depoo~tion cond1t1ons ~re aa follows: 

Te]IJ)erature: 100 °c 
-9 Preeoure: 1 x 10 Torr 

Growth rate: O. 1 nm/ ae.o . 

Next. on the surface of ~he epitaxial layer 21 
wa!l sup•l:'pooed auot.l1er Sl substrate 23 with an 
oxidized layer or sooo angstroas foraed on the 

20 ~urtace, and by be~ting in a nl~rogan atmosphere at 
800 °c for ·o.s hour, the twn Si aubotrates were bonded 
firmly tcgether. Then, tho porou~ Si substrate ll waa 
chemically etched away by use or hydrofluoric acld­
ni tric acid~•cetic acid solution (1:3:8). 

26 As desc?-.ibed above, che:m.1cal etching rate of 

.. 

ordinary Si aonocrys\~l relativP. to hydrof luur1c ac1d-

1iiii~Hrr1r 

• 
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1 ni'tric acid-.:l.Cetic ca<;.id SOlU~lOn :IS about a little 

lower. than l micron pe1" minu.te (hydrofluoric acid-

n1~r1c acid-acetic acid solulion, 1:3:8), but the 

ch~mical etching r~te ot a por~us layer i8 accelerated 

5 by about 100-rolQ ther~of. That is, the 51 sub~trat& 

21 made porous. having a thickness ot 200 aicrons wa:s 

Thus, a monocrystalline Si layer 22 having a 

thicknP~s of 0.6 µ• co~ld be formed on the Sio2 layer 

10 24. 

Also 'th~ thieknc~s of tl~ monocrystalline Si 

lav~~ obtaiued wQ~ exdmineQ by use of Scanning 

Ellipsometer. specltically, the whole aur!ace ot the 

3 inches wa.fel" was scanned tor the measureinent. As 

15 the regult, within the plane of the 3 inoheo wafer, 

the diff~rence between the aaximum val~e and the 

m1n1awa. v~lue of the thickn~ss of the •onocryst~lline 

Si layer was fou.nd t'O l>e suppress•d 6f' or le'S:J 

relative ~o the maxiaua value of the thickness. Aa 

20 the resulr of plan vie~ Qboervat1on of the 

•onocryetnlline 51 layer by tran.s•i~sion electron 

aicroscopy, ~he dislocation defect denslty was found 

t:o be. suprres•ed 1 x io3 /cm·2 or less, whereby 1 t could 

be confirmed that no new erystal defect had been 

25 int:roduced 1n thtt •oa.ooryete.ll.1ue S1 layer foraat ion 

a~ep to •~intain good crys~all1n1ty. When the life 

i11ii1iiur 
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l time u! minor1~y carrlers was measured for ~he 

5 

monocrystall ine Si layer by use of the MOS C··t method, 

a high value of 2.0 x 10-3 se~. was exhlb1ted.. 

~xa111ple Z 

A P-typP. (100) aonocryatallinc Si substrate 

having a. di&Jaeter of 4 inche::s and a ~h1ckness or 500 

wi<:.rom:> was anodized in a 501': HJi' solution. The 

current d~nsity at this ti111.e was 100 111A/cm2 • The 

porouo structure fo1·.11.~t ion rate a"t "thls time was 8. 4 

10 •im/min. and ~he P-type ( 100) Si subs ti-ate having a 

thiclcnP.$8 of 500 aiorono as f1 whole w1:t~ aade porous 1n 

60 min.ute:s. 

15 

20 

25 

• . . . 
• . 
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On the p-typP. (100} porous Si sub$tra~e Zl waR 

grown at low teaper~turc an Sl ep1taxlal layer 22 to a 

thickness of o.5 microns Dy ~hP. plas~a CVD method. 

The depos1~1on conditions arc &3 follows: 

Gas: SiH4 

Rad!o trequency pnwer: 100 W 

Temper~ture: aoo 0 c 

Pressure: l x 10-2 Torr 

Growth rate: 2,5 na/sec. 

Mex~. on the o~rface of the epitaxial layer 22 

was l'\Uperposccl another 51 sut>strate 23 with an 

ox1dized~layer 24 of 5000 ang3tromo !ormed on the 

~urtace. and by heating in a nitrogen ataosphcre at 

100 °c for 0.5 hou.r, t:he twn Si subotrates were llonded 

. -------· -~--------------~-

-----------~---------
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i firmly togethP-r. Then, the porous Si substrate 21 was 

cheaioally etched away by uae of hydruf luoric acld-

nl tric acid-acetlc acid solution (1:3:8). 

As n~scribed abov•, cheaioal etching ~ate of 

5 ordinary Si aonocry~tal relative lu hydrotluorlc ac1c-

nitric ~cid-acet1c acid solution is ~bout a littl• 

lower than l micron p•r ainute (hydrofluoric acid-

nitric acid-acetic acid solution, 1:3:8). but the 

chemical etchlng rate of a pnrous layer is aocelcrated 

10 by abou~ too-fold thereof. Tnat 13, the Si ~ubstra~e 

21 made porous having a thlckness or 500 •i~rons w~ 

removed 1n 5 minutes. 

Thua, a aonocryotalline Si layer having a 

thickness of o.s µa could be tormed on the Sio
2 

layer 

15 24-. 

20 

Also the thickness of the aonocrya~alline Si 

l~yer obtained was examined by u~e of Scanning 

Bll1psoaeter. ~pecifically, the whole surface ot the 

4 inches wafer wa3 scanned for the •easureaent. Aa 

the result, with1n the plane nf the 4 inohca wafer, 

the difterence be~ween the •axiaua valu~ and the 

aini•WL value of the thickness or the m.onoerystalline 

Si leyer w .. rou.nc1 to be silppresaed 7~ or less 

re1a~1ve to ~he aaxiawa value of the thickness. As 

25 ~he result o1 plan view o~servat1on of the 

•onocryotalline S1 layer by ~ransm.1ssion electron 



1 aicroacopy, the dialoc:at_ion defect dtm:dty was tound 

to be suppressed l x 1031ca2 or less. whP.reby it could 

be confirmed that no new crystal defect had been 

in1::roduoed in the monocryst&lllue 51 layer formation 

s atep tu maintain aood crystallinity. When tho life 

10 

time or minori~y carriers was meaaured for the 

aonocryetalline Si layer by u~e of the MOS G-t method, 

-3 • high value ot 2.0 x 10 ser:. was exhibited. 

ExamplA 3 

AP-type (100) monocrystalline Si substrate 

(Si water} having a dia•eter of 3 inohe~ and « 

thicknAss of 200 microns was anodized 1n a 50~ HF 

solution. The current density at thtR tiae was 100 

aA/cmz. The porous structure for•ation rate at thiG 

15 time was 8.4 µa/ain. and the P-type (100) 51 substrate 

· having • thicknesa ot 200 microns as a whole was 11.adc 

porous ln 24 minutes. On the P-type (100) porous 51 

subfttrat• 21 wao grown an Sl epltaxial layer 22 tc a 

thickness ot o.~ alcrons by the bias-sputtering 

20 Method. The depositioD OoDditions are as tollowa: 

25 

RF frequency: 100 MHz 

Rad~o ~requency power: 600 W 

Tempel'"lltttr•: 300 °c 

Ar gas pressure: 8 x l0-3 Torr 

Growth ~1ae: 60 •imites 

Target' direct ourz-ent biaa: - 200 v 
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Subetrato direot current bias; 1 S V. 

Next, on the surface ot the epltaxial layer 22 

was superposed another Si subsTra~e 23 with an 

oxidized layer 24 of 5000 angstroms foraed on the 

s surf.ace, and by heat1.11g in a nitrogen ataosphere at 

800 °c tor O.~ hour. the two Sj substrates were bonded 

firmly togeth•r. Then, the poro~• Si oubstr~le 21 was 

chemically etched away by use ot hydrof luori~ acid-

n1tr1c acl·c1-ace'tic At:id solution (1:3:8). 

10 Aa deeoribed above, cheaic~l etchlnq ra~e or 

ordinary .S.1 monocrystal to h.y<1rofluoric ac1d-niti·ic 

ac1d-acet1c acid solution is about a little lower than 

1· micron per ainute {hyd1·otluoric ac1c1-nitrlc acid-

acetic ac!d solu~lon; 1:3:8). the chemical etching 

lb rate ot a. pornus layer is aaoelerated by ·abo~t 100-

zo 

fold "thereof. 'l'hot is, the 51 sut>a"tra~e 21 made 

porous having a thickness of 200 mic~ons was reaoved 

ln 2 ainut•s. 

Thus, a :mouocrystalline 51 layer having a 

tblckness or o.5 µa could be fo~aed on the s10
2 

layer 

24 • 

Kxaaple 4 

A ~-type (100) aonocryetalline Si eubatrate 

having a diaaeter of a inchea and a 1:h1cknass of 200 

2& aiorona wae •?odi~ed. 1n a 50X HF solution. The 

Gurrent density at this tJae was 100 mA/ca2 • The 

.. 
. .. ~ . 
• . 

·~. 
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1 porouo otructure fora•t1un rate at this ~ime was 8.4 

µm/Jll1n. and the P-type (100) Si subst:rat:e having a 

5 

10 

thickneaa of 200 miorono ao a whole wG~ made porou$ in 

24 minutes. 

On the P-type .( 100) porous Si substrate 21 was 

grown an Si epitaxi-al layer 22 to a thickness of O. 5 

microns by the liquid phase growth me~hod. The growth 

conditions are as follows: 

Solvent: Sn 

Growth ~emperature: 900 °c 

Growth atmosphere: H
2 

Growth tim.e: 10 ainutes. 

Hext, on the surtace of th~ epitaxial layer 22 

was superposed another Si substrate 23 with an 

16 oxidized layer 24 of sooo ~ngstroms ro~med on the 

surface, and by heating in a ni~rogen ataoephcre at 

800 °c for 0.5 hour, the two Si substrate~ were bonded 

firaly together. Then, the porous S1 aubs~~ate 21 waa 

che..icallY e~ched away by use of hydrofluoric acid-

20 ni~?ic acid-acetic aoid solution (1:3:5). As ~he 

rea~lt, the s1· s~bstra~e 21 •ade porous having a 

thiakneas Of 200·aicrons was removed in 2 minutes. 

Thu•, a aonocrys~allJne Si layer 22 hav1Dg a 

thickness ot Q.S µa could be formed on the sio
2 

layer 

25 24. 

Example 5 

' 
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A P-type (100) aonocrystalline Si substrate 

•• • • ••• .. 
•• 

having a diameter of 3 inches and a thiclc.ne&s of 200 

microns was anodized in a 50- HF solution. The 

2 
current density at this time wae 100 mA/ca • The 

5 porous structure formation rate at this time was 8.4 

µm/min. and the P-type (100) Si substrate having a 

thickness of 200 microns as a whole was made porous in 

24 ainutes. On the P-type (100) porous Si subs~rate 

21 was grown an Si epitax~al layer 21 to a thickness 

10 of 0.5 microns by the low pressure CVD method. The 

15 

deposition~cond.itions are as follows: 

Source gas: S1H
4 

Carrier gas: .H 2 

Temperature: 850 °c 

Pressure: l x 10-2 Torr 

Growth rate: 3.3 na/aec. 

Next, on the surface of the epitaxial layer 22 

was superp~sed another Si substrate with an oxidized 

layer 24 of 5000 angs'tronts formed on 1:he· surface, and 

20 by heating in a nitrogen at•osphere at 800 °c for 0.5 

hour. the two Si substrates were bonded f1rm.ly 

together. Then, the porous Si substrate 21 was 

ch.aa1ca.lly etched away by use of hydrofluoric acid­

ni~ric acid-acetic acid solution (1:3:8). As the 

25 result, the Si substrate 21 made porous having a 

~hickness of 200 microna was removed in 2 minutes. 

• •• • • • . ... 

11i1ii~1r 
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Thus, a aonocryatalline Si layer having a 

thickne.es of 0. 5 ti• cou.ld be formed on the 5i02 layer 

24. When ~1H2ci 2 was eaployed as the source gas, 

although it wa• neoeeeary to elevate the growth 

s tem.perture by $Om.e teu degree:., the acceier"ted etching 

characi:eristles lnherent in the porous auh$trat~ were 
... ·-

. . ~: .maintained. 

Exaap~: 6 

on a P-type (100) Si ~ubstrate 121 having a 

10 dia.et•r of 3 inoheo and a thickness of 200 microns 

15 

waa gro"fn ~n Si epitaxial layer 122 wl'th a thickness 

ot 1 aicron by thP. CVD method. The deposition 

conditions arc 40 followo: 

Rea~lJve gas tlow rate: 51H
2
c1

2 

H2 

Teaperature: 1080 °c 

Pressure: 80 Torr 

Time: :l •in. 

1000 SCCM 

230 l/min. 

The substrate 121 was anodized 1n a ~o~ HF 

20 •olution4 The current density •t this ti•• was 100 

aA/ca
2

• Thft porous str~ot'll'e foraation r•te a~ this 

tiae waQ 8.4 pa/min. and the P-type (100) 51 substrate 

121 havi.ug a th1ckneas of 200 aicroAs aa a whole was 

made porou• in 24 •i~utea. In thia anodJ.zalion, only 

26 ~he P-type (100) Si substra~e l2l was aade po~ous, and 

there waa no change 1n the Si epitaxial layer 122. 

f'C ,, .. • ftr .. • .. .... . . .. ...... 
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l Next, on the surface of the epitaxial layer 122 waa 

superposed another Si substrate 124 with an oxidized 

layer 125 of 5000 angstroms formed on the surface .. and 

. 0 
by heating in a nitrogen ataosphere at 800 C tor 0.6 

5 hour, the two Si substrates were bonded firmly 

10 

~ogether. Then, the porous 51 subs~rate 123 was 

chemically etched away by use of hydrofluoric acid-

nitric acid-acetic acid solution (1:3:8). As the 

result, ~he Si substrate 123 aade porous having a 

thickness of 200 aicrons was re•oved in 2 minutes. 

Also the thickness of the aonocrystalline Si 

layer o.btained was examined by use of Scanning 

Ellipsometer. As the result, within the plane of the 

3 inches wafer, the difference between the aaximWll 

15 value and the ainimwa value of the thickness of the 

monocrystalline Si layer was found to be suppressed 5-

or leas relative to the aaxiaua value of the 

thiclcnesa.. As the result of plan view observation of 

the monocrystalline Si layer by a transmission 

20 electron aicroscopy, t.he dislocation detect density 

was found to be ~uppressed 1 x 103 /ca2 or less, 

whereby it cou1d be confirmed that no new crystal 

de£ect had been introduced in the aonoorystalline Si 

layer formation step to aaintain g~od crystallin1ty. 

25 When the life tiae of •inority carriers· was aoasUJ:."ed 

for the •onocryatalline Si layer by use of the 
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1 a1crowave retlection method, a high value of 2.0 x 10 
-3 

sec. was exnibiLed. 

Exaapl~_! 

on a P-type (100) Si 8Ubatrate having a 

s diameter of 3 inches and a tbickness ot 200 a1crons 

wa~ grown an Si epitaxial l•y•~ 122 to a thiekn~sR of 

0.5 micron by tbe CVD method. The depaai~ion 

condition~ ~re as follows: 

Reactive ga~ flotf rate: SiH2c12 

H2 

1000 SCCM 

10 230 l/ain. 

Pressure: 80 Torr 

Time: 1 11.1n. 

The substrat~ was anodi2ad in a 50~ HF 

15 aolution. The current den31ty at this tiae waa 100 

aA/ca
2

• The porous st.ru.cture .toraa'tion rat"e at this 

ti•• was 8.4 µa/min. and the P-type (100) Si substrat& 

iz1 having a thicknesa of 200 aicrona &a e whole was 

aade porous in 24 a1nui:ea. ln this anod1:zat:1.on, only 

20 th• P-ty_p• { 100") Si substrate wae aa.d• p~oue, and 

there waa no change in the Si cpit~ial layer 1%2 • 

. Next. on ~he surtace ot the ep1tax1a1 layer 

122 wae •up•rpoaed another Si subet~ate 124 with an 

axidi~ed layer 1Z6 ot 6000 angatroaa £oraed on tha 

25 surtace. and by heating in a. nitrogen ataoaphare at 

800 °c for 0 .. & ho\11', ~h• 1:wo Si subetrates wezoe bonded 



i ... 

. . . 
,. #' ... 

. . . . . . . . . ,. f" ,. .. • • • •• - . . . : 
- 62 -

1 firmly together. Then, the porous Si substrate 123 

. ... 

was cheaically etched away by use of hydrofluoric acid-

nitric acid-acetic acid solution (1:3:8·). As the 

result, the Si .substrate 123 11lade porous having a 

s thickness of 200 microns was removed in 2 minutes. 

As the result ot cross-sectional observation 

by transmission electron mic·roscopy, 1 t could be 

conf iraed that no new crystal defect had been 

introduced in the Si layer 122 to maintain good 

10 crystallinity. 

Example 8 

On a surface of a P-type (100) Si substrate. 

121 having a diameter of 3 inchea and a thickness of 

200 microns was formed an N-type_ Si layer 122 to a 

15 thick.Dess of 1 micron by ion implantation ot protons 

into the surface. + The amount of H iaplanted was 

found to be 6 x 1015 (ions/cm2 ). The substrate 121 

waa anodized in a so• HF solution. The current 

density at this t.iae was 100 aA/c•2 • The porous 

20 structure toraation rate at this t1•e was 8.4 µa.Jain. 

and the P-type (100) Si substrate 121 havi.ng a 

thickness of 200 microns as a whole was made porous in 

24 ainu~es. As described above, in this anodization, 

only the P-type (100) 51 substrate 121 was aade 

2 5 porous, and there was no change i.n the lf-~ype 51 layer 

122. Hext, on the surface of the H-type 51 layer 122 
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1 wae superpoocd another Si ~ub~trete 124 ~1th an 

o~1d1zed layer 125 ot 5000 anqstroaa foraea on 'tbe 

surface. and by heating in a nitrogen atAosphere at 

aoo 0 c for o.s hour, the two Si $u.b8trales were bonded 

5 firaly together. Then. tne porous Si subsTra~e 123 

was chem:lc:al.ly etched away by use of hydrofluoric acid-

nit~1o acid-acetic acid solution (1:3:8). As the 

result, the 51 substrate 123 aade porous having a 

thickness of 200 aicrons was removed in 2 minutes. 

10 Aa the reaul"t of cro~=s-sect1onal o'bserva~lon 

by tranaa1ss10h electron aicroscopy, it could be 

confirmed that no new crystal defect had been 

introduced in the 31 layer 122 to aa_1n~a1n good 

crystall1n1'ty. 

JS Example 9 

20 

A P-type ( 100) aonocry·s'talllne Si suba'tra'te 

having a d1aaeter of 3 inch~s and a thiokneeo of 200 

aicrnns wag anodized in a 50" HP' aolu.t.lun. The 

current density at th1a t..tae "as 100 aA/ca.2 . The 

porous structure formatioD rate at: 'thia 'tiae was 8.4 

µ•/min. and the P-type (100) Si •~bstrate having a 

th1ckneea of 200 aicrona as a whole-was •ad• porous in 

24 minutes. 

On the P-type {100) porou.s 51 aubstra'te 11 was 

25 grown an Si epitax1al_layer 12 ~o a thickA•ea of O.$ 

microns by "the MBB (Molecular Beaa Epitaxy) method. 

. . . . .. 
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' The depogftion condition• are ag follows: 

s 

Temperature: ?OO 0c 

P.ressure: 1 x lO_g Torr 

Growth ratea 0.1 na/oec. 

Next, on tll~ :.u.rface of the ep1t:ax1al layer 12 

was superposed another Si substra~e 13 w{th an 

oxidized layer 14 of 5000 angstroll3 for•ed on the 

surface, and by beating in a n1~ro~en at1tosphere at 

800 °c tor 0.5 hour, the ~wn Si substrates were bonded 

10 firaly together. Suboc({1£Qn1:ly Si
3

N
4 

wa:i; coated 011 Ui.e 

bonded substrate by the low pressure CVD method to ~ 

1:h1cJcness o.f 0. 1 µa. Thereafter, only the ail icon 

nitride·fil• on the porous aub~trate was reaove4 by 

reactive ion etch1n~. Then, the porous Si substrate 

lb 11 was chemically etched away by use of hydrofluoric 

20 

acid-nitric •cid-acetic acid ~ol~tlon (1:3:8). As the 

result, the Si substrate 11 aade porous having a 

thickness of 200 aierons wae removed in 2 ainutes. 

Afte~ reaoval of the 5i3H
4 

layer 15, a subs~rate 

having a monocryetalline Si layer having a thickneaa 

of 0.5 µa on ~he s102 laye~ 14 co~ld be ~ormad. 

As the result ot eross-sect1onal observation 

by transa1ss1on.electron •lerosccpy. it could be 

confirmed that no new crystal defect had been 

25 introd~ced in the Si l•yer to aa1nta1n goad 

cryetall1n1ty. 

• ... 
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l l!xaaple 10 

A P-lype (100) monocrys~alllne 51 subs~ra~e 

havlng a diaaeter of 3 incheR and ~ thickness of 200 

aicrone was anodized in a SO~ HF aolution. The 

2 
s cw.-renl dcnHity at this t1me was 100 mA/cm . Tne 

10 

15 

porous structure forna~jon rate at this tiae was 8.4 

µ.a/min. and the P-typo (100) Si oubstrate having a 

thickne~~ of zoo a1cron.s as a whole was made porous in 

24 minutes. 

On the I' type {100) po:rou.~ S.i sU.bstrate ll was 

grown an Si epitaxial layer 12 to a thir.kn~ss of 0.6 

aicronA by the plasaa CVD aetbocl. The deposition 

conditions are a~ follows: 

Gas: 51H 4 

Radio frequency power: 100 ff 

Teapcrature: 800 °c 

Pr,.essure: l x 10-2 Torr 

Growth rater 2.6 oa/aec. 

Next. on ~he surtace ot the epitaxial layer 12 

20 was superposed another Si substrate w1~h an oxidi~ed 

layer 14 of 5000 angotrome foraed on the surrace, and 

by heating in a nitrogen a~•osphere a~ 800 °c for 0.6 

hour, ~he ~wo 51 substrates were bonded firmly 

'together. SubeequoAtl.y, s13 114 "~ caa~e<1 on the 

ZS bocded oubatr«te by ~he low pressure CVD aethod to • 

Lhickness of 0.1 µm. Thereafter, only the silicon 

. ... 
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1 nit~ide film on the po~oua substrate 11 wo~ removed by 

10 

reactive lon etching. Then, the porous Sl substrate 

11 was chemically e+ched away by use of hydrofluoric 

aoid-nitrio a.cid acetic acid solu.tion {1:3;8). A~ lhe 

result, the 51 substrate 11 aade porous having a 

thickness of 200 aicrona was reaoved in 2 ainutes. 

After remov~l of the s1 3n4 layer 1G, a sub~lr•le 

ha~lng a monocrvstalllne Sl layer 12 having 3 

~hickness of 0.6 µa on th• Si02 layer could be formed. 

Also the thicknO$$ o! the aonocrystall1ne 51 

layer ob~a1ned was exalllined by use nf Scanning 

Ellipsom~ter. As th• result, within the plane of the 

3 incbea wafer, the d1!!erence between the maxlmWIL 

value and the A1n1aum. valuft of the thickneee of the 

15 •onocrystallina Si layer waa found to be suppressed 5~ 

20 

o~ less relative.to the maximum value of the 

"th icknesa. As the resit! t of observation by de feet 

d4lineatiott etching by uoc of Sirtle etching, the 

di•location defect density was found to be suppressed 
3 2 . 

l x 10 /cm. or less, wherel:>y it could be c;ontiraed 

that no .new ciryst:al defect had been lntroduced in the 

aoftocry$t&lline 51 layer formation step to aaint:ain 

gooa crystallinjt:y. Wben the life tiae of ainority 

ca~ri•~• wae aoaau~e4 for lhe aonocryatalllne Si layer 

25 by uae o.t the MOS C-t aethod. a high value of 2. o x 10-3 

see. wa~ ~xhib1ted. 
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1 ExCSJBple 11 

5 

AP-type (100) :aonocrystalllne 51 subfltrate 

having a diaaeter ot 3 inches and a thickne3a of 200 

microns was anodi7.ed i~ a 50~ HF ~olution. The 

2 
curr~nt denaity at this time was 100 aA/em . The 

poroua structure torma.tion rate at this time wau 8.4 

µ~/ain. _and the P-~yp• (100) Si aubatra~e having a 

'thir.kness of 200 aicroms aa a whole waa made porou~ in 

2~ minutes. o~ the P-tVP& (100) porous Si s~bs~rate 

10 21 was grown an Si epitaxial lay~r 12 to a thickness 

15 

lO 

of 0.6 aiorona by the bias sputtering method. The 

d.ep.oa1_t1un concu tions are as follow~: 

RF frequency: 100 HH~ 

R.:.dio frequency powe_r: 600 W 

Temperature: 300 °c 
-3 Ar gas pressure: a x 10 Torr 

Growth time: 60 ain. 

Target direct cu~:rcnt bia&: -zoo v 

Substrate direct current bJas: + 5 V 

Next, on ~he surface of the epitaxial layer 12 

was superposed another Si substrate w1~h an oxidized. 

layer 1& of 5000 angetro.s formed on the surface, and 

by beatin~ in a n1~rogen ataoephcre at 800 °c tor 0.5 

hour, the two Si eu.batratoa were bonded firmly 

25 ~oae~h•r. Subsequently, s13N4 was coated on the 

bonded aqbetrcte by ~be low pressure CVD ae~hod ~o a 

. ... 
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1 thickn~ss ot 0.1 ~m. Thereafter, only the silicon 

nitride fill\ on the porou.a :.u.bstrate was removed by 

reactive ion etch1ug. Then, the porous Si substrate 

11 waa chen1cally etehed ~way by uoe ~f hydrotluorlc 

s ac1tt-nitric acid-acetic acid solution (1:3:8). As the 

result, the Si su.bstrate 11 m.ad..- porous h~ving a 

thickness or 200 m.icrons •aa re11oved in 2 111nutes. 

Arter re.oval of the s13H4 layer 15, a substrate 

having Q •onocrystalline Si lay•r 12 having a 

10 thickness ot 0.6 µm on the s102 layer 14 co~ld be 

formed. 

Alao, the Sl!lllle effect was obtained when 

Apiezon wax ••~ coated in place ot the Si3H4 layer, 

and only the Si substrate •aae porous could be 

15 oom.plete.ly reaoved. 

Example 12 

A P··type ( 100) ».onocrystalline 61 aubatrate 

hoviug « dia•eter of 3 inohea and a thickness of 200 

aicrona was anodized in a 60~ HF solution. The 

zo cu~r•nt don#ity •t th1a ti•e was 100 aA/c•2 . The 

porous structure foraa.tion rate at th1s time was 8.4 

\Ul/aln. And the P-~ype (1001 51 substrate having a 

thickness of 200 a1crona as a whole waa made porous in 

24 ain~tes. On the P-type (100) porous Si subatrato 

2:5 11 was CJ!'Otirn. an 61 epit-.x1al layer 12 to a. thickness 

nf o.s aicrons by the liquid phaoe growth aethod. The 

• •• • • • . .. 
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1 growth co.ud1"l:1ons are BS follows: 

5 

10 

Solvent: SQ 

Growth tempera~ure: 900 °c 
Growi:h atmosphere: H2 
Growth ti.Ile: 10 aiu. 

Hext, on the surtace of the epitaxial layer 12 
Nas superposed ano~her Si substrate 13 with an 
oxld1zad layer 1• of sooo angs~roas for••d on the 
9Ul."face, aod by hea1:1ng in a nitrogen etaospbere at 
800 °c tor o.5 hour, the 1;wo Si subs1:rates were bonded 
t1ra1y tog•tbcr. S~baequen~ly. Si 3N, was coated on 
the bonded substrate by the low pres~u.re CVD method to 
a "th1elcneas ot O .1 p.a. The1·eatter, only the silicon 
nitride til• on the porous substrate wao removed by 

15 reactive ion etching. Th•n, the poro~s 51 substrate 
11 was chemically etched aw~y by use of hydrofluoric 

20 

~cid-nitric acid-acet1c acid solution (1;3:8). AS The 
result, the 51 substrate 11 :aad.e porous having a 
th1ckn•~s of 200 •icrona w•s reaoved in 2 ainutes. 
After reaoval ot ~he Sj 3N4 layer 1S, a substrate 
having a aonocrys~alline.Si layer 12 having a 
thickness of o.s µa oa ~he s10

2 layer 14 co~ld be 
!loziaed. 

Also, ~he aaae effect was obtained when 
2 5 Apie2on ·-Wax waa coa1:ed 1n place of the Si31f 4 layer, 

.-i:ad ocly the $1 substrate aade porous could be 

• • ... 
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Exaaple 13 

AP-type (100) monocrystalline Si subatrate 

hav1na a diameter of S inoheo and a thickness ot 200 

5 aicrone w~o anodi%ed in a 50~ !ll" solu~1on. The 
2 

currenl densi~Y at thia time was ·100 aA/cm • The 

porous stru~ture foraation rate at this time was 8.4 

µa/ain. and the P-type (100) 51 substra~e having• 

thickness or 200 microns as a whole wao made porous in 

10 24 11.in11t4!s. On the P-type ( 100) porous 51 substrate 

15 

20 

11 was grown an Si epitaxial layer 12 to a thickneos 

of 0.5 microns by th~ low pressure CVD aethod. The 

depoRition condi~iona are •• !ollows: 

Source gas: S1K4 

Carriat' gas: H2 
T••peraturo; 850 °c 

-2 .. 
Pres~ure: 1 x 10 Tnrr 

Growth rat•: '-3 rm./a~~-

Next, on ~be aurtace ot the epitaxial layer 12 

w~s superpose<'. anothel" Si substrate l3"itll an 

oxidized layer 14 of 5000 angstro•a formed on the 

surface, and by he•t1ng in a nJ~rogen ataoophere at 

aoo 0 c for o.a hour. ~he two Si oubotrate~ were bonded 

t1raly togAtbe~. Subaeque~tly, s13s 4 was coated on 

2 5 th• bonded oubatre1te by ~he low pres~e CVD aethod t.o 

a thickness ot 0.1 µn. Thereafter, only the silicon 

. 
•• • • . ... 
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1 nitride fllm 15 on th~ porous substrate 11 was removed 

by react'.tve ion •tohing. Tben, the porous Si 

aubat~e:te 11 wa.a cll.eaicallY e1:cb.ed away by uae of 

bydrotluor1c ac1d-nit~ic acid-acetic acid ~ol~lion 

(1:3:8). As the reoul~. the 51 subs~ra1:e 11 •ad~ 

porous having a thickness Of 200 aierons W3~ re.moved 

in z a1nu~es. Af~er removal of the Si 3N4 layer l~. a 

subs~rate having a aonocrv~tall1ne 51 lay~r having a 

thickness of o.~ µm on ~he Sj02 layer 1' could be 

10 formed. 

Wben SiH2c1 2 was employed as the source ga.o, 

although it was required to elevate the gro~th 

temperature by ao•• ten degreee, the accelerated 

cheaieal et.ahin.g characl:erls1:1Cs :inherent in the 

15 poroua s~b3trate could be aaintained. 

gga.m,ple 14 

On a P-type (100) Si substrate 111 h~ving a 

dieaeter ot 3 1nche$ and a ~hicknesa of 200 a1arons 

was grown an Si epitaxial layer 112 with a thickncas 

20 of 1 aioron by the CVD aethod. The depositlun 

conditions are as follows: 

25 

R••ctive gas flow rate: SiH
2
cl 2 

H2 

Temperature: 1080 °c 

Preasuz-c: eo Torr 

Tiae: 2 mln. 

1iiili~f 

1000 SCCM 

230 l/ain. 

• •• • • • ••• 
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The substrate was anoc:Uzed in a 50~ HP 

solution. The current density at this time W•s 100 

mA/cm 2 . The poroucs st:ruc:t\u·~ !ormai:lon rate at this 

time was 6.4 µm/min. and ~he P-type (100) Si s~bstrate 

s 111 bavin~ a thickn~ss of 200 aicrons as ~ whole was 

madA ~orous in 24 minute~. In this anodjzation, only 

the P-type (100) 51s14bstratP.111 was aade porous,· and 

there was no change in the Si epitaxial layer 112. 

HexT, on the ourface of the ep1tax1al layer 112 was 

10 superposed ano~her til substrate 114 with an oxidized 

layer of 5000 angstro•s formed on the surface, and by 

heating in A nitrogen atmosphere at·soo 0 c for o.s 

hour, the~two S1 substrates we.re bondod fir•lY 

1:oaet:her. SubeQ<JUently, Si 3 K
4 

was coated on the· 

15 bonded eu.botro.te by the low pressU.1'• CVD aetbod to a 

thickne.ss ot o. lum.. Thereafter, only 'tbe n1t:r1de fil:m. 

on the porous aubetratc was remove~ by rAactive ion 

etching. Then. the porous Si Rubstrate 111 Wills 

cheaically etched away by use of hydrofluoric aeid-

20 nH:r1c acid-ace't~c ac:id aolutlon (1:3:8). As 'the 

result:, t:he Si substrate ll3· aad• porous havina a 

thickness ot 200 •icrona waa removed 1n 2 •inu~es. 

After ~••oval of the s13M4 layer 116. a aubstrote 

ha~ing a aonocrya~all1ne St layer 112 heving a 

26 thickness of 1 µm could be formed on s10
2

. 

Also tbe thickness ot the aonocryetalline Si 

ii1i1ii1if Of 

' r • 
•· • r 
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1 layer _obtained "as examined by use of Scanning 

Ell lpso111.eter. As t'he resu.l t, within the plane ot the 

J inchP.t:r. waf.er, the diffei·em.:e between tb.e 11axiaum 

value and the minimum value of the thickness of the· 

s monocrvstall1ne Si layer wae found to be suppressed 5~ 

thickneas. As the result of plan view ob~ervat1on or 
the monocryatalline Si layer by trans'lll1ss1on electron 

mi~rnecopy, the dislocation aetect dP.nsity was found 

10 to be suppresse4 l x io3/~m 2 or less, whereby lt could 

be contlraed that no new crystal detec~ had been 

introduced in the •onocrystalline Si layer formation 
. 

process to •alntain good erystallinity. When the life 

t1~e of •1nority oarriera waa measured for the 

15 monocryetalline 51 layer by use of the •icrow•ve 

20 

25 

-3 reflection me~hod. a high value of 2.0 x 10 sec. was 

exhlbited. 

Rxample 15 

on a P-type ( 100) Si oubat::t·ate l ll having a 

diameter of 3 iQche~ and a thickness of 200 aicrona 

was grown an Si ePltaxial- layer 1i2 to o. thickness of 

0.5 micron by the CVD ae~hod. The deposition 

condf~jon• .uoe aa follows: 

Reactive gas ~low rate: SiH
2
Cl

2 

H2 

Teape~ature: 1040 °c 

This Sheet Has Been Replaced 

I \ll\111 111111 l~I Ill Ill\ 

1000 SCCM 

• •• • • • . .. 
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Pressure: 80 Torr 

Tiae: 1 ain. 

The aubatrate was anod17.ed in a so~ HF 

solution. The current density at this time was ioo· 
2 aA/cm . The poroQa atruct~ce tormatlon rate at this 

time was e.4 µm/m1n. and the P-type {100) Si aub&lrate 

111 having a thickness of 200 microns as a wnole was 

made pnrous in 24 ainu~es. In ~his anodization, only 

the P-type {100) S1 substrate 111 was made poro~s, an~ 

10 there was no change in the Si epitaxial layer 112. 

Hext, on t:he surface ot the ~pita.xial layer 

112 was superposed an S1 substrate 114 with an 

ox.1d1zed layP.r of 5000 angstross formed on the 

fturface, and by heating 1n a nitrogen ataospherc at 

ls 800 °c for o •. 5 hour. t:he two Si oubstra"tes were bonded 

t1rmly togAthe~. Subsequen"tl~, s1
3

M4 was coated on 

the bonded aubstrale by the low pressure CVD method to 

a thickness of o.l µa. Thereafter, only the silicon 

n1tr1de ftla 116 o~ the poruus su~s~rate 113 was 

20 re::aoved by reaclive 1on etching. Then, the porous Si 

substra~e 113 was cheaioally etched away by use of 

hydrofluoric aoic1.-nitr1c ac1d-acetic acid solution 

(1:3:8). As the result. the Si substrate 113 aade 

porous hav1ng a thickneee of 200 •icrons was removed 

25 in 2 ainutes. After removal or the Si3H4 layer 116, a 

subst~ato having a monocrystalline SJ layer 112 having 

r 
rr 

r 
r 
r . .. 
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l a thickness oC 0.5 ~a could be formed on the Si02 

layer 115. As the result of cro~s·sectional 

observation by ~r~ne~i~s1on el~ctron microscopy; it 

cou.ld be con.fir:raed i:hat no new crystal defect had been 

5 1ntroduced ln the Si lay~r to lll~intain good 

crystalliriity. 

Exam.pl!_!! 

on a aurface of a P·type (100) 51 su'bs'trate 

111 having a diaactcr o! 3 1nches and a thickneeo of 

10 200 microns was tormed an N-type Si lQyer 112 to a 

thickness of 1 aieron by ion iaplantatlon ot protons 

into the surface. "' The a•ount of H i:ap.lanted wao 

found to be 5 x io15 {ions/ea2 ). The ~ubatr~te was 

anodized in a so~ HF solution. The current density at 

15 ~his time was 100 mA/cm2 • The po~ous structure 

formation rai:e at this tiae was 8.4 µm/a1n. and the P-

type (100) Si substrate 111 hav1na a ~h1ckness of 200 

aicrons as a whole was aade porous in 24 ain~te$. In 

thia anod1Zat1on, only the P-type (100) 51 substrate 

20 111 was aade poro~e, and there was no change in the N­

type Si layer 112. :Next. on the surface of the N-t.ype 

Si layer 112 was superpoecd anothec 51 substrate 114 

W1'th an oxidized. layer 11~ or ooao angstroae form.eel on 

the eur·face, anc1 by heatJng in a nitrogeD catmosphere 

26 at 800 °c for 0.5 hour, the. Si substrate~ were bonded 

t1ra.ly together. Gubsoq1.1ent1y. ~i3N4 was coated on 

iiiiili1Hr 
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l the bonded subs LL·~te by the .Low prP.~sure CVD 

metho4 to a th1ckn@ss of 0.1 µm. Thereafter, only the 

silicon nitl'idc fiba on the: porous substrate was 

removed by react 1 ve ion etch i. ng. Then, the poz:oou.e S·i 

5 substrate 113 Wn$ chemically etched away by use of 

hydrofluoric ac:id-nit1·.1c ac1d-acet1C acid solutJ.on 

{1:3:8). As the result, ~he Si subatr~~e 113 aad~ 

porous having a thiclcnes3 of 200 microns was removed 

in 2 minutes. After removal or ~ha Si 3H, layer 116, a 

10 substrate hav1nq a monoerystalline Si layer 11Z having 

a thickneaa of 1.0 µm could be !oraed on the 5102 . As 

the result of crosa-~ectlonal observation by 

transmission electron microscopy, it could be 

contiraed that no new cry~ta1 detect had been 

15 introduced in the S1 layer to maintain good 

c1·ystall1nlty. 

Jb(am.ple 1'/ 

A P-type (lOO} monoc~ystalline Si auba\rate 

having a diameter of 3 inohes end a thickness of 200 

20 •1cron~ was anod~zcd in ~ ~o~ ffY solution. The 

2 current density at this tiae wae 100 aA/cm • The 

porous structurP. formation rate ~t ~h1s timft was 8.4 

~a/ajn. and the ~-type (100) 51 substrate having a 

thickness of 200 microns as a whole wao made porous in 

26 24 •lnutea. 

On the P-type (100) porous Si substrate 31 was 
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1 grown an ~i ep1lax1al layer 32 to. a thioknes~ of 0.5 

5 

m.ic.t.·ons by the MBE (Moleocular Boaa Epitaxy) Jlletllod. 

The deposition condition$ ai·e as tollows: 

Teaperature: 700 °c 

Pressure: t x 10 9 Torr 

Growth rate: o. 1 12111./sec. 

Next. on ~he surfacP. of the epitaxial layer 32 

was !ormed an oxide layer 36 with a thickness of 1000 

anQ'Stl"nJl\s. Then, on another 51 aubstra'te haviiig an 

10 oxide loyer 34 ot 5000 angs~roms formed on the surface 

was superposed the above oxide layer 36, and by 

0 hP-ating in a nitrogen ataosphere at 800 C for 0.5 

hour, the~both were bond~d firaly together. 513N4 was 

coa~ed on the bonded substrate by the low pressure CVO 

10 m@~hod to a thickness of 0.1 um. Thereafter, only the 

silicon nitride f1lm on the porous ~ub5trate was 

removed by r~active ion etching. Then. thP. porous Si 

substrate 31 was cbem1cally etched away by use o! 

hydroflu.or1c acld-nitr1c acid-acetic acid solution 

20 (1:3:8). A~ the reoult, tbe 51 substrate 31 aade 

po.rowa hav.ing a thickness of 200 microns wa.~ removed 

in 2 llliriutes. Afte:ro removal of the Si
3

1f
4 

layer 35, a 

subs~rat& having a thin film monocrystalline Si layer 

~2 could be for•ed on ~he sto2 . As the result ot 

25 crose-sectlonal obs~rvation by tranom1ssion electron 

microscopy, 11: could be con.t1rmed ~bAt n.o new cryoteal 

• ... 
• • • ... 
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1 defect had been introduced in the Si layer to ma1nta1n 

good crystallinity . 

.Exa111ple 18 

AP-type (100} •onocryatalline Si ~~bstrate 

s hav1nQ' a dia111Ater of 3 inches and a thicknesf; of 200 

•icrons w:s anodized 1n a 50% HF solu~ion. The 

current deas1ty at thiA ti•• wa~ 100 mA/cm 2 . The 

porous s~ru~ture foraation ra~e at ~his time was 8.~ 

µa/min. and the P-type (100) Si substrate having a 

to thickn~se ot zoo mir.rons as a whole was made porous in 

15 

20 

24 minut-es. On the I"-type (100) porous Si substrate 

!U wa:::r. grown an 51 epitaxial layer 32 to a thicJc.ue15S 

of 5 microns accnrding to the plas•a cvo method. Th• 

depoAition conditions dre as tollows: 

Gas: SiH
4 

Radio frequency power: 100 W 

Tempera~~re: 800 °c 

Pre~sure: l x 10-2 Torr 

Next, on tbe surface of the epitaxlal layer 32 

was for•ed· an oxide layer 36 with a thickness of 1000 

anas~roms. Tb•n, on •nother 51 substrate 33 having an 

oxide layer 34 o! ~ooo angs~roas to~aed on the surrace 

was superposed the ~bove oxide layer 36, and by 

25 hea~1ng in ~ nitrogen ataosphere at 800 °c for o.5 

hour. the both were bonded firaly together. si
3

N
4 

was 

• • ,. ,. .... 
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1 coated on the bonded ~ubs~rate by the low pressure CVD 

aathod to a lhickness of 0.1 µ~. Therea(ter, only the 

silicon n1trid9 film on the porous suDstrate waa 

removP.d by re~ctive lon etching. 1hen, the porous 51 

5 subetra~e 31 was chemically etched away by use of a 

KOH solution (6 M}. As ~he result, the Si substrate 

31 made porou~ having a thic~ne99 of 200 aicrons was 

removed in 2 minute~. After reaoval ot the S1 3N4 

layer. A !"1.\bsstratc b~ving ~ m.onocrystal line Si layer 

10 l2 with good crystallin1ty ~ould be formed on ~he 5102 

layer. 

Aleo the thickness ot the •onocrystalline Si 

layer obtained was examined by u3e of Scanning 

Ell1psometer. As the re3ult, wi~hln the plane of the 

15 3 inches wafer, th- ditterence be~we•n the maximum 

value and Lhe min1mWll value of ~he thickness ot the 

aonocrystalline Si layer was found to b~ suppreased S~ 

or legs relative t.o "the maxhmm value of the 

thickne~s. As the result of pian view observation of 

20 the monocrystalline Si l~yer by t~anamisaion electron 

~icrosocpy, th• d1slocation defect density was found 

to be auppressed 1 x 103 1ca2 or lesa. whereby it co~ld 

be confirJaed that no ne:w crys.tal defect had bettn 

int~oduced in the monccrystaliine Si layer for~ation 

25 proces~ ~o maint~in good cry~t~ll1n1~y. When the life 

time Of minority carriers was ae4sured for tho 

. Sheet Has Been Replaced 
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1 monocry~tall.lne Si layer by uce of the MOS C-'t method. 

a ?tigh valuP. of 2. o x l0-3 sec. was exhlbi ted. 

F.icample 19 

A P-type ( 100) iaonoarystallifu~ Si substrate 

5 having a diameter of 3 inches and a thi~kness of 200 

m.i crono was anodized in a 50" HF aolut ion. Tlie 

1 current denslty at this time was 100 mA/CJn . The 

porou~ structure form.at1on rate at this time wao 6.4 

µm/min. and the P-type (100) Si aubstrate haviog a 

10 thlc:Jcness of 200 microns as a Mhole was macle porous in 

15 

20 

24 minuteo. On the P-t:ype (100) porous Si su.b~trate 

31 wa~ grown an Si epjtaxial layer 32 to a lh1ckness 

or l micrnn aecording to the blas sputtering method. 

ThA depooition cond1t:1ons are a~ follows: 

RF frequency: 100 MHz 

Radio frequency puwer: 6UO W 

Temper~ture: 600 °c 

Ar aas pr~ssure: 8 x 10-3 Turr 

Growth time: 120 m1n. 

Targ~t d1rect current biao: - 200 V 

Subs~rat• direct curren blas: + ~v 

Hext, on the surface of the epitaxial layer 32 

wao formed an oxi<1e layer 36 with a ttlickness of 1000 

angsi:roms. Then. on another Si su'bs'tratA 33 having a.n 

25 oxid~ layer 34 of ~ooo angstroms fo~aed on the surface 

wae nuperpu~ed the above oxide layer 36, and by 
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1 heattna ln a ni~rogen atmosphere at 800 we for 0.5 

hour. the both were bon4ed firmly together. Si 3N4 was 

coa1:od on the bond.ed ~ubstl'ate by the low pressure CVD 

method to a thiekn.eso of 0.1 µm. Thereafter, only the 

5 n1tr1de fil.ll. on.the porous substrate 31 was removed by 

reactive ion etching. Then, the porous Si substrate 31 

was chemically etched «way bV use nf a hydrofluoric 

acid-nitric ~cid-acetic ar.id solution (1:3:6). AS the 

res~l~. ~he Si substrate 31 aade porous having a 

lO th1clcnessa of 200 mic1·uus was removed in 2 minute~. 

After removal of the Si
3

N4 layer, a eub~tr~te having a 

monoc~ystalline Si layer 32 with good crystallinity 

could bo £ormed on ~he ~10 2 lAyer. 

The sam.e ~ffect wae ob1:o.ined also wnen Ap:iezon 

1s Wax wa~ coated in place o! the Si3H4 layer 3S, whereby 

only the Si a~bs~rate 35 m~de porouo co~ld be 

20 

comple~ely removed. 

&xample 20 

AP-type (100} monocryst~lline Sl subst~ate 

having a diaa~t@r of 3 inches and a thjckness of 200 

microns wa• anodized 1n a 50~ HF solution. The 

current dens1ty at this time wa=s 100 mA/cm.2 . Th• 

porous structure formation rate at this tiac waa a.4 

~m/min. and ~he P-type (100) Si sub~trate having a 

25 thicknea• of zoo aicrons as a whole was mad• porouo in 

24 mlnutes. On the r-type (100) po~ous Si s~bstrate 
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1 !1 was grown an Si epitaxial layer 31. to a thickness 

ot 5 micron by the l.1qu1d phase growth methud. The 

gl"owth condit1ons are as follow3: 

Sol.vent: Sn 

Growth temperature: 900 °c 

Growth a~mospherc: H
2 

Growth time: 10 m1n. 

. 

Next. on the surface of the ep1lcuc1al !ayer 32 

was formed an oxide layer 36 with a thickness of 1000 

10 angstroaa. Then, ou another Si substrate 33 having an 

oxide layer 34 of 5000 angetroas foraed on the surface 

was superposed the above oxide layer 36, and by 

0 heating in a nitrogen atmosphere at 700 C fur 0.5 

hou.r. the both were bonded firialy together. Si3N4 W:l.s 

l~ coated on the bended s1.1bstrate by the low pressu.x·e CVD 

method to a thickness of O.l µm. Therea!ter, only the 

• • • . . 
• . .. 

siJ.icon nitridP. film on the poLous substrate wac removed 

by rP-rir.-tivg ion etchiuy. 1·hen •. the porous Si sub:itrate 

31 wao chemi~dlly etched "'way by Ul:>C of a hydrofluoric 

20 acid-ni~ric acid-aoctic acld solution (1:3:8). A~ the 

res.ult, the Si s1.1.bstrate 31 made porou.:1 having a 

thickne~s ot 200 •icrone wa~ re~ovea 1n 2 ainutcs. 

After removal of ~he Si3N4 layer 35. a oubetrale 

having a aonocrystalllne Si layer 32 could be foraed 

25 on tbe Sio2 • The s.-aa effect was obtained also when 

Ap1ezon Wax was coated ln place of the Si3N4 layer. 
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1 wher~by only the Si ~ubstra~e made porous could be 

.:?ompletely removed. 

Also the thickne~s of ~he monocrystalline Si 

lay.,r obtained wa.s examined·by use of Scanning 

5 Ellipsometer. As th~ result, within the plane of the 

3 inc·hea waf•r, t:he dif!erence bet:ween the aaxi.IQwa 

value and the minimum valuA of the thickness ot the 

m.ono~rystalllne Si layer was found to be suppressed S~ 

or less relative to the maximum. value of the 

10 thicknees. As the result of plan view obs~rvatlon of 

the monocry~talline Si layer cy transmission electron 

:m.icroscopy, the di:slocat1on defect density wa$ found 

to be suppressed 1 x 103 /cm.2 or less, whereby it cou.ld 

be confi~med that no new crystal detect had been 

lS introduced in the monocrystallin• Si layer formation 

20 

p1·ocess "tO :maintain good crystallinity. When the life 

time ~f ~inority e4rriers was aeasured for the 

monocrystalline 51 layer by use of the MOS C-t method. 

a high va.lue of 2.0 x 10-3 sec. was exhibited. 

Example 21 

A P-"type (100) monoorystall1ue 51 substrate 

having a di~meter of 3 inches and a thickneso of 200 

mir.rons waa anodi~ed ln a 50% HF solution. The 

current density at this tiac was 100 mA/cm2 . The 

25 porous s~ructure formation rate at this tima was 8.4 

um/111in. and the P-type (100) Si Sl.lbstrate hav1ng a 

. 
• . . . . . . .. 
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1 thickness of 200 microns as a whole was made porous in 

.:·.2 4 minutes. On the P-type ( 100} porous Si substrate 

31· was grown an Si epi~axial layer 32 to a thickness 

of 1.0 micron at low temperature by the low pressure 

5 CVD method. The deposition conditions are as·follows: 

10 

Source gas: SiH4 

Carrier gas: H2 

Temperature: 850 °c 
-2 Pressure: 1 x 10. Torr 

Growth rate: 3.3 nm/sec. 

Next. on the surface ot the epita>cial layer 32 

was formed an oxidized layer 36 with a thickness of 

1000 angst~oms. Then. on another Si substrate 33 

having an oxide layer 34 of sooo angstroJns formed on 

15 the surface was superposed the above oxide layer 36, 

and by heating in a nitrogen atmosphere at 700 °c for 

0.5 hour, the both were bonded firmly together. Si3H4 
was coated on the bonded substrate by the low pressure 

CVD method to a thickness of 0.1 µm. Thereafter, only 

20 the silicon nitride film 35 on the porous substrate 31 

was removed by reactive ion etching. Then, the porous· 

Si substrate 31 was chemically etched away by use of a 

hydrofluoric acid-nitric acid-acetic acid solution 

(1:3:8). As the result, the 51 substrate 31 made 

25 porous having a thickness of 200 microns was removed 

in 2 minutes. After removal of ~he Si3N4 layer 35, a 

I 
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1 substrate having a aonocryst~lline Si layer 32 could 

.pe formed on the s10
2 

layer. 

When SJH2Cl 2 wa3 em.ployed a.s the source gas, 

al'thnugh t:he growth tem.perature was required 'to be 

... . . 

.. 

5 elevated by some tP-n degrees, the accelerated ehe=ical 

e'tch1ng chal'aotcri:ostic:::i inherent in the poro1.ls 

substrate co~ld be •a1ntained. 

Bxl:lmple '21 

On A P-type (100) ~1 subs~rata 131 having a 

10 diameter of 3 inches and a thickness of 200 microns 

was grown an Si epitaxicl layer 132 w1th a thickness 

of 1 micron by the CVD method. The depo~ition 

15 

ca11dltlons are as follows: 

Reactive gas flow rate: S1H2c1 2 1000 SCCM 

H2 230 l/m.ln. 

Temper:tt'l.\re: 1oao 
0

c 

Preeoure~ eo Torr 

Time: 2 :min. 

The RUbstratc wa:s auod1zed ln a 60~ HF 

20 solution. The current densi~y at thio time was 100 

mA/c•2 . The porous st~ucture formdtion rata at this 

~lme was 8.4 µm/ain. and lhe P-type (100) Si substrate 

131 having a thickness of 200 aicrons ao a whole was 

made porou.s in 24 _ainutes .. As described above •. only 

25 the P-type (100} Si 3ubslrate 131 was aade porous 1n 

thi~ anodization, and.the~P wae no change ln ~he Si 

• .. . . . ... 
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1 epltax1al layer 132. Next, on the surfaoe of the 

.. ·tpitaxial layer 132 was foraed an oxid.fzed layer 137. 

another 51 substl"ate 134 hciving an oxld1zed layer 135 

ot 5000 ~ngstroms for•ed on, the surface was superposed 

5 on the above ux1dlzed layer 137, and the two 51 

substrates werP. bonded ~ogethor t1rmly by heating at 

800 °c for 0.6 ho~r in a nltrogen ataoophere. av the 

. 

low pressure_CVO method, Si 3N~ was cuated Wlth a 

thickness ot 0.1 µm. on ~he lJonc1ed suhstrate. Then oulv 

10 thP. si1icon nitride: f1lm on the porou3 subsLcate was 

removed by reactiv~ ion etching. Subsequently. the 

porous Si subatra.te 133 was che:m.1celly etched Qway by 

uae of hydrotluorlc acid-nitric acid-acetic acid 

solution {1:3:8). Ae the result. the Si subst:ate 133 

15 made poroaa h~Ying a thlckness of 200 •icron~ was 

20 

25 

reaoved in 2 minutes. After ~oaoval uf the Si 3N4 

layer 136, a substrate having the m.onocrystalline Si 

layer 1~2 h4ving a thlckness of 1 µa could be formed 

A~ the rcault o! cross-ser.tional obaervl:f.tion 

by 'traz:uaais:sion electron lllicrosoopy, it was confiraed 

that no new crys~~l defec~ had been introduced in the 

Si layer To ••intain gvod cryst~lliuity. 

Example 23 

on a P-~ype (100) $i ~ubs~rate 131 having a 

d18.llleter of ( in~hoa •nd a thickness of 500 microns 

• .. . . . ... 
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1 w~s grown an 51 epltaxlal layer 132 with a th1ckness 

.?f o.s micron by ~he CVD method. The depos1~ion 

conditinn• are ~o followa: 

Reactlve gas rlow rate: SiH2ci2 1000 5CCM 

5 230 l/a.in. 

Temparature: 1080 °c 

Pressure: 80 Tor~ 

Ti Ille: 1 •in. 

The substrate was anodi?.ed in a so~ HP 

10 solution. The current density at this time was 100 

JllA/r.rn 2 . The porous ~tructure torma~1on rate at ~his 

time was 8.4 µm/mln. and the P-type (100) Si substr~te 

131 hav1ng~a ~hiekneas of 500 microns as a whole was 

m~de porous. Only the P-type {100) Si substrate 131 

15 was ~ade ~orous 1n tnis ano~ization, and there was no 

chanae 1n the Si epitaxial layer 132. 

Next. on the surtace of the ep1taxi~l layer 

132 was !armed an oxidized layer 137 with a thlcknesa 

ot iooo ang$tro••· Then, another 51 substrate 134 

20 having an oxidized layer 135 of 5000 angatroas !oraea 

on th~ surtace was adhered on the above OX1dized layer 

131. and the both were bunded t:ogethttr firmly by 

heating at 700 °c tor o.5 hour in a nitrogen 

atJ11.osphere. By t.he low proeaure CVD •ethod, Si3N
4 

was 

25 coated with a thickness of 0.1 ~·on the bonded 

aubstrate, and only the silicon nitride film 136 on 

I 
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1 the porous substrate 133 was removed by reactive ion 

.. .-.etching. Then, the porous Si substrate was chentically 

etched away by use of hydrofluoric acid-nitric acid-

acetic acid solu1:ion (1:3:8.). As the result, the Si 

5 substrate made porous having a thickness of 500 

microns was removed in 5 minutes. After removal ot 

the Si 3N4 layer 136, a substrate having the 

monocrystalline Si layer 132 could be formed on 510 2 • 

Al~o the thickness of the monocrystalline Si 

10 layer obtained was examined by use of Scanning 

Ellipsometer. As the result, within the plane of the 

4 inches wafer, the difference between the maxim.u111 

value and the •inimum value of the thickness of the 

monocrystalline Si layer was found to be suppressed 8~ 

1s or less relative to the maximwa value of the 

20 

thickness. As the result of plan view observation of 

the monocrystalline Si layer by transmission electron 

microscopy, the d~slocation defect density was found 

to be suppressed 1 x io3 tcm2 or less, whereby it could 

be conf iraed that no new crystal defect had been 

introduced in the monocrystalline Si layer formation 

process to maintain good crystallinity. When the life 

time of minority carriers was measured for the 

monocrystalline Si layer by use of the MOS C-t aethod, 

25 a high value of 2.1 x l0-3 sec. wao exhibited. 
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l Exalllp le 2 4 

On the surfa~~ of a P-type (100) Si substrate 

131 having a diameter- of 3 inches and a thickness of 

200 microns was formed N-type Si layer 132 with a 

S thickness of l microt1 by ion 1aplantation of protons. 

The amount of a• implanted was 5 x 1015 (1ons/cm2 ). 

The substrate was anodized in a 50" HF solution. The 
. 2 

current density at this time was 100 •A/cm . The 

porous structure formation rate at this time was 8.4 

10 µm/min. and the P-type (100) Si subs~rate 131 having a 

thickness of 200 microns as a whole was made porous in 

24 minutes. Only th~ ?-type (100) Si substrate 131 

was made porous in this anodization1 and there was no 

change in the N-type Si layer 132. Next, on the 

15 surface of the epitaxial layer 132 was formed an 

oxidized layer 131 with a thickness of 1000 angstroms. 

Then, another Si s~bstra~e 134 having an oxidized 

layer 135 of 5000 ~ngstroms formed on the surface was 

adhered on the above oxidized layer 137, and the two 

20 Si substrates were bonded together firmly by heating 

at 700 °c for 0.5 hour. By the low pressure CVD 

method, S1 3N4 was coated wi~h a thickness of 0.1 µa on 

the bonded substrate. Then, only the silicon nitride 

film on the porous substrate was reaoved by reactive 

25 ion etching. Subsequently, the poroua Si substrate 

133 was chemically etched away by use of hydrofluoric 
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1 acid-nitric acid-acetic acid solution (1:3:8). As the 

.. result, the Si substrate aade porous having a 

thickness of 200 .microns was removed in 2 minutes. 

After rem.oval ot the Si3K4 -layer 136, a substrate 

5 having the monocryatalline Si layer 132 could be 

formed on s102 . As the res~lt of cross-sectional 

observation by transmission electron microscopy, it ., 

was confirmed that no new crystalline defect had been 

jntroduced in the Si layer to maintain good 

10 crystallinity. 

Example 25 

A P-type (100) monocrystalline 51 substrate 

having a diameter of 3 inches and a thickness of 200 

microns was anodized in a 50% HF solution. The 

15 current density at this tiae was 100 mA/cm
2

. The 

20 

25 

porous struotu~e formation rate at this time was 8.4 

µm/min. and the P-type (100) Si substrate having a 

thickness of 200 microns as a whole was made porous in 

24 minutes. 

On the P-type (100) porous Si substrate 41 was 

grown an Si epitaxial layer 42 to a thickness of 0.5 

microns by the HBE (Molecular Beam Epi_taxy) :mei:hod. 

The deposition conditions are as follows: 

Temperature: 700 °c 

Pressure: 1 x 10-9 Torr 

Growth rate: 0.1 nm/sec. 
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Next, on the surface of the epitaxial laye~ 42 

was formed an oxidized layer 45 with a thickness of 

1000 angstroms. Then, another Si substrate 43 with an 

oxidized layer 44 of sooo angstroms formed on the 

surface was superposed on the above oxidized layer 45, 

0 and by heating in a nitrogen atmosphere at 800 C for 

o.s hour, the two Si substrates were bonded firmly 

together. Then, the porous Si substrate 41 was 

chemically etched away by use of hyd.rof luoric acid-

nitric acid-acetic acid solution (1:3:8). As the 

result, the Si substrate 41 made porous having a 

thickness o~ 200 microns was removed in 2 minutes. 

Thus, a substrate having a thin film 

monocrystalline Si layer 42 could be formed on the 

15 5102 . As the result of cross-sectional observation by 

transmission electron microscopy, it was confirmed 

20 

25 

~hat no new crystal detect had been introduced in the 

Si layer to maintain good crystallinity. 

Exam.ple 26 · 

A P-type (100) monocrystalline Si substrate 

having a diameter Qf 3 inches and a thickness of 200 

aicrons was anodized in a 50% HP sol.ution. The 

current density at this time was 100 •A/c•2 . The 

porous structure formation rate at this time was 8.4 

llJll/ain. and -the P-t:ype (.100) S.i substrate having a 

thickness of 200 microns as a whole was made porous in 
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1 24 minutes. On the P-type (100) porous Si substrate 

5 

10 

.. -~ 1 was grown an Si epitaxial layer 42 to a thickness 

of 5 microns by the plasaa CVD method.. Th.e deposit ion 

cond!tions are as tollows: 

Gas: S1H
4 

Radio frequency power: 100 W 

0 Temperature: 800 C 

Pressure: l x 10-2 Torr 

Growth rate: 2.6 nm/sec. 

Next, .on the surface of the epitaxial layer 42 

was formed an oxidized layer 45 with a thickness of 
. 

1000 angstroms. Then, -another Si substrate 43 wit.h an 

oxidized laye~ 44 of 5000 angstroms formed on the 

surface was superposed on the above oxidized layer 45, 

15 and by heating in a nitrogen atmosphere at 800 °c for 

20 

o.s hour, the two Si substrates were bonded firmly 

together. Then, the porous Si substrate 41 wa3 

chemically etched away by use of a KOH solution of 6 

M. 

As described above, ordinary chemical etching 

rate of Si monocrystal relative to 6H KOH solution is 

about a little lower than 1 micron per •inute, but the 

chemical etching rate of a porous layer is accelerated 

by about 100-told thereof. Then, the Si substrate 

25 made porous having a thickness of 200 microns was 

removed in 2 minutes. 

Replaced 

\iii\i\H\\ 
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Thus, a JD.Onocrys~all1ne Si layer having good 

.~rv~tallinity could be fo~med on the s102 . 

R.xaaple 27 

A ?-type (100) m.onocrystalline Si ~u.bstra'te 

.. 

5 having a diaaet.tr ot 5 "inches and 4 thlckness ot 600 

aieron~ was anodized in a 50~ Hr solu'tion. The 
2 current d&nsity at thi~ ~lae was 100 mA/cm . The 

porouo structu.re formation rate at this tlme was 8.4 

µ11l/mln. and the P-type (100) Si su.t>strate b.aving a 

10 ~hlcknA.ss of 600 microns as A whole wa3 made porous in 

16 

20 

70 ainutes. on the ?-type {100) porous Sf substra~e 

41 was.arown an Si epitexi~l layer 42 to a thickness 

of 1 micron by the b1as-sputtering metbod. The 

deposi~ion cond1~1ons are a~ follows: 

RF fr~qu•noy: 100 MHZ 

Radio frequency power: 600 w 

Temperature: 300 °c 

Ar gas prossw:c: a x 10-3 Torr 

G~owth tiae: 120 ain~tes 
•• . -I 

·"Target: dh•ect cu.rrent t'1as: - 200 V 

Substrate direct current bias; + S V. 

Hext, un the surface ot the epitaxial layer 42 

was for•ed an·oxidi2ed layer 45 with a thickness or 

1000 angstroms. Then, another Si substra~e 43 with an 

25 oxid:l2ed l•yer 44 ot 5000 angatroa.s toraed on the 

eurface was superposed on tlle al>ove oxidized layer 45, 

• 

• .. 
• • • ... 
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1 and by hA~ting in 4 nitrogen atmosphP.re at 800 °C for 

_J>. 5 hour. the two 51 substrates were bonded f ir11ly 

together. Then, ~he porouo Si substrate 41 was 

chem1cally etched away by u~e or hydrofluoric acid-

nitric acid-acetic ac1d solutiou (1:3:6). As the 

result, the 51 Rubstrate :U aade porous having a 

thi~kne9$ of 600 microns was removed in 1 minutes. 

Thus, a substrata having a munocrystalline Si 

laver 42 w;th good cryat~llln1tY could be formed on 

10 the Si02 • 

Also the 1'hickn•ee of the munocrystalline Si 

layer obtained w:i::i examined by use of Scanning 

rUlipaom.eter. As the resu11', within the plane ot the 

s lnches water. the difference between the maximum 

lS value and the :rainimWll value ot thE'! thiekn.cos of the 

aonocry~t•lline Sl layP.r was found to be suppressed 8~ 

or less basP.rl on the aaximWll value or the thickness. 

As the reeult of plan view observation of the 

aonocryslall1ne 51 layer by tran3mia~ion electron 

20 microscopy. the di~loeation detect density w~s found 

1"" be auppre~~od 1 x io3 /ca2 or lees, whereby 1t could 

be con!1rmed that no new cryst«l detect had been 

introduced in the aonocrystalllne Si layer formation 

step to maintain good crystallinity. When the life 

25 ti•e o! a1nor1ty carriers was aeasured fo~ the 

monocrys~alline &1 layer by use of the MOS C-t method, 

• 
e# 

• . . .. ... 
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l _,. high V;:llu.e of 2.1 x 20.- 3 ~ec. was exhibited . 

.. -~ple Z8 

AP-type (100) monocrystalljne Si su.batrate 

having a di4aeter at 3 inches and a thickness ot 200 

5 aicrona was anod~zed ia a so~ HF so1Ut1on. The 

current n@n•ity at thi~ tlae was 100 lllA/cm2 • The 

porouo 8tructure toraation rate at this t1•~ was 8.4 

µa/•in. and the P-type (100) Si substratP. haviug a 

. ~ ... . . . . .. . .. 

thj~knaas of 200 microns as a whole waa •ade porQus 1n 

10 2' minut~~- on the P-type (100) porous 51 subst~ate 

41 was grown an Si epitaxial laver 42 to a thickness 

of S aierons by the 11quld phase growth method. The 

15 

growth cona1't1ons "re aa follows: 

Solvent: Sn 

G th + t 900 °c row ~empera ure: 

~rowth at~oaphorc: H2 
Growth time: 10 a1nutes. 

NexL, on the surface of the epitaxlal layel'" 42 

wa8 rormed an oxidized layer 4~ wi~h a thicknes3 of 

20 1000 anga-tro••· ~hen, ano"ther Si substrate 43 havjng 

an oxidJ.zed layer ol4 of 5000 e.ng$tro11.s toJ"Jned on the 

aurtace wa~ clo•ely con~.c~ed. and by heating 1n a 

nitrogen o.tm.oapbcre at 100 °c for 0.5 hour, t.he t .. o Si 

aubatratee were bonded firaly together. Then, the 

2:i porous Si Rubstrate 41 was chea1r.ally etched t&OY bY 

USP- of hydrofluoric •c1d-ni~rie acid-•cet1c acid 
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l solution (1:3:8). As the result, ~he Si substrate 41 

5 

.. -~ade porou.:s hav1ng a thickness of 200 aicrons was · 

re•ovea in 2 ~inut•a. 

Thuc. a sub*trate having a aonocrystalllne 51 

layer could be toraed ~n the Si02 • 

E.xample 29 

AP type (100) monor.~yata1line Si substrate 

having a d!ameter of 3 inche~ and a th1c~ness of 200 

m1crons was anod.izcd 111 Ci. 50'6 HF solution. The 

10 current deu~lty at this ~iae wae 100 ~/~m2 . The 

porous st.ruc"l"ure for•ation ra.te at 'thls time was 8.-t 

pm/min. and the P-type ( 100) Si substrate h~:wing 4 

thicknes~~ot 200 aicrons as a whole was made porous in 

24 minutP.9. On thc·r-type (lOO) porous Si substrate 

15 41 was grown an Si ep1~axial layer 42 to a thickness 

20 

of 1.0 microns DY to the low pressure CVD •ethod. The 

depositinn condition~ are as tallows: 

Sourc~ gas: ~1H4 
carr!el" gas: H

2 

Teaperatu~e; 000 °c 

Pressure: 1 x 10-2 Torr 

Nex~. on the surrace nf the epitaxial layer 42 

was formed an ox1d1zed layer 45 with a thickness of 

25 1000 angs~romA. Then, another 51 subst~ate 43 having 

an oxidi2•d layer 44 or sooo angstroas on the surface 

• •• • • • ••• 
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l was closely contacted, anc:t by heating in a nitrogen 

. a.taosphen:! at 100 °c fol" O. 5 hour, the tw<.> Si 
u ,. 

substrates ware bonded firmly-together. Subsequently, 

the porous Si ~ub$t~ate 41 was chemically etched away 

S by use a! hydrofluoric acid-nitric •cid-acetlc acid 

solutlon (1:3:8). As the result, the ~i substrate 41 

aade porous ha.~lug a th1ckneRs of 200 a..tcrons was 

remov~d in i minutes. 

Thus, a auhstrate having a monocryetalline 51 

10 layer 42 on Sio2 couJ.d b~ foraod. When S.iH
2
c1

2 
was 

employed, although it waa nece3sary to elevat~ the 

20 

25 

growth teMper~ture by ~ome ten degl'"ees, the 

aocolerateu chemical etching char~cteriotlcs inherent 

in ~he porou~ substrate were m.ain'talned. 

On a P-type (100) Si oubotrat~ 141 having a 

diameter of 3 inohea and a \h1ckness of 200 aiorons 

wa9 grown an Si upi~axial layer 142 with a thickness 

of 1 micron by the CVD aethod. The deposition 

conditionR are ae follows: 

Reactlve gas tlow r•t•: S1H2ci2 1000 SCCM 

H2 230 l/ain. 

Temp~rature: 1080 °c 

Time: 2 11lin. 

liii11iiir1r · 
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1 solution. 'l'hc current densH:y at thia time was 100 

.~A/c~2 . The porous struc~ure formation rate at thls 

lime was S.' µM/ain. and the P-type (lOO) Si substrate 

having a thi0Jcne30 of 200 a1crons as a whole was aade 

S porous. Only the P-type (100} Si substrate 141 W&G 

made porous in this anodization, an~ there was no 

nhange in the Si epitaxlal !ayer 142. Kext, on the 

surfac~ of 'the epit~xial layer 142 waa superposed 

another Si sub•trate 144 h<:t.v1o.g an oxidi2ed layer 145 

10 of 5000 ~ng~troma formed on th• surfaoo , and the two 

Si substrates were bonded together t1raly ~y beating 

a't 600 °r. for 0.6 hour i11 ~ n1troqen atmosphere. 

SubsequontJ.y, the porous Si subst.ratc wa.s chemically 

etched away by use of hydrofluoric a.c1<1-n1tric acid-

15 acet~e acid eolu.'tion (1:3:8). As the rea~lt, 1:he 51 

eub3trate 111ade porous having a thic:kncrs::s ot 2UO 

a1crons was removed in 2 •in~tes. 

Thuo. a substrate having a aonoerystalline 

layer 142 wi~h a thickness of 1 µm on s10
2 

could be 

20 !oraed.. As the reeult of cross-sectional observation 

'by a tran~inissio.n electron 111icroaoopy, it WClS 

confirmed tha~ no n~w crystal defect had been 

in~roduced in the Si layer to maintain good 

crystallinit:y. 

25 ~-pl~ 31 

On a P-type (100) 51 subst~ate 141 having a 

• 

• •• .. . . . .... 
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diame~er of 3 1nches ~nd a thickness of 200 microns 

.~as g~own an Si epitQJ(Jal leyer 142 wi~h a ~hlckness 

of 0.5 aicron by the CVD methOd. The deposition 

cunditions are as follows: · 

Reactive gao flo~ rate: S1H
2
c1

2 
1000 SCCM 

H2 230 l/ain. 

T t 1080 OC· empe.rs ure: 

Pressure: eo Torr 

T1111.e: 1 aln. 

The substrate wa.s .:inodized in a 50~ K.F 

~~lution. The current denslty at thJ~ time ~as 100 

m.A/cm.2 . Tl1e porous structure .fo.raation rate at 1:h1s 

•• 

tim.e was 8.4 µm/ain. and the P-type (lOO) Si substrate 

1'1 havin.g a t:hickness or 200 aicr-t>ns aa a whole was 

15 lll4de porous 1n 24 minutes. Only the P-1:ype { 100) 5] 

.substratA 1'1 was made poroua in this anodization, and 

there was no change 1n tne 51 epitQ.Xial layer 142. 

Next. on thA surface of the epl~axlal layer 

142 was fnrmed an oxidized layer 146 wjth a thickness 

20 of 1000 ang~troa~. Then. another S! substrate having 

an oxid1zed !aye~ 145 of sooo angstroms tormed on the 

surfar.e wae olooely contacted. and the two Si 

subst.ra.tes were bonced 1'ngeth•Z' fiJ:aly by heat 1ng at 

700 °c tor o.s hour. Then, the porous Si substrate 

25 was ah6aically etched away by use of hydrofluoric ac1a­

nitric aeid-ace~lc acid snlution (1:3;8). A~ the 

-
• . " .. .. 
r . .. 
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1 rP.!'lu l t, the Si eubotratc :111.a.de porous hav1ng a 

thickness of 200 microns was removed 1n 2 ainutes. 

Thus. a ~ubstrat• having a aonocryat«lline Sl 

l;ty4r on Sio2 could be foi·aed. As 1:he result of c:ross-

5 sectional obaervation by .~ransaission electron 

10 

microscopy, it wa~ confirmed that no new crystal 

d~f&ct had been introduced in ~he ~1 layer ~o maintain 

good cry$tall1n1ty. 

EXam.ple 32 

On the ~urface of a P-~ype (100) Si substrwte 

141 having a diameter of 3 inches and a thickne~s ot 

200 microns w~s formed ~n N-type Si layer 142 with a 

thiekneee of 1 JD.ic:i:·un by 1on l.m.plantation of protons. 

h . ... i l d 15 ( i 1.) T e am.oun~ ot H mp ante was 6 x 10 ons/cm . 

JS The sub!'lTrate was anodized 1n a ~0% HF solution. The 

current den3ity ~t thls ~lme w~s 100 aA/ca2 . The 

porous s~ruc~ure formation rate at th1s tlme was A.4 

Wt/ain. ~nd tho P-type ·( 100) Sl substrate having a 

thickness of 200 microns as a •hole WQS made porous 1n 

20 2' minutes. Only.the P-type (100) 51 substr~te 1~1 

was •Rde porous in thls anodizatfnn. and there was no 

change in lhe N-type Si layer 142. Next, on the 

surface of th~ epitaxiQl layer 142 was formed an 

oxidized layer 146 wlth a tblckn@ss of 1000 ang$troms. 

25 Then, auother ~i suh~trate having an ox1c1ized 1 ayer 

14' ot ~000 angatro•s foraed on the surface waa 

.. .. ,. ,. ,. 
rr .. 
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1 closely oont~cted with the abuve ox1d1Zed layer 146, 

and the two 51 substrates were bonded ~ogethar f ir•lY 

by heatlng at 700 °c for o.s hour. Subsequently, the 

porous Si .eu.botratc waa clle.mlcally etched away 'by use 

5 of hydro!luoric acid-n1tr1c acid-ace~1c acid solution 

{1:3:8). A~ the r••ult, the Si substrate aade porous 

having a thickncaa of 200 microns was removed in 2 

udnu.tc::s. 

A substrate having a aonocrystall1ne Sl layer 

10· on s10
2 

could be !urmed. 

Also the thickness of the aonocrystalllne 51 

!ayer nhtained was CKeJa.ined by use O! Scanning 
. 

IUUpoom.eter. Ats the result, wif"hin the plane of the 

3 inches water, th~ difference between lhe max1mWl1 

15 valuP. and tho ainiaum value ot the ttt1ck"ess of the 

. . 

aonocry$tall1ne S1 layer w~s found· to be suppre~sed 5~ 

20 

or less based nn the aaxiawn. value of the thickness. 

As the r•ault of plan-view observation of the 

monocrystalline 51 layer by a transais3ion elec~ron 

aicroscopy. the dislooation defect dens1ty was found 

~o be auppreeaed 1 x.1031cm2 or less, whereby it could 

be con!irmed ~hat no new crystal defect had been 

1.nt:roduced in the aonocryat.,.lllne Sl layer formation 

step to maintain good. crystallinity. When the lite 

25 tim• of minor1~Y carriers was aeaau.red tor the 

monocrystallin• layer by us• ot the MOS c-t aethod, a 

. . . . 
• . . . . .. . .. 
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1 high value of 2.2 x 10 &~c. was exh1b1~ed. 

Example 33 

A P-~ype (100) aonooryat~lline Si $Ubs~rate 

having a diaacter of 3 inch~~ an~ a thlCkness of 200 

5 microns was ~nodized 1n a 50~ HF solution. The 

2 current density at this tiae was 100 m.A/cm . The 

porous ctructuro for:autlion rate a~ this t.1111.t'! was 8.4 

µm/m1n. and the P-type (tOO) Si subetrQte having a 

. . 

thicknA~s of 200 aiarons as a whole was made porous in ... 

10 24 ainutea. 

on the P-typP. (100) porou~ Si substra~e 51 was 

orown ~n Si epitaxial layer ~2 lo a thickness of 0.5 

microns ~t a low temperature by the MBK aethod. The 

dopos1t1on conditions are as follows: 

Temperature: 700 °c 

Pressure: l x lO_g Torr 

Growth rate: o .1 m&/sec. 

Next, on the surface of the epitaxial layer 52 

was superpo~ed a fused silica substrate appli~d 

20 with optical polishing, and by heating in a nitrogen 

~~mogphare at 000 OC for 0.~ hour, the two 9UbDtr~te~ 

were bonded t1ra1y tog-.thar. By the low pressure CVO 

me~hod.. S:l 3N4 waa ooa.ted on Lbe bonded. substrat·P. 

with a thickness gf 0.1 lllll. Sttbsequently, only '-he 

26 ni~ride tila 54 on the porouo substr•le 51 was removed 

by r·eac'tiv.e ion et:ching. Then, the pol"nus Si 

. . . . . . . . . . . . . . . . .. 
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l !'l1tbstrate 51 wao ehem.ieally etc:h~d away by use ot 

hydrofluoric ~cid-n1~r1c acld-acet1c ~eid solution 

(1:3:8). AS the re!'lult, th• Si eu.b::ltrate 51 made 

port)tt9 having a t:hicknets$ of 200 aicrons was reaoved 

5 in 2 m.inutes. Atter removal of ~he Si3H4 layer 64, a 

subs~rate having the monoorystall1ne Si layer 62 with 

a thicknesa of 0.6 ~· un the rusett silica 53 could be 

obtainec.1. 

As the reeult of eross-~ectional oDservation 

10 by transaission electron microscopy. it was confirmed 

that no new crystal defect had been introdu.ced in the 

51 layer to maintain good cry$lall1nl~y. 

Exalllplc 34 

AP-type (100) ~onoorystallin~ ~i subs~rate 

15 having a diaaeter of 3 inches and a thickness of 200 

aic~ona was anod1Zed 1n a 50- HF solution. The 

current densJty at this t:ime waa 100 llA/cm2 . The 

poroug at:ruoture form~t1on ra~e at this tiae was 6.4 

J.l•/m.in. ·ancl the P-type ( 100) Si subatrate having a 

20 thickness of 200 »iorona aa a whole was made porous in 

24 n.inut:ea·. On tbe P-type (100) po:t'ous Si substra"te 

51 was grown an Si Apitaxial layer 52 to a ~hickness 

or :S lllicrons by t:he pla:saa CVO method. The dcpooitiou 

conditions are as tollows: 

25 Gas: S1H
4 

Radio frequenQy power: 100 W 

~liiitiiifff 

... . .. 
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- 104 -

Te•per~ture: 600 ·~ 

~resaura: 1 x 10-2 Torr 

Growth rate: 2.5 OJA/$eC. 

< .. 
r • . . . 

Next, on the surface of thP. epitaxial layer SZ 

5 was superposed a glass substrate having a softening 

point around 600 °c ~pplled w1~h op~lcal polishing, 

0 and by beating 1n a nitrogen atzosphere at 450 C for 

0.5 hour. the two aubatrate~ were bonded r1rmly 

together. By tbe low pressure CVD &ethod, Si 3 N4 was 

10 coated on ~he bonded substrate with a thick.Iles~ ot 0.1 

um. Subs~quently, only the nitride tllm ~4 on ~he 

porous oubatrete 51 was removed by reactive ion 

etching. Then, the porous Si oubstrate was chemically 

etched away by u~e of 6M KOH solutlon. A9 the reeult, 

15 the Si substrate made porous having a thickness of 200 

•icrons was removed in 2 a1nute$. At~er removal of 

the Si3 R4 layer, the monocrys~alline layer 62 with a 

thickneas o! e "• on the low softeni~g glass substrate 

53 could be ohtain•d. 

20 Exa•ple 36 

A P-t:ype (100) •onooryst:alli.u~ 51 substrate 

having a diaa•t:er of 3 incbes and a thie.lcDees of 200 

,•icrono was anodized 1n a 50~ HF solution. The 

current denai~y a~ this timo wea 100 aA/ca2 . The 

25 porous structure formation rate at 'this time was 8. 4 

µa/min. and the P-~ype {100) Si substrate having a 

. . . . .. . 
. .. 

• • 41 •• 
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1 'thlckness of 200 microns as a whole wan made porous 1n 

2~ ainutes. On the r-type (100) porous 51 substrate 

51 was grown au 51 e'Pl'taxlal laye?' 'to a thickness of 

1.0 micron by thP. bias-sputtering method. The 

5 depoaition conditions are e~ follows: 

10 

~F frequency: 100 MHz 

Rad~o frequency powor: 600 W 

0 
Temperature: 300 C 

-3 
Ar gas pressure: 8 x 10 Torr 

Growth tiae: 120 minute~ 

Target direct current bi8~= - 200 V 

Substrate direct current bias; ~ 5 V. 

N•xt, on the surface ot the ep1tax1~1 layer 52 

w~s superposed a glass substr~te 53 having a aof tening 

16 point around Sao 0 c applied with optical polishing, 

~nd by heating in a nitrogen at•osphP-re at 450 °c for 

o.s hour, the 'two substratP. were bonded firmiy 

together. Ry ~ha low pressure CVD ~ethod, Si 3
H4 was 

coated on the bonded substrate wJth a thiaknese ot 0.1 

20 µa. subsequent.Ly'. only the nitride fila on 'the porous· 

substrate was reaoved by reac~1ve 1on ~tching. Then, 

'the poro\l.e Si substrate W&f' chellically etched away by 

U$e ot hydrofluoric acid-nitric acid-acetic acid 

solut"ion {1:3:8). Aa lbe result. t"he Si subotrate 51 

25 aade porous h~ving a thickne$9 of 200 microns was 

. . 
. .. . . . . .. 
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t layer 64, a oubst~~te havlng ~he monocrystalline layer 

52 wlth a th1ckness·of 1.0 µm on the low aelting point 

qlass could be obtained. The oame eftect could be 

also obtained when Apiezon Wax was co~t•d in plaoe of 

5 the s1
3

H
4 

layer, and only th• Si eubstrote 51 made 

porouR could be removed. 

Also the thickness of ~he m.onocrysta.lline Si 

layer obtained was examined by use of Scannlnq 

F.\lipsom•~er. Ao the re~ul~. within th4 plane of the 

10 3 inches wafer, ~ne a1ffer~nce between the aaximum 

value and the -iniaum value of the thickness of the 

monocryotalline Si layer was tound ~o be auppresoed ~~ 

or leos based on the maximu.a value of the lhickness. 

As t:he result of plan-view ob::servat1on of the 

15 monocryetQlline Si laver by a ~rQns•iaeion electron 

microscopy, ~he diRlocation defect density was fnund 

3 '.l to be supp.l"esoed 1 M 10 /cm. or less. whereby it could 

be confirmed that no new crystal defect hed peen 

introduced ln the monooryatalline Si layer formation 

20 step to aaint~in good crystall1nity. When the life 

25 

~i•c of minority carriers was meaGured for t:he 

aonocrys~alline Si layer by us~ ot the MO~ C-t ae~hod, 

a hjgh val~e of 2.0 x 10-3 sec. was exhibited. 

Ex~•ple __.!!. 

A P-typ• (100) aonocrys~alllne ~i substrate 

having a dilllleter uf 3 1nches and a thickne~3 uf ZOO 

11iiiii1ifilii 

• .. . 
• . ... 
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1 microns wao ~nodized in a SO~ HF solution. The 

2 current density a~ this time was 100 nA/cm . The 

. . 
• • • 

porous atruct:urA formation rate at this t:i111e was 8.4 

µa/ain. and the t'·-type ( 100) SJ. substrate nav1ng a 

•• . .. 
• • •• 

s thickness of 200 •icrons as a whn1e was made poro~e in 

10 

24 minuteR. On the P-type (100) porou:s Si sub:itra~e 

51 W3G grown an Si epltax1al layer ~o a thickn~s$ of 

10 microns by the liquid phase growth aethod. The 

grnwth conditions ~c aa foll01ts: 

Solvent: Sn 

Growth temperature: 900 °c 

Growth ~~•oephere: H2 

Growth time: 20 minutes. 

Next. on th~ su~faoe of the epitax.lal layer ~2 

15 was superposed a gla~s substrate ~3 naving a softening 

point aruund 600 °c appli~d with optical polishing, 

0 and by heating in a nitrogen atmosphere at 750 C for 

0.5 hour, the two sub•trates were bonded firmly 

together. By the low p~essure CVD aethod, Si
3

K
4 

was 

20 coated on the boqded substrate with a th1cknesR of 0.1 

µa. Subsequently, only the nitride til• on the porous 

a~bstrate was removed by reactive ion etching. Then. 

the pn'l"Oll.e Si •ubQtrate wtu1 che111cc:u.!y etched away by 

use cf hydrotl~or1c acld-ni~rie acid-acetic acid 

25 solutJon (1:3:8)_ As the result, the Si substra~e 51 

made porous having ~ thlckness ot 200 aierons was 

.. • . . .. . . • . ... • . • .. ... 
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1 remuved in z minutes. After removal of the S1 3N4 

layer SA., A substrate hav.ing the aonocry:Jtalline S.1 

layer 62 with a thickne~a u! 10 µm on the glass 53 

could be obta1ne~. The same effect could be also 

• . . 
. 
• . 

~ obtained when Apiezon Wax was ccated in place o! the 

s1 3 N4 layer, and only lhe Sl substrate made pnrous 

could be completely removed. 

P.xample 37 

A P-type ( 100) llOnocrystall.i nP. Si subs-crate 

10 having a diaaeter of 3 inch•• and ~ thicknes:J o! 200 

mir.ron~ WaQ anodiz~d in a 50'6 HF solutlon. The 

current density at th1s time was 100 m.A/cm 2 . The 

porous structurA formation rate a~ thi~ time was 8.4 

Jl1't/ain. and t'ho I'-type (100) Sl substrate having a 

•• . 
•• 
•• 

16 thicknes~ of 200 microns &ff a whole wao made porou~ in 

20 

25 

24 m1nutas. On th• P-type (100) porous 51 substrate 

51 waa gl'own a.n Si epitaxial layer 52 to a thicki:icaa 

of 1.0 •lcron by the low pressure CVD method. The 

deposition conditiono arc as follo~s: 

Source ga•: S1H
4 

800 SCCM 

ca·rrier aas: H
2 

iso l/sain. 

Te.perature: 850 °c 

Press~re: 1 x 10-2 Torr 

Growth rate: 3.3 na/aec. 

H•x"t, OA the Stlr.face Ot the @l'\itaxial lil.yer 52 

was Duperposed a tused siliea subst~ate 53 applied 

.. • • • . .. 
• r . 

• . ... • • . ... . .. 
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l with optical polishing, and by heating in a n1~rugen 

atmo•phere at 800 OC !ur O.~ hour, the 'tWO 51 

substrates were bonded firmly together. 

By the low pressure CVD me'thocl, S1
3

N
4 

was 

6 coated on the bonded ~uu~trate With a tnickness 

ot O.l µ•. Subsequently, only the nitride film on 'the 

porous substrate WQS removed by re~ct1ve 1on etcblng. 

~- t ,. 
tr #Ir 
• r 

• • ... !" • . . .. 

Then, the porous 51 substrate 51 was chemically etohcd 

away by use of hydrofluoric aoid-nitrie acid-acetic 

10 acid solution. As the result, 'the Sl substrate 51 

made porous havlng a thickness of 200 aiorona was 

re.moved in 2 minutes. After removal of the S13N~ 

layer, a substrate havlag the monocrystalline Si layer 

S~ wi~h a ~h1ckness of 1.0 µm on the fused ~ilica 

15 substrate 63 could be formed. 

When S1H2c1 2 as the source gas was employed, 

alt.hough l't was nece9sary to elevate the growth 

temper~t~re by some ten degree~, the accelerated 

chemical etching charac'l:eristicA inhe:rent in the 

20 porous substrate were aaintained. 

25 

Exalllple 38 

On a P-type (100) Si substrate 151 having a 

diameter of 4 inch•• and a thickness ot 300 microns 

w~s grown an Si epitesAlal layer 152 witb a thickne~s 

of 1 micron by t~e CVD •~thod. The deposition 

cond1t1ons a~• as followa: 



1 

5 
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Reac~1ve gas flow rate: SiH2r.1i 1000 SCCM 

H
2 

230 l/min. 

Teaperature: 1060 °c 

Pressure: au Torr 

Ti111t1t: 2 lllin. 

The subotrate was anodized ln a 50% HF 

• . . . • • • 

solution. The current density at this tiae wns 100 

m.A/c111
2

. The porous structure form.at 1<.m rate at thls 

.. 
• .. . . .. 

time waa 8.4 µm/a.iri. and the P-i:ype (100) 51 subs'trate 

10 151 hav1n~ a thickness of 300 microns ~s a whole was 

made ~orous in 36 ainute~. As d~~cr1be4 above. only 

the P-type (100) Si substrate 151 w~9 made porous in 

tb.is anodiza~1on. and there was no chenge in the 51 

epitaxial layer 162. Next, un the surrace of the 

15 epi:taxia.l layer l5Z was superposed a fused silica 

substrate 154 applied with optical poli~hing, and the 

twn substrate were bonded toge~ner r1rmly by heating 

at 800 °c for 0.5 hour in a nitrogen atmosphere. By 

the low pre1u,ure CVD method, Si
3

N 
4 

was <1eposi ted with 

20 ~ thickneeo of 0.1 µm to be coated nn the bonded 

su.bsti·attt." subsequently the nitride film 155 on the 

porous suh$trate 153 was remo~~d by reactive. ion 

etching. 'l'hen, the porous 51 substrate wao chemically 

etched away by use of hydrofluoric ac1d-n1tr1c acid-

25 acetlc ar:id solution (1:3:8). As the result, the s1· 

substr~te 163 made porous having a thioknes~ of 300 

.. . 
• . . . . . . . ... • . • •• . .. 
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1 111.icrone w:i.:i removed. in 4 miuu.Les. Aft:er removal or 

5 

10 

20 

the S.13 N4 layer 156, a SUb$trate bav_i ng the 

aonocrystallinP. Si layer 152 having a thickness of 1 

µa on the fuGed silica ~ub$~~al~ 154 could be tormP.d. 

As t:he result: or cross-sec"tional observation 

by transmis~ion elec~ron aioro~copy, it w~3 confirmed 

that no new crystal d~!ect had been introduced jn the 

31 layer t:o maintain good crystallinity . 

.Bxamp.1 e 39 

On a P-type (100) 51 substraTP. 161 having a 

diameter of 3 1ncheR and a thiokneo3 of 200 microns 

was arown an Si epita.xi~l layer 1~2 Wlth a tn1cknAss 

of o.s micron by the CVD method. The deposition 

cond1t:1ons are as follows: 

Raaotive ga$ flow rate: S1H
2
c1

2 
1000 SCCM 

H2 230 l/min. 

Temperature: 1080 °c 

Presoure~ 80 Turr 

T 1me: l •in. 

The f'Ubstra'te waa anodized 1n a ~O" HF 

solution. · The c:urren"t <1ensity at this time wao 100 

mA/c•
2

. The porous structure formation rate at thi~ 

~i•e waa A.4 µ•/•in. and th• P-~ype (100) Si substrate 

151 having a thickness ot 200 microns as a whole was 

25 made porous in 24 minutes. Only the P-type (100) Si 

substra~~ was aadc porous in ~hls anodi7.ation, and 

--:.·· 
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... • ., . •• . • 
r . • • f • 
r • .. • •• 



~· .,. ~ ,. 
- 112 - r r 

•• •• • • • • • • •• • • • • • • . . . . 
•• •• 

1 thP.rP. wa$ no change in the Si epitaxi~l l~yer 152. 

Next, on the surfa~e of the epitaxial layer 

lC52 was superposed a tused silica ~ubstrat~ 154 

applf P.d with optical polishing, and the two $Ubstrates 

n 
s wcro bonded together tirmly by heat1na at 800 C tor 

o.~ hour. By the low pressure CVD method, Si 3N4 w
a~ 

d-.posited with a thickness of 0.1 J.1llL to ue coated on 

the bonded substrate. Subsequen~ly the nitride film 

155 on the porous substrate 153 was removed by 

10 reactive ion etching. Then, th~ porous 51 su~strate 

was chemically etched away by use of hydrofluoric aoid-

n1tr1c ac1d-aceti~ acid solution {1:3:8). A& the 

result, t£e Si Qubatrate 153 made porous navlng a 

thickness ot 200 microns was rP.moved in 2 minutes. 

15 AfTer removal of the Si 3N
4 

layer 155, a aubstrate 

having the aonocryatalline 51 layer 152 having a 

thicJcw:ss ot 0.5 µa on the fused silioa 15-' could be 

formed. A* the ~·a~lt of cro$s-se~t1onal observatJon 

by tranaaisoion electron nlcroscopy, it was confirmed 

20 'that no new crys~al dP.f@ct had been inti-oduced in the 

~1 layAr to maintain good crys~all1nlty. 

Jb{amp le 4-0 

On the surface of a P-type (100) Si substrate 

151 having a di~cter of 4 inches anc a thickness of 

25 300 microno was tormed. an ff-type Si layer 152 with a 

thickness of 1 •ieron by ion implant~tion of protons. 

•• • • • •• • • • •• • • • • •• • •• 
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2 
l The aJROa~t ·of H+ iaplQntcd WQO 6 x 1016 (ion~/ca ) • 

The su.bstra\.e was anodized in a ~0'6 H!' solution. The 

current density at this time waft 100 mA/cm
2

. The 

porous etruoturc forawtion rate at thi$ time wa$ 8.4 

p 

5 µm./.m.in. an<l the P-type ( 100) 51 substrate i:H hav1ng a 

thickness of 300 microns as a whole was made porous in 

37 m.inu.tco. Only the ['·type ( 100) Si su.bstt"f::&\.e wa::s 

m~de porous in thls anodization. and there was no 

change in thP. H-typ• Si layer 152. Next, on the 

10 a~rfaoc of the N type Gi layer 152 wa~ ~~pe.rposed a 

r~sed silica substrate 154 with optical polishing. and 

the two ~ubstrates w•r• bonded together firm.ly by 

heating wt aoo uc for O.ti hou.1· ln a nitrogen 

atmosphere. By the low pressure r.vo aethod, s1 3M4 wae 

15 deposited to a thickness of 0.1 µ:m. to be coated on the 

bonded substrate. Su.bsequentlv, only the nitridP. film 

1~~ on the porous substa~P. 153 was removed by reactive 

ion etching. Then, the porou~ Si auba~rate was 

cheaically etched away by use ot hydrofluoric acid-

20 n1trlc acid-acetic acin solution. Ae the result, the 

~i suhsitrate 161 .ra;1de porou:s having a thlckness ot 300 

microns wa~ reaoved in 4 •inutes. After removal of 

the S1 3 N4 lay•r 155, a a~betr~te having the 

monocryeto.lline 01 la.ye~· 152 wl'tn a 'thlCkness nf 1. o 

2·s ~m 011 the fused silica 154 cou td be formed. 

Also ~he thickness of the aonoc&ystalllne ~i 

... • . . . . 
• .. . .. , • . • .. . .. 
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1 l~yer obtained WQo examined by u~~ of scannlng 

Ellip~ometer. As the result, within the plane of the 

4 inches wafer. ~hP. difference between the maximum 

v=-lue and the sainimWIL value uf the thickness of the 

s monocrystall111e Si layer was found to be suppreooed 61' 

or less based on the aa."Cim.um value of ·th~ thickness. 

As the result of plan-view observation of the 

monocryslall1ne Si layer by a transmisoion electron 

microscopy. the dialoct1.tion defecl denslty was found 

10 to be suppre~sed 1 x io3 /cm 2 or 1P.S$, whereby it could 

be confirmed that no n~w crystal defect had been 

introdu~•d in the aonocry3talllne Sl layer formation 

step to maintain good crystallin1ty. When the life 

time ot minority r.arriers wao measured for the 

1~ monoc~ystalliue Si layer by use of the MOS C-t method, 

-3 a high value of 2.2 x 10 s~c. was exhibited. 

Shortly gp(lla]dng, aecordlug t:O 'the present 

i nv•nt: ion, in obta.i!1lng an !:il crv~talline layer 

cxcollenl in crystallinity equal to .m.onocrystall1ne Si 

20 water also on a li~ht-·tre.nsparent lnsulating .11111.terial 

Sll.bstratc represented by glass. a proceoo for forming 

a semiconductor sub~trate excellent in aspects of 

productivity, uniformity, controllability. economy c~n 

be provided. Further, according to the pre~ent 

2 S inve.u·t1on, ~here can be provided cs process fnr forming 

a semicnnduc~cr o~b3tra\~ broad ln sr.ope of 

111111u1ii1nr 
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1 ap~l1cat1on which can m;:i.ke avail o! the advant.ages-of 

the SOI device of the prlor. 

A P-type (100) monocryslall1ne Sl subsTrate 

5 having u diaaeter uf 3 1nches and a thickness of 200 

m.icrons was anod.ized in a 509' HF solution. Tne 

current ~@nsity at thie time was 100 mA/cm
2

. The 

porouo structure tormatlon rate at thie time-was 6.4 

µm/min. and. the P-type (100) Si substrate having a. 

10 t:hit'!Jcness of 200 mic1·on.s as a wholA was made porou$ in 

24 ainu:tes. 

on thP. P-type (100) ~orY~~ 51 substrate 61 wag 

grown an Si epitaxial layer 62 to a thickne~e of 0.5 

aicrons by the M8~ method. The depoait1un conaitions 

15 are as tallows: 

20 

Tcaperature: 700 °c 

Pressure: t x 10 ·9 Torr 

Growth r4te: 0.1 nm/sec. 

Next, or\ the surf ar.~ of the epi 'taxial layer fi 2 

was superposed a fused silica subs~rate 63 applied 

with optie~l polishing, and by heating in a nitrogen 

ataoephere at 600 nG fo~ 0.5 hour, the two substrates 

were bon4ed firMly together. Then, the porous Si 

subs't1"'a1:e 61 was cbe.micallY etched away by use or 

25 hydroflu.o:z.·ic acid-nitl"ic acid-acetic acid solution. 

As the re.sul 1'. the Si subs'trai:e ti l aad• porouo ha.v1t1g 

This Sheet Has Been Replaced 
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l a thickness ot 200 tllicrons waa removed 111 2 mlnu.tes. 

10 

A subs.t'l"ate b.aving the lllO!&v<..:rystalline SJ layer 62 

with ~thickness of o.5 um on the fused oilica 63 

could be obtained. As the result of cross-sectional 

observ~tion by trana•iosion electron microscopy, it 

was confiraed that no new crystal defect bad been 

introduced in the Si layer to malntaln good 

cryiJt:all ini ty. 

E~&11lple 42 

AP-type (100) ao110crystalllne Si substrate 

having a diem.eter ot 3 1ncheR and a thickness uf 200 

aicrons was anod17.ed in a 60% HF solution. The 

2 current d4nsity ~t this time was 100 m.A./cm . The 

porous structure tormation rate at ~hi~ tim~ was 8.4 

15 µm/min. and the P-typ• (100) Si s~bstrate having a 

thickness of 200 aicruns as a whole was made poruus 1n 

2~ minutes. On ~he P-type {100} poro~~ 51 substrate 

61 was grown an Si epitcxial layer 62 to a thickness 

ot 5 microns by tbe plasm.a CVO lll$thod. The dep0Sit1on 

20 conditionu are as .followa: 

Gas: SiK4 

Radio frequency power: 100 w 

Temperature.: 800 °c 

Pressuro: 1 ~ 10-2 Torr 

Crowth rate: 2.S mi./aec. 

Nex~. on th• surface uf the epita:J<ial layer 62 

... • • .. •• • .. • • .... • . • ... . .. 
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1 wao supel:'pos~d a glass substl"ate having a. 8oftening 

point: around 500 °c applied with optical polishing. 
0 

and by heating in ~ nitrogen a~mospher~ at 450 C fo~ 

o. 5 how.·, the two subs'tt"ates were bonded. fir.ml Y 

.. . . 

5 together. Then, the porous Si substrate 61 was 

r.heaieally etched ~w~y bV use of 6M KOH solution. As 

the result, the Si suhstrate- 61 mad~_ porous having a 

t:h1ckness of 200 microns wa~ removed in 2 minutes. A 

substl."ate haviug the m.onocrystallino Si layer 62 with 

10 a thickness of 5 µm on the low softening point glass 

6J could be obtained. 

F.xa.JD.ple . ~ 

A P-tvrie (100) monocry$lalllne 51 AUbstrate 

hav\ng a di~metcr o! 3 1nches and a thickness of 200 

15 microns w&~ anodized in a 50~ H~ solu~ion. ThP. 

current density at thi~ time was 100 mA/cm2 . The 

porous structure !ormat1on rate at this time was 8.4 

µm/min. and the P-~ype (100) Si ~ubstra~e having a 

thickness of 200 microns as a wholP. was made porous in 

io '-' ainu.toa. On l:~e ~-type (100) porou.s 51 substrate 

61 was gro~n an Si epitaxial l~yer 62 to a thiokne~s 

Of 1.0 micron by the b1as-spu~te~ing aethod. The 

25 

deposition condi~ions a~Q as follows: 

MF frequency: 100 MH~ 

Radio frequencv power: 600 W 

Temperature: ~oo 0 c 

... 
• • 
~ • ...... • . ... 
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-3 
Ar gas pressure: A x 10 Torr 

Growth time: 120 minute~ 

T~rget direct current bias: - 200 V 

substrate di?''!'C't cu.rrcnt bi~s; + 5 v. 

' 
~ 

". . . ' r 

• .. .. . .... 

~ Next. on the ourf~ce ot ~he epi~~xial layer 62 

wag superpo3ed a glass substrate 63 haviQg a ooflen1ng 

point d.i:·oun<1 !>OO 0 c applied with optical polish:ing, 

0 
and by hPating in a nitrugen atmosph~re at 460 C for 

0.5 hour, the two substrates were bonded !irmly 

10 together. Then, the porous Si substrate 61 was 

chP.mically etched away by use of 7 M NaOH solution. 

A~ deserlbed ~bove, the chemical etchlng rate 

ot ordlnary Si aonccryatal relatlVe to 7 M NaOH 

snhttion io abou.t a. little les:R than 1 11.icron per 

15 minute, bu~ the chemical etching rate ot the porous 

laver is ~r.celot"atcd by e1.bout 100-fold thereof. Thal 

is, the Si subtitrate 61 made porous having a thickness 

of 200 microns was reaoved in 2 a1nutea. A substrate 

havina tho inonocry:stalllne 51 lll\yer 62 with a 

20 thickness vr 1.0 lllll on th• low aelth1g point glass 63 

could be tQrmP.d. 

Aleo the thickness of 1:he monocrystall1ne S.i 

layer obtained was exaained by use ot Scanning 

Elllpsome~P.~. Ae the result, wlth~n the p~ane of the 

25 3 inches w~fer, lhe ditfe~•nc• between the maximum. 

value and 'the mininitua value of the thicknP.ss of the 

•• • • . •• ,,. . • ••• . .. . ... • •• 
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m.onocrysto.lline Sl layer was found to be suppre~sed !>X 

or less based on the aaxiaum value of the thickness. 

As the reault of plan-view observaTjon of the 

monocrystall.ine Sl layer bV 11 transmiseion elecLron 

6 microscopy, the dislocation defect dens1~Y was found 

3 2 to be i:tuppresecd 1 x 10 /cm. or less, whereby it could 

be confirme~ that no new crystal defect had been 

introduced fn the aonocrys~all1ne Sl J~yer formation 

atep to maintain good crysta\linity. When the l1fe 

10 time ot m1nor1ty carriers was measured tor the 

monocrvs~alline l~yer by use of ·the MOS C-t method, a 

high value of 2.1 x lo-3 sP.c. was exhibited. 

~x~m.p l.e 4 4 ~ 

A P-typc { 100) monocrystaIJ·ine Si =ub:stra"t~ 

16 having a diameter or 3 inches and a thickness of 200 

microns wa~ anndized in a so~ Hr solu~inn. The 

cur~P.nt denoity at this 'time was 100 mA/cm2 • The 

porous struct:ure formation r~te at this ~im.e was 8.4 

µ~/mln. anrl the P-type (100) 51 subf\trate having a 

20 thieknees of 200 alcrons BR a whole was mctde porout' in 

25 

24 minutes.. on the P-type (100) porous Si substrate 

61 was grown an Si epitaxial layer 62 to a thickness 

of 10 alcrons by·~he liquid phase growth method. The 

gl"owth condi'tionA are as follows:· 

Solvent: Sn 

Growth t:emperat-u.re: 900 °c 

iii'iiii1ii1~f 
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Growth atmo~phere: H2 

Growth t: iae: 20 m.inu.1.es. 
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Next. on ~he surtace of the apitaxi~l layer 6Z 

was su:perposed a glass substrate 63 having a sotl:ening 

point around 800 °c ~pplJed with optical polishing, 

0 
and by heatlug_ Jn a nltrogen a1:Jllosphere at 7SO C for 

o. ~ hour. the twn substratc3 were bonded firmly 

tng~ther. Then, the po.rous ~l subst~ate 61 w~~ 

cheaically e~ched away by use of hydrofluoric acid-

io· n1tr1c acid-~cetic acid ~olutlon. As the result, the 

~i subatr~te 61 m~de porous having a thicknes5 o! ZOO 

microns ~as removed in 2 min~tes. A ~ubstrate having 

rr 

the monoCJ"YS1:allinc Si lay~r 6Z with a thickneso of 10 

Jllll on the gle.oe 83 could be obtained. 

15 ~ample 45 

20 

A P-typc (100) monocrystalline Si substrate 

having a diaa~ter of 3 inches and a thickness ot 200 

microns was anndized in a so~ HF solution. The 

current density et tlds 1:1me wal' 100 aA/cm.2 • Tbe 

porou~ structure torma~ion rate at ~his ~lme waa 8.4 

µm/min. ana the P-type (100) Si substrate having a 

~hickness of 200 microns as a whole was made porous in 

24 ainute~. On the P-type (100) porous Si RUbstrate 

61 was qrow~ an Si opitax.1al layer to a thicknes~ ot 

25 1. 0 mic.l"on by tbe low pres:iJllra CVD method. 1'he 

dcpo$itiou conditiong are as follows: 
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~ource g~$: SiH4 aoo SCCH 

Carrier 9&$; H
2 

l~O l/mln. 

Temperature: 850 °c 

PresA11re: 1 x l0- 2 To1·1· 

Growth rate: 3.3 nm/sec. 

. . .. ,.,.,. ,. 
. . . . .. .. H 

Next, on the surface of the epitaxial layer 62 

was superpo~ed a fused silica substrate 63 applied 

with optical polishing~ and by heating in a nitrogen 

0 atJUosphere ai: 800 C for 0.6 hour. lhe two substrates 

10 were bond@d firaly together. Then, the porous Si 

subatr~te Gl w&s chem1cally etched away by ~s~ ot 

hydl·otlu"bric acjd-nitrio a.eid-ac~tic acid solution. 

A~ thP. result, the Si ~ullstrate 61 made porous having 

a thicknes~ ot 200 microns was removed in 2 minutes. 

16 A substrate having.the aonocrysi:alline Si layer 62 

with a thiokne~s oC 1.0 ~·on the fused silica 63 

cou.ld be !ormed. WhP.n S1H
2
c1

2 
as· the source gas was 

~Dlployed. ;although it waa necessary to elevate the 

grnwth telllperat~re by some ten degrce::s, the 

o.rn::clerated cl'le:m.ic~l etching charac"Cerist iaE' inherent 

in the poro•.is au.bot rate wet"e main tai n.ed • 

on a P-type (100) Si ~ubs~rate 161 having a . 

diametP.r of ~ inches and a thickness of 300 microns. 

Z~ was. grown ean Sl epitaxial layer 162 with a ,.hickneco 

of t 11t1cron by t:he CVD meth<.>d. ·rtte dAposition 

. . . . . . .. 
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1 conc.i.itions o.i.-e a.~ follows: 

6 

Reactive g~s flow rate: ~1H 2c1 2 1000 SCGM 

H
2 

230 1/min. 

T 1080 oc em.pere1:ture: 

Pressure: 80 Torr 

Time: 2 ain. 

The substrate wa~ anodized in ~ 50~ HF 

solut1on. ThP. eurr•nt density a~ ~his time was 100 

2 lllA/r.111 . The porous :n:ruc::ture t"raation z:o4te at th18 

10 time was 8.4 l.llll/min. and the P·type (100) 51 substrate 

161 having a thickness of 300 microns as a whole was 

made porous in 31 m1nutes. Only the P-type (100) 51 

:i;u.b:it1·ate 161 was made po:rou:a in this a.nod1zation, and 

there wa~ no change in tile 51 epitaxial layer 162. 

15 Next, on the surface ot the epitaxial layer was 

~uperposed an optical polished !used sili~a glass 

subst-r.ate 164 and tbe two substrates were bonded 

togcthet' Urmly by heat" ing at 800 °c. (or o. ~ hou.r in a 

nilro~en atmosphere. Then, the porous Si subetr&tc 

20 163 ~~g chemically ~tched away by use ot hydrotluor1c 

acid nitr!c acid-acetic acid solu~ion (1:3:A). As the 

resulT.. th~ Si substrate 163 made porous having a 

thickne~o of soo microns w~s reaoved in 4 mlnUtP.s. A 

oubst1·-.r.te ha\ring the m.onocry~talline Si layer 162 

25 hav1nq a t·hickn.eaa of 1 µm on th'1- fused si licl:l glass 

substl:"ate 1G4 c.;ould be for111ed. 

.. 

. .. 
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Al~o the thickness cf the monocrys~~lline Si 

layer obtained was exa•ined by ~3e ot ~canning 

Ellipco:ometer. Aa the resuli:, wi'thjn the plane ot the 

4 inches wafer, the diff.~rence between tue maxJmum 

ls value and the min!mum value of the thickness of the 

monor.rygtalline Si layer was round to be s~ppres$ed 7~ 

or le~s b~sed on the ~axim'WIL value of the ~hlckness. 

As the re9ult of plan-~iew observation of the 

monocryotailine $J layer by a tranaai3aion electron 

10 aicru~copy, the dislocation defect density was found 

to be ~uppr•eeed 1 x 1oa/c11.2 or less, whereby it coqld 

be confirmed. that no new cryat:al defect had. been 

introduced 1n the aonooryatalline Si layer formation 

pro~P.99 to a~intain good. crystallin.ity. When tile lite 

15 ti•e of m1uor1~y carri~rs wae •ea~ured for the 

monocrystalline Si layer by use of the MOS c-t method, 

a high value of 2.0 x 10-~ Aec. waa exhibited. 

~&lllpl~ 47 

On a P-t~e (100) 51 subs~rat• 161 h4ving a 

20 rlia.iaeter of 3 inches and a thickness of 200 microns 

25 

was g1·own an Si P.pitaxia.l le.yer 162 W1'th a thiokneaa 

or o.s m{r.ro~ by the CVD method. The dopositlon 

conditionG are as follows: 

l<eact:lve gae flow rilte; SlH
2
ct

2 
1000 SCCM 

H
2 230 l/JD.ln. 

T~mperature: 1oao 0 c 

. 
. . . . . . .. 
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Pr~ssure: 80 Torr 

Tim~: l 111.in. 

Tho eubs~rate was anndized in a 50~ H~ 

... . 

solution. The current density at this t1me was 100 

mA/cm2 • ThP. poroue structure tormation rato at this 

time was 8.4 µa/min. and the P-typo (100) Sl substrata 

161 having a thicknesa ot 200 microns as A whole wa~ 

made porous in 24 minutes. only the P-type (100) Si 

substrate 16·1 was aade porous in this anod1zat1on, and 

10 there was no change in the Si eplteutial layer 162. 

Next, on the surtace ot th~ epitaxial layer 

162 waa superposed an optical polished tused silica 

glass substrate 16~ and the two aubstratea were bond~d 

tog@tb•r firmly by hea~1na at soo 0 c for 0.5 hour. 

15 Then, tbe porous Si aubatrQ'te 163 was ch'9lically 

etched away by uoe of hydrorluoric acid-nitric acid-

acetic acid $olu~lon. As the ~cault, the Sl substrate 

aade porous having a thickness ot 200 •icrons was 

removed in 2 minutes. A monoc~ystalline Si l~yer 

20 having o. thickness of o. 6 µIll on t:he glass substrate 

could be formed. As the reaul~ ot e~oas-aectional 

observ~tion by tran~1ss1on ~leetron microscopy, it 

was confir~ed that nn new oryotolline defAct had beon 

introduced in th• Si leyer to maintain good 

25 cryR~allinity. 

lbcampl~_!! 

. . .. 
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On the surface at a P-type (100) Si aubstratP. 

161 having a d1amet~r of 3· inches and a thickness of 

zoo Jlllcron~ waa formed cm N-type Si layer 162 with a 

~hickneeo of 1 aicron by ion iaplantation at protons. 
.... 15 2 The amoun~ ot H implanted wao 5 x 10 (ions/ca). 

The substrate w~o euiodlzed ln a 50~ HF solution. The 

current density at this tiae wa~ too mA/cm 2 . The 

porous s1:ructtlre for11u1tion r~te at th1 s ti Ile was 8. 4 

\llll/nin. and the P-type (100) Si substrate 161 hav1na a 

10 ~hicknes~ ot 200 microna as a whole was made porous in 

24 minutes. Only the P-type (100} Si substrate 161 

waa aade porous in ~his anndi2ation, and there was no 

change in the N-type Si layer 162. Kext. on the 

surracA of the opitaxi•l layer 162 waa suporpooed an 

15 opt.ioal poliolted tuaed. si Uea. glass substrate 164 Jll\d 

tho two substrRtes were bonded together f iraly by 

heating at 800 uc tor o.~ hou~. Then, the porous 51 

substr~te 163 was chemically etched away by use of 

hydrofluoric acid-nitric acid-acetic acid solution 

10 (1:3:8). As the res\llt. thP. Si au.bstra.te 163 m.ade 

porouo having a thickness of 200 microns was removed 

in 4 &inute~. A aoftocry~tall1ne Si layer 162 with a 

thiokneae of 1.0 µa on Th~ glaeo substrate 164 could 

be formed. As ~he reeult of cross-se~tional 

25 observa~ion by transalsslon electron aicroscopy, 1t 

w~s confirmed tha~ no nP.w crystal detect had been 

. . . 
. ... 
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1 introduced .fn 'the Si layer to maint:ain good 

crystalllnity. 

Example '19 

A P-'tVDe (100) a.onooryatall111e Sl substrate 

5 ' havin!'.1 a dia111eter of 6 inches and a t.hiclcneos of 600 

m.icl"on~ wao a.nod12e.d ln a 50 9' HF solution. The 

c~rrent density at this tiae wa$ 10 mA/cm 2 . In 10 

minutes. ~ porous l~yer having a thickness of zo 

•icrono w-s toraed on the surface. On the P-type 

10 (100) porous ~i substrate wa~ grown an Si epitaxial 

lS 

layer to a thicknes~ or o.o .a1cron by the low pressure 

CVD methoa. The deposition conditions are as tollowe: 

Ga~: SiH
2
c1

2 
(O.G l/min), H

2 
(100 l/min.} 

Tc=perature: 850 °c 

Pressure: so Torr 

Growth rate: 0.1 µm/m1n. 

Next, the surface of the epitaxial layer was 

thermally oxidized to 50 rua. On th~ thus. obtained 

. . 

~hermally oxidi:od film was superrosed anothor 3ll1oon 

20 substrQte having an oxidjzed layer of 0.8 micron on 

the ~u~tace, and by heating Jn a n1trog~n atao~phere 

at 900 <>c for 1. S hot.trs. the two st.tbotrate11 were 

f 1 ral y borau~d togethftl" . 

•J'hel"P.aft4r I grinding Ot 585 •iC1"0ft8 Wfl;5 

ZS appli~d froA the back side of the silicon substrate to 

have ~h~ ~Qrous layer @Xpoeed. 

. . . . . . . . . 
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Dy the plasma ~VD method, s13N
4 

was deposJted 

lo a tluclcness of o .1 µa to be coated on the bonded 

suh8trate. Sub5equently, only tha silicon nitride 

f Jlm. on lhe porous substrate wa:s re.moved bV reactive 

S • ion etching. 

Then, the bonded subntrate was oubjected to 

oheaically selective etching by use of a hydrofluoric 

acld-ni-rri.c acid-acetic llC1<1 solution. After lS 

ainutc3. the porous 51 layer was oheaically 

10 se1ec~1vely et~hed to be completely removed, and only 

th~ monocryotalline Si layer as the etch-etop material 

remaine~wlth~ut being cheaioally etched. 

ThP. cheaical etching rate ot non-p¢roua Si 

monocrye~~lline relattve to th.P. etchant ia very low aa 

15 about 40 angstroas evqn after 15 minutes, Whereby the 

selective ratio of the etching ra~e between ~he non-

porous l~yer and the porous layer is very large and 

the etched amoun~ in the non-poro~a 51 layer waa 

practi~~lly neg~igible. Arter removal of ·the s13H, 

20 lay4u•, a mon<>cry.stallin@ Si layer having a thickness 

of 0.5 µ111 on the silioon. subs"tra"t:e having an 

1 nsulat- i ng layer- on lhe sur.tace could be fot:m.ed. 

Th~ sallle etfect was also obtained, wh~n 

Apiezon wax or Electron Wax was coated in place of the 

25 Si 3 H 4 . and only tlle 51 layer 111.ade porou:s <.:ot.1.1<1 be 

completely removed. 

This Sheet Has Been Replaced 

. 11111~11111111~11111111 . 
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Also the thickness or the 111onocrystalline Si 

layer obtained W'l$ ~xaained by u.:>e of Scanning 

Rl lipeola.$tor. AG the resull, w1'th1n 'the plane of the 

6 inches wator, the difference between the maximum 

5 • value and the m.in.,mum value of the thickness of the 

mnnocrystallinc Si layer w~~ tounQ to be suppressed 

10~ or less based on the m.axiMWll value of the 

thickness. As the result of plan view observation of 

the aonooryetalline layer by a trans~ission electron 

10 aieroscopy, the dislocation defect density was tound 

to be supp~e•aed 1 ~ 103/ea2 or less, whereby it could 

be eonf i~aed that ~o new crystal defec~ had been 

introduced 1n the monocrystalline Si layer toraat1on 

process tn maintQin good cry~talllnlty. When the life 

15 tiae of aiQo~ity carr1ers was mea~ured for the 

monocrys~alltne Si lay•: by u~e of the MOS c-t method, 

a high ~alue of 2.0 x 10-3 sec. was exhibited. 

A process tor preparing ~ ~~mi~onductor member 

r.~mpris~s tha s~ops of: 

20 forming a membet· l"1a.v iuy a non-oorous 

monocrvs~alline semiconductor r~gi~n on a porous 

monocrystallino semicondu~tor region, 

bonding· ~he surface ot a member ot which t"h~ 

surtace is constitutArl nf ~n insulating subc~once onto 

25 the surfaCQ of the non-porous monocrysl~lline 

=cmiconductox- i·eglvu, and then 

removinq the pornns monocrystalline 

~P.miconductor region by etching. 
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l WHAT IS CLAIMED JS~ 

1. A proce:iss tor preparing a semiconductor 

aeaber eo•prising tne step$ of: 

torm1ng a aeaber having a non-porous 

s aonocry~talline sealconductor region on a porous 

aonooryotalline seiaieondu.otor region. 

bonding the sur!ace ot a •e•ber·of which the 

surface ie constitu~ed of an insulating substance on~o 

tbe aurface of saJd noa-poro~s monocrystalline 

10 5eaiconductor regio~, and then 

~eaoving aaid porous aonocrystall1n~ 

seaiconductor region by etching. 

2. A process tor prepa~ing a seaiconductor 

15 acmber according to Cl41• l, wherein said 

•onocrystalline oe11.1cond.uctor aoaprises silicon. 

3. A process for preparing~ oealconduc~or-

aeaber according to Clai• 1, wherein said po~ous 

20 aonooryat~ll1ne semiconductor region 1• P-~ype. 

4. A process for preparing a se•iconductor 

•eabe~ according to Claia 1, Whel"ein said non-porous 

mouocrys~allinc aeaiconductor region bas a thickness 

25 of 50 aicrons or les~. 

. . . 
• • l/ . . .. 
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e. A proces~ for preparing a aemi~onductor 

member accnrding to Claim 1, wherein sald bonding step 

i9 carried out in ~n a~mospnere containing nitrogen. 

6. A prooeaa for prepar1nO a ae•iconductor 

member according to Clal• l, wherein oaid bonding step 

includes a heae treataent in an ataosphere containing 

nitrogen. 

1. A process for prepar1ng a semiconductor 

meab~r acoo~ding to ClaJm 1, wherein said non-porous 

monocrya"'tall1n.e seaiconductor rogion ia toraed by 

epitaxial growth. 

8. A proeeaa for preparlng a seaiconductor 

meab~r according to Claia 1, wherein said non-porous 

monocrystalline semiconductor region is for•ed 

aecordiag ~o the •ethod aelec~ed troa th• aolea~l&r· 

beaa epi~axial ~ethod, the plas•a CVD method, the low 

io pr~9SIU'c CVD •~thoa, thP. photo CVD aethoa. the liquid 

ph~ae growth aethod or th~ bias-spu~tering aethod. 

9. A procel'ls for preparing a se111iconductor 

member according to Claia 1, wherein said porous 

15 monocry$ta1Une sem.icondu.ctor regioii is obtained by 

making the non-porous seaioonductur aonocrystallinc 

. . 
. . .. 
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l region p~cous by anodi7.ation. 

. .. .. 

10. A process tor preparing a eeaiconductor 

.. . ·-· . 

•ember according to Claim 9, wherein s«id anod1zat1on 

s 1~ carried out in an HF 5olut1on. 

11. A procf'as tor preparillg a sell.1conductor 

me•ber ac~ording to Cl~i• 2, wherein said non-porous 

monoerystalline sealconductor region io 1atr1Ua1c or H-

10 type. 

1~. A process for preparing a semlconductor 

•ember according to Claia 11, whereln said H-type 

silir.on ia foraed by proton irradiation or epitaxlal 

15 growth. 

13. A process tor preparing a aoa1con4uctor 

aembcr aucordtng to Clai• 1, wherein the •••b•r of 

whlch ~he eurfaoe io const1tu~ed of an insu.lating 

20 substanoe com.prl~es a l!ght-tranaaissive aater1al. 

14. A proces~ tor preparing a acm.iconductor 

•e»ber according to Claia 1, wherein the me•ber of 

which the surface ie conot!tu'ted of an inoula'ting 

2~ substanr.• i• a.silicon substrate with its surface 

being oxidized. 
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l~. A pr~ce9a for prepariny a sea1con.c1uctor 

ae•ber ~ccording to Claim 1, wherein etching of oaid 

porouo monocrystalllne aem1conductor region is carrled 

oQt under ~he st~te where the aeabers bonded to each 

other ~re coverod with an an~l-etcbing material. 

16. A process for prepar1nq a se~icoQduotor 

ae•ber aaoording to Cl~1m 15, wherein oaid ant!-

etching material is si11eon nitride. 

17. A process tor p~eparing a sem1conduc~or 

member .accor41ng to Claia 15, wherein sa1d anti-

e~Chlng mate~ial ia Ap1ezon Wax. 

18. A process for prepar1ng a seaiconductor 

foraing a meab•r having a non-porous 

monocrys~a111ne s••ioonductor region o~ a porous 

monocrystalline oeaicon4uctor region, 

forminq a region oonatitutea of an insulating 

~ub3tance on the non-porous monocrystalline 

semiconductor aide or said •••ber, then 

bond1n~ th~ s~rface o! a aeaber of which the 

:nu·ta.ce is oonatituted uf an 1nRula1:ing substance onto 

Z5 the SU.t'facc of the region constituted ot said 

insul•ting substance, and 
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1 removing said porous monocry~talline 

seaiconductot region by etching. 

19. A process !or preparing ~ seJllioonductor 

s aeaber according ~o Clai• 18, whe~oJn said 

monocrystalline se•ioonductor comprises silicon. 

20. A proce•• for prcp4ring • eea1conductor 

ae~ber according to Claia 1a, wherein said porous 

10 •onoervetalline sea1conductor region is P-type. 

21. A process tor preparing a •e•iconductor 

aeaber according ~o Clai• 18, wherein said non-porous 

aonocryatall1ne sea1oonductor re~1on bas a ~hickneas 

15 of 60 •iarons or lcaa. 

22. ~ proce5s for prepar1ng a semioonduc~or 

•eaber acoording to Clal• 18. wherein oaid bonding 

atep is carried ~ut in an ~t•o5phere containing 

20 nitrogen. 

•ember according to Claia 18. wherein said bonding 

25 oont•ining ni~rogen. 

. . . 

. . .. 
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24. A pro~~ss for preparing a ~em1conductor 

member ~ccording to Claim l&, whereln sAid non-poro~o 

monocrystall1ne semiconductor region is formed by 

ep1tax1al growth. 

25. A process for preparing a semiconductor 

member according to Clai• 18, wherein said non-porous 

monocryatall~n~ ae111.1co~uctor ~P.gion is formed 

according to ~he aethod ••leoted fro• the molecular 

10 beam epltaxial ••thod, the plasma CVD method, the low 

pr~ssaure CVD method, the photo CVD aethod, the liquid 

phase grow-th a.e~hod or the biaa-aput~ering m~thod. 

26. A process for preparing a semiconductor 

16 •e~btir according to Clai• 10, wherein said po~ous 

~onocryctalline .aeaioonductor re9ion is obtained by 

making the non-porous Remiconductor •onocrys~alline 

reglon porous by a~odizat1on. 

.. . .. ~ . ' 

rr r 

20 27. A procea• for preparing a semiconductor 

aeaber according to Claia 18, wherein said anodization 

i!t carried out ln an HF solution. · 

28. A process for prepa~ing a 3eaicunductor 

2~ memher aocording ~o C!ai~ 1g, wherein sa1d non-porous 

~onoerystalline se•icondQctor reglon i~ intrinsic or 
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1 N-type. 

29. A process fnr preparing a oe•icoJU1uctor 

member according to Claia 28, wheretn said N-typ& 

silicon is foraed by pro~on lrradiation or cpi~axial 

growth. 

JO. A process tor preparing a aom1conduc~or 

ae•ber accord1nq to Claia 18, wherein the teaber of 

10 which ~he ~u.rface is constituted of an insulating 

substance ~oaprises a light-trane•isaive •ater1al. 

31. A process for preparing a aeaiconduc~or 

aeabcr ~ccording to Claia 18, wheraiu the aeaber of 

15 "h!ch the surface is conatituted of an insulating 

sub~t.anee ie a oilic::on sut>strat'.e "dth its au.rtace 

being oxidized. 

20 

32. A pr~ceas tor p~eparing a se&iconductor 

•e•ber a~cordlng ~o Claia 18, wherein etching of said 

porous monncryatalline sea1conduc~or region ia c~rr1ed 

o•tt under the atal:e Wbere the 11e.11tbero bonded t:o eaeh 

other l:l.re covered with an ant1-etch1ng aaterial. 

25 33. A process fnr preparing • semiconductor 

aembftr ~ccordtng ~o Cl~im 32, wherein said anti-

l1iii[iiITf 

• .. . . 
• • ... 

... 
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etching m~torial ia $1llcon nl~r1de. 

34. A proceea for preparing a sealconductor 

:aaaber according to Claia 32. wnerein ~aid anti-

s etching aater1al 1s Apie2on Wax. 

35. A process tor prepar1ng a s•aicond~ctor 

aeaber coapris1na th& step• of: 

.. king a non-porous aonocrystalline 

10 ee•iconduotor aeaber porous to fora a porou~ 

aonocrystall1n.e geaiconduotor region, 

for•ing a non-porous aonocrystalline 

aeaiconductor region on Kaid poroU-:) nonocry¥tall1ne 

Geaiconductor region, 

.... 
• . , 

15 bonding the surface of a aeaber of which the 

ou.rface is conat1tu~ed of an insulating substance onto 

the surfac~ of aaid non-porous aanocryatalline 

seAiconductor region, and 

remov1na said poro~s monocrys~alllne 

20 seaiconducto.r region by etching. 

36. A process for prevarin9 a semiconductor 

aeaber according to Cla1a 3~. wherein said 

aonooryst:elline semiconductor co1t.prise:s s111con. 

25 

37. A proce:ss tor preplllring a oe.m.icouductor 

.. .. 
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l member according to Clo.i.m. 35, whereln said. pornns 

mono~rystalline aealconductor reginn is P-type. 

38. A process for preparina a semiconductor 

5 aeaber according to Claim 35, wherein said non-porou5 

monocrya'ta.ll1ne "em.icondu.o'tor region l:tas a 'thicknes!I 

ot 50 microns or le3~. 

39. A process far preparing a se•tconduc~or 

10 me•ber according to Cla1a 36, Whe~ein said bonding 

step is carried out in an a~aosphere containing 

nitrogen.~ 

40. A procA~• for preporing a semloonductor 

15 aember aeeordiug to Cl•i• 38, wherein said bonding 

step includee a heat treat•ent in an at•osphere 

contaln1ng nitrogen. 

~1. A process for preparing a aemiconduct~r 

20 aeaber according to Claia 35, wherein said non-porous 

aonocl"'Y•talline aea1conduc~or region is foraed by 

epitaxial gr09ftb. 

42. A process tor pr@paring a 8emlconductor 

25 •ember aceordlng to Claia 36, wherein said non-porous 

monocrvs~a1J;ne se~iconductor reo1on is for•od 

liiiiili~1r 

r 
r• . . . , , 
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l according to the aethod sclec~ed from the molecular 

5 

10 

beaa epit3Xial aethod, the plasma CVD method, tho low 

pressure CVD me~hod, the photo CVD aethod, the liquid 

phase growth aethod or the bias-sputtering method. 

43. A process for preparing a oemiconductor 

•e•ber according to Claia 3::5, whereln said poro11s 

aonocryatalline semiconductor region is obtained by 

an.od1za"t1on. 

44. A process tor preparing ~ semiconductor 

•ember according to Claia 43, wherein said anodtzation 

is carried out in an HF aolu~1on. 

&S. A prooe~s for p~epartng a se•ioonductor 

•••bor according to Clala 36, wherein S4id non-porous 

• 

aonooryatalline aeafeonductor region is 1ntr1najr. or M-

20 

type. 

46. A prn<?ess for prepari.ng a se:m.1condu.ctor 

member ~ccording to C1a1• 45, wherein said N·type 

silicon is furmed by epi~axial gretrth. 

47. A process tor p~eparing a seaieo~ductor 

25 •ember accordina ~o Clai• 35, wherein the me~ber of 

which the surf~ee i• ooQstituled of an insulating 

This Sheet Has Been R 

lllB/111///U/ II iced 

• 
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l substance ooapri:.e:s a ligh~-1:ransm.1ssive material. 

48. A· proceae for preparin9 a ~e•iconductor 
•e•ber aooording to Claim 36, wherejn the member of 

s which the surtace 1a constituted of an ins~lating 
suba~ance 1s a ailioo~ aubstra~e wlth its surface 
being oxid.ii;ed. 

49. A process for preparing a semiconductor 
10 member comprisiug 't:he steps of: 

nak1ng a non-porous monocrys't:alllne 
seaicnnductor aeaber porous 1:0 fora a porous 
aonocryetalline se•1conductor region, 

toraing a non-poro~a monocrystalline 
15 semiconductor region on said po~oue aonocryatall1ne 

20 

seaicondQctor reg1on, 

fo~aing region con~t!tu't:ed of an insulating 
substQnoe on said non-porous •onoeryatallino 
scaieo~ductor region side, 

bonding the ~ur!~ce ot a meaber of which the 
surface is consti~utea of an ineulating substancP. onto 
the :surface Of said region comsti'tu'i:ed of the 
lnsula~ing aubatance, anQ 

reaoving Said poroua aonocrysta111ne 
26 se11&icunc1uc'tor rP.gion by etching. 

SO. A pLucess tor preparing a semiconduct"n.r. 

i1ii[id 

. . , 
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1 member according to Claim 49. wherein ~aid 

r • •• 
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aonocrystalline seaicoaduator compri3es silicon. 

51. A process tor preparing a semiconductor 

5 member according to Claim 49, wherein said porous· 

•onocrystalline aomicond~ctor reg1on 1a P-type. 

52. A proc•es for preparing a semlconductor 
.. 

... . 
... . ... 
• • # 

• • • • • • .. .. .. 

member according to Clala 49, wherein said non-porous 

10 monocrystall1ne seafconductor rogion has a th1ckneaa· 

Of 50 m1r.ron$ or leQa. 

a~. A process for preparing a sea1conductor 

•ember ~ceording to Claia ~9, wherein said bonding 

15 step ie c~ri•d ou~ in an atmosphere containing 

nitrogen. 

54. A process for preparing a semiconductor 

meaber according to Claim 4S, wherein said boniing 

20 st@p includes a he~t treatment in an atao~phere 

containing nl~r09en. 

56. A process tor preparing a se~iconduc~or 

•onber ~ccording tn Claim ~9, wherein sa1d non-po~ous 

2~ monocryst~llina semiconductor region is formed by 

epi 1:axi•l gro,.,tl&. 
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56_ A proceas for preparing ~ semiconduct:OT 

member according to Cl~im 49, wnere1n said non-porouo 

monocryst•ll1ne semlconductor region io formed 

accordlng to the aethod selected frum the =olecular 

s boaa epH:axi.:ll m.ethod, t:he plasaa C:VO •ethod, the 10tr 

pres$~re CVD met:hod, the photo CVD aothod, the l1qu1d 

phase growth ••thod or the b1as-spu~ter1ng method. 

61. A prooess for preparing a sealconductor 

10 member according to Claim 49, wherein said poroua 

aonocrystalline sea1conductor regio.u is obtained by 

a.r:iod1zation. 

Sa. A process for prep:s.ring a aem1conduc~or 

... 
• .... 

15 member according to Cl«im 57, wherein Aaid anodization 

20 

is carried out in an HJ' solution. 

59. A process for preparing a seaioonductor 

member accoding to Clala so. wherein ~aid non-porou~ 

monocrystall1ne ~eaiconductor region 18 intrinsic or H-

'type. 

60. A proceeo for preparing a ~e•icond~ctor 

membe.,. according to Cla1111. 59. wherein said Jr-type 

25 silicon is !ormed by P.pitaxial growth . 

. .. ,,. .~ 
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l 61. A proce~!'ii for preparinq a seDLicomluctoi.· 

member according to Cl~ia·~9, wherein thP. member ot 

which the surrace 1s con5~l\u~ed of an in~ulating 

e~betance comprises a light-transmissive material. 

s 

62. A process tor preparing • se~iconductor 

me•ber according to Claia 49. whP.rein the member or 

Whlcn ~he surface 1$ constituted of an in~~lating 

substancA is a silicon subs~ra~e w1th its sur!ace 

10 bc:ting oxidized. 

63. A procP.ss for preparing a se~iconduc~or 

aember coapriaing the steps of: 

aak1ng a first non-porous monocrysl~lllne· 

15 eeaioonductor •••b•r partially porous to for• a porous 

aonocry~l~ll1ne se•iconductor region ~nd a second non-

porous aonocrystall1ne Sellliconductor reglon, 

for~ing a third non-porous aonoc~ystalline_ 

Sell.:lCOnductor region Ol& $a.1d pot'OU5 aonocrystalline 

20 
s~•i~onductor region. 

bonding the ~urfQcc of ~ member of whioh the 

surtace is const1tuted ot an insulating substance onto 

the surface of said third non-poro\ttt monocryst1dl.inP. 

semicond~etor region, and 
25 

removing said second non-porous 
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1 aonocrystalline 3caioonduotor region by kechanical 

pol1sh1ng, and removing said purous aonocrystalline 

aeaiconductor reoion by etchina. 

5 64. A process tor preparing a ~emiconduotor 

aeaber according to Claim 63, whAr.ein said 

aonocrystalline seaiconductor coapriacs oilioon. 

&5. A proc••• for preparing a seaiconducTor 

10 aember according to Claim 63, wherein aaid porous 

monocrystaliine seaiconductor rea1on 1s P-type. 

• 
• • 

66. A process tor preparing a seaiconductor 

• 

mP.nbP.l'" aec:ardJng to C.la1m 63, whel"ein said thi,.d non-

15 poroua aonocrystalline seaiconductor region has a 

~h1citness at so mlc~ons or less. 

61. A process for preparing a aea1oonducto.r 

member according ~o Claim 63, wherein sa1c bonding 

20 step 1• ca~ried out in an ataoaph•re containing 

nitrogen. 

68. A procesa for preparing a semiconductor 

•~mb~r according to Cla1m 63, wnereln said bondlng 

25 step includeA a bAat tr&ataent in an ataosphera 

containing nitrogen. 

iii ii UT 

. . 
• • • • ••• • •• 

• • • • • • ••• 
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69. A process tor pr~paring a aemiconrluctor 

member according t:o Claim 63, wherein said third non­

porouA 111onocrysi:all.1ne =>emiconductor l"eaion is fo.rllled 

by epitaxial grr.wrth. 

70. A proc~~$ for preparing a R~miconduc~or 

Jaelllber ~aoording to Clallll 63, wh~'·ein :1aid third non-

porous aonucrystall1nc·eezaiconduc:tor region i:s formed 

according to the method ~~lected ·from the aolecular · 

10 beaa epitaxial method. 1"he plasma CVO method, the low 

p.ressure CVD method, the photo CVD 11ethod, the liquid 

phase growth metho4 or the bi~s-sputtering method. 

71. A proc~ss for prcp~ring a s~~ir.onductor 

15 member according 1"o Clalza. 63·, wherein said porous 

aonocry~talline seaioonductor rAgion 1s obta1ned by 

anodi?..ll1:ion. 

12. A proccs3 for preparing • ~emiconductor 

20 •••ber according ~o Claim 71. wherein s&id anodization 

is carried out in an HF ~nlution. 

13. A process for prepa~ing a se~iconductor 

~enber accoding to Claim 64, wh~rein &ald third non-

25 porous monocrvstall.i.ue semiconduc:tor region is 

i11ii1iiUf 

•• .. • .. • • I' I· . 
•P 

• 
~ .. 

r . 
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l intrinAic or N•type. 

14. A pi.·oceaa for prcpa.ring a aeaicondur.Tnr 

member accordin~ to Cla1• 73, wh"rein said N-typc 

s ai1icon i~ foraed by epitaxiaJ ~rnwth. 

•• .. 
... 

75. A process for preparlnG a semiconductor 

aember according to Claia 63. wherein the ••mb•r of 

whl<.:h lh'I ~u.rface is constitu:t:ed of a.n in$ulaticg 

10 substance comprises a light-transm.1ss1ve mater 1.al. 

16. A process for preparing a seaicond~ctor 

member according to Claia 63, wherein the member of 

which the surface io con&titutcd of an insulating 

l5 substance ls a s1l1con substrate w1th 1ts surface 

being oxidized. 

11. A process tor preparing a seaiconduc~or 

meaber comprising the otepa of: 

20 making a f1rat no11-poru\lt1 aonacrysta.lline 

. . 

semiconductor aember partially porous ~n fnrm a porous 

aonocryetallinc ocaiconductor region end G second non-

poruus monocrystall1ne sem1conductor region. 

formjng a ~h~rd non-porous aonocryatalline 

25 seaioonductor region on s~id porou$ monocry~lalline 

,.,, r 

" .. .. , 
r • , . .... , , 

r ... ,.~' 
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t semlconduqtor region, 

fo~mlng a re~ion const1~uted ut an insulating 

s~b~tance on said third non-pornus monocrystall1ne 

semiconductor region side, 

6 bonding the surface ot a m.e:mbe·r of which the 

$Urface io aonstituted of an insulating substance on~o 

~he su.rtace of said region con~tituted of the 

insulating sub~ranc~. and 

removing S4id oeoond non-porous 

10 monocrystalLlne semlconductor by aechanical poliahing, 

and removing said porous monocrystalJ.1ne semiconductor 

region by etching. 

18. A process tor preparjng a semiconductor 

l~ •ember according to Claim 11, ,.,herein eaid 

monocrystall1ne sem1conduc~or coaprlses s1l1con. 

73. A proce~s tor preparing a semiconductor 

member according ta Claim 77, whereln said porous 

( 

\. 
20 monooryet~lline eemioonduotor region ja P-type. 

80. A process for preparing a semiconductor 

&0111.bcr according to Claha 77, wherein :::t<:lid third non·-

porous monocrvs~all1ne se~1conduc~or re~1on has a 

26 thickness of So microns or less. 
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81. A proc~$~ fnr preparino a semiconductor 

aeaber according to Claim 11, wherein said bonding 

si:ep is carrled out 1n an ai:m.o:sphere cun1.a1n1ng 

nitrogen. 

82. A process tor prepar1ng a semiconductor 

aember according to Claia 77. wherP.in ~aid bonding 

otep includes a heat tr~atmcnt in an atmosphere 

conta1ninq ni~rooen. 

83. A proce5~ !or preparing a ~em1coad~c~or 

member according to Claim 17. wherein said third non-

porous •onooryetalline eeaioonduoto:r region io formed 

by epitaxial growth. 

8~. A proeeas for preparing ~ semiconductor 

me•ber according ~o Claim 71. where1n said third non-

porous monocrystalline se•iconductor region ie formed 

QCcording to the method selected froa the mulec~lar 

20 beam ep1~ax1al aethod, the plasma CVD me~hod. the low 

P~•••u~e CVD •ethod, th• photo CVD method, the liq~id 

phase growth method or the b.ia:s-spQ.tter1na method. 

85. A procea~ for p~eparing 4 ~emicoud~~ivr 

25 111.eJD.ber acco1·d.1.ng lo Cla.im. 11, wnerein sa1d. porous 

aonocrystalline semicondu~~or r-.gion is obtained by 

iliiiiD 

•": r ,. 
' ... ... ,,.,,.,,. 
r 
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1 ~nodi~ation. 

86. A process tor preparing a semiconductor 

member according to Claim 85, wherein sajd anodization 

5 io o~rricd out in. ~ HF oolution. 

R 7. A pl'oeess for preparing a $l!m.ieond11otor 

•ember accoding to Clcim 70, wherein said third non-

porous •onocrystall1ne semiconductor region 1s 

10 intrinsic or N-type. 

68. A process for preparing a semicondu~tor 

m~mber according to Claia 87, wherein s~id N-type 

silicon i5 formed by CJ:JiLC1Xli:1l growth. 

15 

89. A process tor prepar1nq a semiconduc~or 

which the surtace is constituted of an insulating 

substance coapr1ses a light-transmissive material. 

20 

90. A p.roc~ti=:> !or preparing a semiconductor 

member according to Clain 77. whftr~in the mP.mber of 

whioh the ourf~cc io constitu~ed of an insulating 

~ubstance is a s111con substrate wlth 1ts surface 

25 being nxid~7.P.d. 
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91. A process for preparing a semiconductor 

member comprising the steps of: 

forming a second·aonocrystalline semiconduc~or 

s region of a second electrocond~ct1on ~ype on a first 

monocrystalline semiconductor region of a first 

electroconduction type_, 

making said first monocrystalline 

se~iconductor region porous to form a porous single 

10 crysalline semiconductor region, 
. 

bonding the surface of a member of which the 

surface is formed of an insulating substance onto the 

surface of said second single crystlline semiconductor 

region, and 

15 removing said porous monocrystalline 

semiconductor region by etching. 

92. A process for preparing a semiconductor 

menber according to Claim 91, wherein said 

20 monocrys~alline semiconductor comprises silicon. 

93. A process for preparing a semiconductor 

member according to Claim 91, wherein said first 

monocrystalline semiconductor .region is P-type. 

25 

94. A process for preparing ·a semiconductor 

~~~~~~~~_m_e_m_b_e_r according to Claim 91, wherein said bonding 
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1 ctcp is carried out in cs.11 at:mosphere containinq 

nitrogen. 

95. A proces~ !ur prepar1no a semlconductor 

member accord1ng to Claim 91, wherein said bonding 

step includes a heat treatment in an atmosphere 

containing nitrogeu. 

96. A p~occos for preparing a semlc9nductor' 

. 
• .. 
• . .. 

10 member according to Claim 91, wherein said 9econd non-

porous monocryst:alline 9am.iconductor region 1a !or:m.ed 

by epit~ial growth. 

97. A process for preparing a semlcon~uctor 

15 member according to Clala 91, .wherein said second non-

porous •onocrvstall1ne semiconductor region ia form~d 

according to the aethod ~elected frum the molecular 

beam. epitaxial 111.etl1ud, the plasJlla cvn method, the low 

-
pressure CVD method, the photo CVD :method, tlle 11qu1<1 

20 Phase- growth method or the bias-~puttering method. 

98. A process for preparing a sea1~onductor 

member ar.cording to C1aim 91, wherein said porous 

monoorystalline semiconductor region ie obtained by 

_2& anodiza1:1on. 
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00. A prooeoc for preparing a ocmiconductor 

. . .. . .. 

member accor~ing to Claim 98, whereln said anodlzat!on 

is carrled out jn an RF solution. 

100. A process tor preparing a semiconductor 

mem~er according to Claim 92, wherein said oocond non-

porous aonooryotalline ~caic:onductor region ls 

intr1mdc or N-type. 

101. A proc:eas for preparing a sem1cond.u.ct-or 

meaber according to Clajm 100, wherein said N-type 

silir.:nn is forJaod by cpitaxiol growLh. 

102. A process for prepari11g a semlconaucto'I" 

15 meaber acco~ding to Cla1m ~l. wher~in the meabcr of 

which the surtace i~ constituted of an 1n~~lat1nq 

subst-ance c:ompriocs e. lig·lll-trans11.tss1ve lftaterial. 

103. A p~or.~se for prcpcring a ~~m1conduc~or 

20 member aeeo~ding to Clai• 91, wherein thA member of 

which the eur!ti.ce 1s cons't:l't"uted of an in~ulating 

25 

subs~ance 1s a silicon eubstrete with 1ts surface 

baing oxidized. 

104. A pror.:""sg fo~ preparing a seiuconnuctor 

member comprisihg ~he atep~ or: 
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formiug a second m.onocrystall.ine semiconductor 

req1on at a second electroconduction type on a first 

monoorystallinc aemiconductur region of a Ilrst 

.electrocondu.ction t:ype, 

making aajd fir~t monooryotalline 

semiconductor region porous to form a porous 

monocryaLall1ne semiconductor region, 

fnrming a region constituted u{ an lnsulat1ng 

substance on said aecond monocrystall~ne 9eaiconduotor 

10 region side, 

15 

20 

25 

bonding the eurfece of l!I. me11.ber or which the 

surface. is formed ot an insulat.ing substanoc onto the 

$Urface of sald region constituted of an lnsula~ing 

sub~tance, and 

re~ov1ng sa1d porous aonocryetalline 

semiconductor region by etching. 

105. A process for preparing G &em1con~uctor 

member accnrding to Claim 104, wherein said 

monocryetQlline semiconc:tuctor cnmprises oilicon. 

106. A proeess for preparing a sP.miconduotor 

1ae•ber acco1·ding to Claim. 104. wherein ::said t .lrs"t non-

monucrystall1ne ~emiconductor reglon ls P-typ~. 

107. A VLocess for prep~ring a semiconductOL 

mcmbeL according to ~laim 101, wherein -se1id non-porous 
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1 m.onocryeta.lline eemicondu.ct.or region has a tn1cknes~ 

of so microns or less. 

108. A process !or prepar1ng a semiconductor 

s member •ccordlng to Clain 104, wherein said bonding 

step iB r.~rried out in An ataosphere conta1nlng 

nitrogen. 

109. A process for preparing a sea1conduc~or· 

10 mcaber according ~o Claim 104, wherein said bondinv 

s~ep includes ~ heat treatacnt in ~n atmosphere 

110. A procese for prcparlug a semiconductor 

15 aeaber aooording to Cla1• 104. wherein said second non-

porous monocrystalline semiconductor region is toraed 

bY epit~xial growth. 

111. A prneesg for prepAring a semiconductor 

20 membe~ according to Claim 104, wherein·said second non-

poroua monocrystalline semiconductor region ls tormed 

accord1nq to thP. method ocleeted fro~ the molecullll" 

beam epitaxial acthod, the plasma CVD aethod, the low 

pre~•ure CVD method, thff photo CVD method, the liqujd 

25 phase growth method or the bia::s-sput-cering method. 
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1 112. A process tor preparing a sem1conductor 

member according to Claim 104, wherein eaid porous 

monooryot:illine aem.iconductoi.· 1;e91u11 ls obtained. DY 

anodlza.lion. 

5 

113. A process for pr~paring a sea1conductor 

member according ~o Claim 112. wherein said 

anndi2ation ia carried out in e..n. HP solut..lu.u. 

10 114. A process for preparing a semiconduc~or 

m•aber aecoding to Claim 10s, whereln sald second non-

porous aonocryslall1ne semiconductor ~egion is 

1n~r1nsic or N-typA. 

lS 115. A process tor preparing a aemiooaductor 

member acco'l!'ding to Claim 114, wherein said N-'type 

ailicon ia formed by pro~on irradiatinn or epitaxial 

growth. 

20 116. A process tor preparing a semiconductor 

111eJ11ber according tn Clai• 104, wherein the member ot 

which 'the surface is con$t1tut.ed or an insulating 

substance com.prises a l1ght-1"t"ansaissive mater lal .. 

25 117. A proces~ !or preparina ~ semiconductor 

•ember accQrd1ng to Claim 104, wherein the member ot 
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1 which 1.be surface ls cons"t1i:uted of an insulating 

substance i~ a $ilieon substrate with its ~urface 

being oxidized. 

5 11.A. A 9eJaiconduator meaber eomprisi11g: 

a first membar having a non-porous 

~onocrys~alL1ne semiconduc~or region on a porous 

111.onor.rystalline aemioond~ctor region, and 

a secoud 111.ember having the surface 

10 consi:1tu'ted of an inst.tlatin.g subet:~nee bonded onto the 

AU!"face of ea.id n.on·-po1·oua aunocrys"tall1ne 

seaicond&lctur region. 

119. A semieonduclor meu~er according to Claim 

15 118, wherein said monocryfltalline aeaiconduetor 

120. A sem.icnnductor me11.bcr aecoi·d!ug t:o Cla1111. 

118. wh~r~in said porou3 m.onocryst:all1ne semiconductor 

20. region is P-typc. 

121. A ~cmiconductur member accnrdiug to Claim 

118, whereiu sa1d non-poraus monocryota.lline 

~em1conductor ~•gion hae Q thic~n~ss or ~o microns or 

25 lfll~S. 

This Sheet Has Been R 
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l 12 2. A semicomlu.c lor lllem.ber comprising: 

a tirst member havtng a non-poroue 

monocryatalline semiconductor region and ~ r~g1on 

constituted of au insulating substance arranged in 

t:h1S order on a por.ouR mC\noerystalline semicondu.c'tor 

region. and 

a second. member bo~ded through A region 

constit:uted of an insulating substQnce onto the 

surface of said r~gion coo~lituted of t:he lnsulating 

10 subst~nce. 

15. 

20 

12~. A seaicond~ct:or member according to Claim 

122, wherein said aonnerystalline semiconductor 

124. A SP.~iconclucto~ mcaber accordlng to Claim 

122, wherein Gaid porOU$ monocrystalljne ~~aiconductor 

region 1~ P-t:ype. 

125. A seJ11ico11d~ctor member ac:c:ording to Clai111. 

122, whecein said non-P<it"ous aonocrys1:a.lline 

sem1conduc'tor region haa a. thickness of :)0 mic:.rons or 

less. 

126. A semiconductur aember navjng a non-porous 

si lioon ll\onoc:1·y::Jtall1ne semiconrluctor region ~i·1·ai1ged 
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t on a region constituted of an 1u:5u.la.l.Lng substance, 

char~(.;lerized 1n that the dislocation d~fl?ct density 

ln said non-poroug silicon monocryatalline 

seaiconductor region i& 2.0 x 104 tcm2 or less, and thP. 

5 life time ot carriers ls 5.0 x 10_, sec or longer. 

121. A semiconductor member hav1ng a non-porous 

sillcon monocrystal!ine semjconductor region arranged 

on a r~gion constituted of an insulating substance, · 

10 characterized in that: 'the d1slocatjon defect density 

in said non-porouR silicon aonoory3talline 

4 2 
SAmieon~uctor region is 2.0 x 10 /ca or less, and the 

life time of carriers is 5.0 x 10-4 
sec or longer, and 

also ~he U1fference between the m.aximua value and ~he 

15 minl:m.wa val1.ae of the tb.ick.uess or sald. silicon 

aonocrystall1ne semlcondu~tor region i3 10~ o~ less 

based on s~id aaximw. v~lue. 

20 

25 


