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SEM CONDUCTOR SUBSTRATE AND PROCESS: FOR® PRODUCI NG SAME . x%CBQ}«&P

‘OF THE | NVENTI ON Field of the Invention 5 The present.
i nvention relates to a process for produci ng a sem conductorég
substrate, and nore particul arly al process for pro@H@i hg668
sem conduct or substrate provided with a pluralit T m

Rel at ed Background Art 10 The formation of a sin
sem-conduct or | ayer on an insulator is widely k

because he asuREDES n%%@’ﬁ%a\@a%“%ﬁ%%%ﬁé RO

advant ages that cannot be attained in the bulk Si substrate utiliz
for the preparation of ordinary Si integrated circuits. Mre
speci fical | y,gAdisriseN® fo hﬁ.IESSqN\}g}@ﬁm ogy provides vari ous
advant ages such as: . easy dielectric separation and a high
degree 20 Field of ﬁﬁelIﬁ&ﬁﬁﬁﬁdﬂﬂl 2. superior radiation
resi st ance; 3. a reduced stray capacitance leading to a

hi gher speed; " The presdnt ain®ntisn el ttdeptdead ngraesgensed W t h;

5. prevention of latch-up; and 6. possibility of a fully
depl eted fielpreddethdg a semitombhscisdorsulystardte n dnd mate uct ur e.

particularly a process for producing a semiconductor
substrate provided with a plurality of porous layers.
Related Background Art
10 The formation of a single crystal Si semiconductor
layer on an insulator is widely known as semiconductor-
on-insulator (SOI) technology, and various researches
have been made because the device utilizing the SOI
technology has various advantages that cannot be
15 - attained in the bulk Si sﬁbstrate utilized for the
preparation of ordinary Si integrated circuits. More
specifica;ly, the use of the SOOI technology provides
various advantages such as:
1. easy dielectric separation and a higher degree
20 of integration;
2. superior radiation resistance;
3. a reduced stray capacitance leading to a
higher speed;
4. a well forming step being dispensed with;
25 5. prevention of latch-up; and
6. possibility of a fully depleted field effect

transistor by a thin film structure.
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- 2- In order to realize the various advantages in the

devi ce characteristics nentioned above, nethods for formng the SO
structure has been investigated for many years. The contents of these
i nvestigations are 5 summari zed for gxanple in Special |ssue: "Single-
crystal silicon on non-single-crystal insulators": edited by G W
Cul l en, Journal of Crystal Growh, Vol. 63, No. 3, pp.429-590 (1983).
In the initial period, - t here have been known the SOS (silicon on

sapphire) 10 fornmed by heteroepitaxially growing silicon using CVD
(cheni cal vapor depesotden)tonreakizgl theryatibbus advantagehi it thdstrate .
Though this technol ogy attai ned certain success as the nost nmature
SO technol oggevite characteristiappherbisned hakoveenmpErodnt 88rby a | arge
anount 15 of crystal defects resulting fromlattice, m smatching

at an |nterfaé@rﬁéﬂge§Hetﬁ@ISStFH9E?r%nHa?h@eﬁﬂdé?V9?ﬁbgated £OEapphire
substrate, contam nation with alumnumfr hire_substrate,

and, in partiBaP¥rYSpR§- The c@?ﬁ%ﬁE?v@ﬂegéeﬁ? %ngﬁﬁbg?gg?gsaﬁﬁ the del ay
in 20 prOV|d|n

N . h
been madd at t EHBPE*E 5%?e§P?;§%Pﬁ§ %&ﬁgggPUE%%?;EsgggentExPhgé[eu5|ng a e
sapphire Subsgrgg%anggiic@Bt%gpkﬁnggnﬁlglcryQ%FQ'YhQEQa%BEQ"the fol | ow ng

two categories e-crystal substrate is 25
sur f ace- oxi di gag s BB S Lt BR beuear;aﬁ_l 8lel ¥rystal cevkese ube.Si
atera

substrate, epltaX|aI gr owt I s conducted ut|I|Z|ng t he
exposed port'%@,aﬁo@ seegdp. 429-590 (1983). In the initial period,
there have been known the SOS (silicon on sapphire)

10 formed by heteroepitaxially growing silicon using CVD
(chemical vapor deposition) on a single-crystal
sapphire substrate . Though this technology attained
certain success as the most mature SOI technology, its
wider application has been prevented by a large amount

15 °~ of crystal defects resulting from lattice mismatching
at an interface between the Si layer and the underlying
sapphire substrate, contamination with aluminum from
the sapphire substrate, and, in particular, the
expensiveness of the substrate and the delay in

20 providing large-area substrates. - More recently there
have been made attempts to realize the SOI structure
without using a sapphire substrate. These attempts can
be divided into the following two categories:

(1) After an Si single-crystal substrate is

25 surface-oxidized, a window is formed to partially

expose the Si substrate, and lateral epitaxial growth

is conducted utilizing the exposed portion as a seed,



- 3- ' thereby formng an Si single-crystal |layer on the SiJerr]

(involving an Si layer deposition on the Si(Jerr]); and. : - (2) An

Si single-crystal substrate itself is utilized as an active |layer and

SiJerr] is formed 5 t hereunder (net3involving Si | ayer deposition).

The devices forned on a conpound sem conduct or have excellent = .

features, such as a high speed, light em ssion or the |ike, which are

not achi evable with those on a silicon substrate. Presently t he

devices 10 are nostly formed in a layer epitaxially grown on

conpound semni tbedebyofosubagr aneSsughnatecargssrlt hayer on th?kﬁlo

However the conmpound sem conductor substrates are ssociated with

dr awbacks suchlagoéxaégsﬁVeﬁéséaYarl6%P0§5t1°nn86h§H?C§FO ARt h and
~difficulty of preparation of a rge-area Under -
such S|tuat|on t hé2d has Bdesipgde- &ﬁYStal SuQFFEﬁﬁF t&5SRéfeitSepitaxial Iy

grow a conpound sem condyctor, on _the s con ich is 20
i nexpensi ve, Hﬁ&ﬁéﬁ?éa?ﬁyagtF&ﬁdvgn&aggﬁ padezd s IRy s "Fdfife %?epared with a

arge area.  inereunder. (A3 ARV IPAL! 9060 caggggmeley) there are

known a er al eplt X|aI

single-crystal |ayes ogdmggggbtg@&ldgiduct@ﬁorphous Si
and causi ng solid- phasdepxteral epltaX|aF growt h by heat treatnent,

a method of i fL3d @hiddl 13kt featurdB RIS & DOyl wpedld, SiLilgayer with a
focused energy

emission or the like, which are not achievable with
those on a silicon substrate. Presently the devices

10 are mostly formed in a layer epitaxially grown on a
compound semiconductor substrate such as GaAs or the
like.

However the compound semiconductor substrates are
associated with drawbacks such as expensiveness, a low

15 mechanical strength and difficulty of preparation of a
large-area wafer.

Under such situation, there has been made an
attempt to heteroepitaxially grow a compound
semiconductor on the silicon wafer which is

20 inexpensive, mechanically strong and can be easily
prepared with a large area.

In the above-mentioned category (1), there are
known a method of direct lateral epitaxial growth of a
single-crystal layer Si by CVD, a method of depositing

25 amorphous Si and causing solid-phase lateral epitaxial
growth by heat treatment, a method of irradiating an

amorphous or polycrystal Si layer with a focused energy



-4- beam such as an el ectron beamor a |aser beamto grow a

single-crystal layer on Sigerr] by nelting and recrystallization,
and a zone nelting recrystallization nmet hod of scanning with a zone
like nelted region 5 formed by a rod-Like heater. These nethods have
respective advantages and di sadvant ages, but none has been

I ndustrially conmmercialized in view of still great room f or

i mprovenent in the controllability, productivity, uniformty and

product quality. Mre 10 specifically, the CVD nmethod necessitates
sacrifice beam syclapfodnfoleShTaR PSR OF | At 12BRE PRRA TP FTOWNRI e

t he solid-phase ﬂromﬂh nmethod is insufficient in the crystallinity.
Al so the beaRt3@heaFTHEtatt hBBShHal? S10: DY, M ERI 3P4 he processing tine

i db he f d 5 b i d i th o) bilit f
beam 0 Y e vaERE R 7akiPRe SHA DediToBOLERS TRerTshelkereiagy L C

recrystallization.nethod is.mst.advanced to.a | ey . that relatively
| argo-scal o TREBGRaPEqSErPRiBoiEDes 208" OiBe FEThen, Femiahly

manuf acg ur edeo Pl ot B SUBSHLAhRe RaterSti bhofBNhakASaLaREeNUMbEr oOf

crystal defects suc grain boundaries and has not reached a
| evel enoughrespectilAr ail@nREgREr 8hi0818ha¥hARELEY, CBLLI BbndeKbSeS.

On the other hand, in the category (2) not utilizing an Si substrate
as the seed pkefplihaxsthially cofifmewthaltiRedeiar eiencbidetilhegikehklitow ng
four met hods: (a) An oxide filmis formed on an Si single-

crystal substpatie for dmpuotacendal inhithk Yoshapédability,
productivity, uniformity and product quality. More
10 specifically, the CVD method necessitates sacrifice
oxidation for obtaining a flattened thin film, while
the solid-phase growth method is insufficient in the
crystallinity. Also the beam annealing method has
problems in the processing time required by the focused
15 beam scanning and in the controllability of beam
overlapping degree and beam focusing. The zone melting
recrystallization method is most advanced to a level
that relatively large-scale integrated circuits have
been experimentally manufactured, but the substrate
20 still contains large number of crystal defects such as
sub grain boundaries and has not reached a level enough
for the preparation of minority carrier devices.
On the other hand, in the category (2) not
utilizing an Si substrate as the seed of epitaxial
25 growth, there are included the following four methods:
(a) An oxide film is formed on an Si single-

crystal substrate on a surface of which V-shaped



-5- grooves are fornmed by ani sotropi cal etching,_theh a

‘pol ycrystal Si layer is deposited, on the oxide film . wth a

thi ckness conparable to that of the Si substrate, and the Si
substrate is polished fromthe 5 re&d -surface to form on the thick
pol ycrystal Si | ayer, Si single-crystal regions surrounded and
dielectrically isolated by the V-shaped grooves. This nmet hod can
provi de satisfactory crystallinity, but has a problemin the
controllability and the productivity of .a step of dep03|t|ng

pol ycrystal SFORYeshidze germed by §€&§P§F°ﬁ&ﬁ&ﬂe&tHP&P€ns thR® 2 step of

L R LR g

So-cal | ed SINCM (separ.atjon b lon_i Ia te 5 xygen) nethod utilizes
formation of “ar '%fgéﬁ%k ess ﬂ%?argg& Q q@@# Pght%ﬁ%lgntatlon into an Si
singl e-cryst & pstra e,s"ef?ﬁit eSz_aLn db%t‘i?é{{ee'lgké e@ﬂ\@gﬁeqhgecause of

t he good matchi'ng wth th I process wever formation
of an SigJ errﬂeazawrfaeé&“ﬁcesfd}wg% 9 Hick ddWajiatdion of 10[err]
lons/cnferr] or larger, thus nece55|tat|ng a very Iong I npl antation
time, |eadingdyer, si diddIE1a600udddiddsy siidcurdegh amf er cost. Also

there still remains a |arge nunber of crystal defects, and this
met hod has naiidlwtstidally ARl bpriiici-shidped gxuﬁidetsy. ermouigh for
producing the mnority carrier devi ces; (c) There is
al so known a mesthwdtl adn fprowide tdatisfactory crystallinity, but has
a problem in the controllability and the productiwvity
10 of a step of depositing polycrystal Si as thick as
several hundred microns and a step of polishing the
single-crystal Si substrate from the rear surface so as
to leave the isolated Si active layer only;
(b) So-called SIMOX (separation by ion implanted
15 oxygen) method utilizes formation of an Si0, layer by
oxygen ion implantation into an Si single-crystal
substrate and is currently most advanced because of the
good matching with the Si process. However the
formation of an Si0, layer requires oxygen ion
20 implantation of 10 ions/cm? or larger, thus
necessitating a very long implantation time,lleading to
a limited productivity and a high wafer cost. Also
there still remains a large number of crystal defects,
and this method has not industrially reached a product
25 gquality enough for producing the minority carrier

devices;

(c) There is also known a method of forming the



- 6- SO structure by dielectric isolation by oxidation of

porous Si. This nethod consists of formng an N-type Si layer in an

i sl and shape on a surface of a P-type Si single-crystal substrate

either by proton ion 5 i nplantation (lnmai et al., J. Crystal G owh,

Vol . 63, 547 (1983)) or by epitéxpar growm h and patterning, then

effecting anodi zation in an HF solution fromthe surface so as to

surround the Si island to thereby nake - only the P-type Si substrate

porous, and effecting 10 dielectric isolation of the NNtype Si island by

accel erat ed Ldatl i S .t he_j I s ._ar IS
Qé#oéﬁﬁgeguke b9 31&?é9991£t§3§f§t268db§ ox%dathoﬁ &

defined prior he "device” process so ~ Treedom of device
desi gni ng HBX%PSu%'g&gedThﬁgdmethod consistd) okNsadgi hi08nt R-EHse

conventional " SO formng 15 nmet hods described above, there is recently
contenpl at edgi 1ayerdifBhRO8s0hnlOBHEPE 38R & stirBgbe- 6£ystaltgpssiate by
heat treatnment or with an adhesive to another thermally oxi di zed S
si ngl e- cryst ginglbstrgksealoshibsrabe 8Ocher by psbtonttea. In this nethod,
the active layer for device 20 formation has to be forned as a uniform
thin fibm implanSbatied diIfmkéremt b} .anJSi Csysyhé- Grpwthl ¥abst fAte of a
t hi ckness of several hundred m croneters has to be made _ into a thin
filmin the 8hded 18833 )ncer breepiteripdsgrowth andThatterhdngngth@p net hods
are being proposed for this 25 _pur pose: ] (a% thin film
formation byegédecdingganodization in pp HE FOAUTAPPoERRM §ASby sel ective
et chi ng.
g surface so as to surround the Si island to thereby make
only the P-type Si substrate porous, and effecting
10 dielectric isolation of the N-type Si island by
accelerated oxidation. In this method the isolated Si
area is defined prior to the device process so that the
freedom of device designing may be limited; and
(d) In addition to the conventional SOI forming
15 methods described above, there is recently contemplated
a method of bonding an Si single-crystal substrate by
heat treatment or with an adhesive to another thermally
oxidized Si single-crystal substrate to form the SOI
structure. In this method, the active layer for device
20 formation has to be formed as a uniform thin film.
Stated differently an Si single-crystal substrate of a
thickness of several hundred micrometers has to be made
into a thin film in the order of a micrometer or less.
The following two methods are being proposed for this
25 purpose:

(a) thin film formation by polishing;

(b) thin film formation by selective etching.



-7- ' However the nethod (a) is difficult to provide a

uniformthin film In particular, in case of a thin film of

sub-m cron thickness, there is a problemthat the fluctuation in

t hi ckness becomes as high as several 5 tens of percent and the
difficulty becones severer with the/ imcrease in the wafer dianeter.
The nethod (b) is considered effective for obtaining a uniformthin
film but is associated with the following Iimtations: 10 -
sel ectivity, being about 102, is not sufficient; _ insufficient

surface property af}{oqevglrctgﬂgg;me%%d dlaa?tl dflﬁfm?%ést’ﬁ@ ?r%)krtﬁé of t he

sem conduct or | ayer on

i nsuf ficient : ta I epi is utilized
Qﬁgh%t in, 12.9& @nap AL WEQS} "a;xo Rif @d &r%""ﬂé?u(uc

on the 15 | ayer ion inplantation

Harendt et al.gjih &2 eGlp-dMiRIn ,th\iQJknegé 40,64l 9%)a problem Rnhdgaungart

et al., Extended Abstract of ECS I nt ernational Synposi um of

Waf er Bondi ng,tHa.fluctuatiGid :(ri&ﬁﬂ;)ckrﬁssE.béd&mtes Rd endpd Absigwraialof ECS
1st 20 I nternational Synposium of Wafer Bonding, pp. 696

(1991)). 5 tens of Mertdent drik tdemdicitiuotlcry shersimest eseargrenyiwigt he
bondi ng al ways necessitates two wafers, one of which is nostly

el i mi nated by e i ¥drepse o cthegrafidqudiageteryesulting in significant
waste of the limted resources of the earth.

The method (b)) is considered effective for
obtaining a uniform thin film, but is associated with
the following limitations:

10 - selectivity, being about 10%, is not sufficient;

- insufficient surface property after etching; and

- crystallinity of the semiconductor layer on the
insulating film (SOI layer) is insufficient because
epitaxial or heteroepitaxial growth is utilized on the

15 highly B-doped Si layer formed by ion implantation (C.
Harendt et al., J. Elect. Mater., Vol. 20, 267 (1991),
H. Baumgart et al., Extended Abstract of ECS 1lst
International Symposium of Wafer Bonding, pp.
733 (1991), C. E. Hunt, Extended Abstract of ECS lst
20 International Symposium of Wafer Bonding, pp. 696
(1991)).

Further, the semiconductor substrate employing the
bonding always necessitates two wafers, one of which is
mostly eliminated by polishing or etching, thus

25 resulting in significant waste of the limited resources
of the earth.

Consequently the SOI employing the bonding



Consequently the SO enpl oying the bondi ng currently has
‘various problens in the controllability, uni formty and econom cal
property. Also in case of a light-transm ssive substrate
represented by glass, a thin filmSi Ia%er deposited 5 t hereon usually
becomes anor phous or polycrystal at ~ “best, reflecting the disorder of
the substrate, so that a hi gh-performance device cannot be prepared.
This . is based on a fact that the substrate is anorphous, and a-
nmere deposition of an Si |ayer thereon will not provide 10 a fine

qual ity singbgsped$i9! nh8Y6hrious problems ONCYRE: cBHERoR1ability,
[ i ght-t ransm ssi ve substrate Is | r’rportant I n constructi ng a cont act

sensor whi chyh$f8rmity anbi 8BbnbREERYI BRopbe®eNt, or a projection-type
l'iquid crystal image display device, and, for formng the 15

pi xel s (i mage el eAeBbS)inOtasHChfaasenNght-@radsmikaYve substgda¢ece With a
hi gher density, a higher resolution and a hi gher precision, there
are requiredrdpirespgteldetgnglass, a thinhifgher spedbgemadeposCardequent |y,

t he devi ces provided on the |ight-transm ssive substrate have to be
20 pbepar ébeweoh assiaddlye becyses| amayphouks exceblymrystal at
crystallinity. . Thus, it is difficult to produce the driving

el ements of é&ﬁftircF@rfﬂ-eﬁé:ﬁ-Wrﬁﬁlﬁcélﬁﬁ’Féﬁan@ft Reec gubsitrate, so haftyture
requi renment in_anoprphous or polycrystal Si 25 because of the crystal
structure w BhPdghspgE tarp@Rcedevice capnpd: be peepared. This is

based on a fact that the substrate is amorphous, and a
mere deposition of an Si layer thereon will not provide
10 a fine quality single-crystal layer.

However, such a light-transmissive substrate is
important in constructing a contact sensor which is a
light receiving element, or a projection-type liquid
crystal image display device, and, for forming the

15 pixels (image elements) of such a sensor or display
device with a higher density, a higher resolution and a
higher precision, there are required driving elements
of higher performance. Consequently, the devices
provided on the light-transmissive substrate have to be

20 prepared with a single-crystal layer of excellent
crystallinity.

.Thus, it is difficult to produce the driving
elements of sufficient performance matching the current
or future requirement in amorphous or polycrystal Si

25 because of the crystal structure with a large amount of
crystal defects.

As explained in the foregoing, a compound



As explained in the foregoing, a conmpound

-9- sem conduct-or substrate is essential for producing a

conmpound sem conduct or devi ce. However the conpound sem conduct or
substrate i s expensive, and the pr@p@ration of the large-area
substrate is extrenely 5 difficult. Also it has been tried to
epitaxially grow a . .conpound sem conductor such as GaAs or the |like on
an Si substrate, but thus grown film shows insufficient

crystallinity because of the differences in the lattice 10 const ant and
i n the ther nededX@onEh@tor il tt£td ,iS@ssential MRir igrdduceixiyg el y

difficult to apply such a filmfor devi ce producti on. It
has further beempdunddsémiemdextat |dewiramn a However cdrpaontpasd conduct or
on porous Si in order to relax 15 the lattice m smatching, but the

obt ai ned subssemieonductor | sulkstradtee sisleipansiaa, tdred ridig abi lity during or
after the preparation of the device, because of the |ow

t her mal st abi Prepasabionecof | the depegrigned RRRtEALe Hes extremgigr ous Si .

20 O _the above-descri bed producing nethods for the SO

waf er, the nefhb&i6¥1torni ng a non-porous single- crystal

sem conduct or | ayer.on a porous |ayer, and L. tr ferring the

seni conduct or Iaye?lﬁﬂtbtabgﬁgﬁﬁ?? tried t%LﬁE&Y%ﬁ%éii%i%ﬁPWr%ulation

Layer, 2%, 3T S8baB8nh " bhEcoRTuctod ABRDEEs FBLRD oA PBRL CRELE K aLS- CPen No.
Si substrate, but thus grown film shows insufficient
crystallinity because of the differences in the lattice

10 constant and in the thermal expansion coefficient, so
that it is extremely difficult to apply such a film for
device production.

It has further been tried to epitaxially grow a
compound semiconductor on porous Si in order to relax

15 the lattice mismatching, but the obtained substrate
lacks the stability and the reliability during or after
the preparation of the device, because of the low
thermal stability and the time-dependent change of the
porous Si.

20 Of the above-described producing methods for the
SOI wafer, the method of forming a non-porous single-
crystal semiconductor layer on a porous layer and
transferring the semiconductor layer onto a support
substrate via an insulation layer, as disclosed in the

25 Japanese Patent Application Laid-Open No. 5-21338, is
superior in consideration of the excellent thickness

uniformity of the SOI layer, easy control of the



superior in consideration of the excellent thickness uniformty of

‘the SO | ayer, easy control of the : _ .-
10 - crystal defect density of the SO |ayer at a |ow | evel, ,
~excel lent surface flatness of the SO_Ifé/er, absence of necessity for

~an expensive manufacturing apparatus of - speci al specifications, and
possibility of .production, 5 I n the sane apparatus, of SO filns of a
wi de t hi ckness range from several- hundred Angstronms to about 10

m croneters, - . As described in an exanpl e of Japanese Patent

Appl i cation Lai,dvheRoact’aaR3889 o8y thandbRg1aybi Sk alQcy 184Rstrate and
a second substrate to each other, "then separating the first and the

second subst egtes 1enktheurface fladeskisueli @fct Bereakyal ,aabekacesoigl €)

por ous | ayer, snoot hing a residue | ayer of the porous |ayer

remai ni ng neces@i tyh€osunha eepenk ivke mEnufh cand inec apgpasalrsisr atfes, 15
respectively and again formng a porous |ayer thereon for reuse, it

i s possi bl e spegdalt lspeidifdcadionis, aeed possibddvdivaloft iprestuctioes, t here
can be obtained significant advant ages of significantly reducing the
product Pon in thecsameypppangiuisy yiofy SOHe fidogueti @n widecddhdcknesisf . 20
However, the separation of the bonded wafers at the porous | ayer is
general |y po&éfgice fxgmgameral hundrgdy Aagedmomsnd® mPWFd 1% here stil |

remai n certain roblens to be solved. For exanple, the separation of
the bonded WIFEO™t*S e porous layer may result in a 25 partia

destruction of th%sfl esé[cr%.rbescieci%n%ns%Q{%[mrpTee’of Japanese Patent

Application Laid-Open No. 7-302889, by bonding a first

10 substrate and a second substrate to each other, then
separating the first and the second substrates without
destruction thereof at a sole (single) porous layer,
smoothing a residue layer of the porous layer remaining
on the surfaces of the first and second substrates,

15 respectively and agéin forming 'a porous layer thereon
for reuse, it is possible to use the first substrate
several times. Thus, there can be obtained significant
advantages of significantly reducing the production
cost and simplifying the production process itself.

20 However, the separation of the bonded wafers at
the porous layer is generally possible using the
above-mentioned method, there still remain certain
problems to be solved. For example, the separation of
the bonded wafers at the porous layer ma& result in a

25 partial destruction of the first or second substrate,
or in introduction of defects such as cracks or

dislocations into the non-porous single-crystal



or in introduction of defects such as cracks or di sl ocations into

't he non- porous single-crystal ' sem conduct or | ayer forned

on the porous |ayer. Al so, there is a case where the separation at

t he porous | ayer can not be attaiped_though the reason is

unclarified and the frequency of such phenonenon is 5 | ow. For

achi eving stable separation, it is effective, as discl osed in anot her

exanpl e of the above nentioned . ‘Japanese Patent Application Laid-Open

No. 7-302889, to vary the current in the course of anodization,

t her eby sdnmiidbrind ey Aeyvels foayeds on Hhe porous llaysich algethod, the

separation of the bonded substrates becones easier, but the porous

| ayer may be there ishraolesse wheshearte isepanation @t tihe slogpsisf rom t he

anodi zation step for formng the porous layer to the conpl eti on of

t he bondi ng stagrer Starh nierhs Attaired Yhesghudthieoraagpry dirder t he bondi ng

step inpossible or ] may cause contam nation of the production steps

by the ungakatief ed b ridie £5eBmngGie O SUSh RheaSngred Sor

from the non-porous_single-crystal |ayer forned, .. thereon. For

Lexampl 6,5 11 LR porfiis FEREVING RIARRE SRPETEAR ok 4% S R4 ¢ he

course of the ang the a odiﬁz]ti APpar atus, it becomes no
- p O

. qg%ﬁgiqg jn. ove ment
| onger p055|tﬁ%3 1Sclosg iﬂn?QﬁFH%Ff%ﬁaﬂ h S|n§}é?€fvg% | | ayer
on a S}{@g? d&& Ple *}e‘?pf;‘a@ﬁ{&’i %.aid-Open No. 73dtf2ddb case of

peeling off o e porous la
vary the current in the course of anodization, thereby
forming two porous layers.

10 In such a method, the separation of the bonded
substrates becomes easier, but the porous layer may be
broken in advance in any one of the steps from the
anodization step for forming the porous layer to the
completion of the bonding step. Such premature

15 destruction may render the bonding step impossible or
may cause contamination of the production steps by the
particles generated from the broken porous layer or
from the non-porous single-crystal layer formed
thereon. For example, if the porous layer is peeled

20 off even in a part in the course of the anodization in
the anodizing apparatus, it becomes no longer possible
to uniformly form a non-porous single-crystal layer on
a substrate of such a substrate.

Also in case of peeling off of the porous layer in

25 the electrolyte in an anodizing tank, uniform peeling
off and recovery of the porous layer only can be

expected seldom, but a part of the porous layer may



25 the electrolyte in an anodi zi ng tank, uniform peeling of f and
‘recovery of the porous layer only can be expected sel dom but a part
of the porous |ayer may ' - 12 -
usual 'y be peeled off partly. O herw se.,the peel ed of f porous |ayer
may be broken finely to cause sca%%ering of fine particles of the
porous | ayer. Such particles nmay be deposited on a surface of another
5 first substrate to | ower the surface uniformty of the por ous

| ayer and to form pinholes in the non-porous sem conductor | ayer at

the formati onstiagngobe peelbar off partiyCh pahkirélies, Mnel welched | ower the
t hi ckness uniformty of the sem conductor |ayer or generate 10

crystal defeoiff poebeaisnlayesr adgi beobrokenh fdepdy ttedcause particles may
i nduce formation of voids which becone non- bonded portions when
bondi ng t he bwatdelringatods fime particdashodt fibve. porous layer.Su@ugbeel i ng
off of the porous |layer prior to the 15 bondi ng step nay be caused not
only in the @assdiicley may be giepesidedaloro g sunfpost leefadiheror after the
bondi ng . step, such as a subsequent oxidation step in a heating

oven, aJSsubs&dFeht SYERHFHGUIS AT FhG Funtare uniformify R ,Fhqep in a
CVD appar atus or th%_like, l.ing step in a heating oven after

20 annea .
the bondi ng EFPYUs laven gng £q FA%H pt"ﬁg‘ot}&?di S SPYROTYS: ¢l eani ng

step requi red repeat.edl v between the respective ep
The destruct isc?%llcﬁor};‘d\}lé:n aq a'aarytééofa \r%ep roorﬁ"saﬁlé%e&thereosé' [ ?\Fuarntyheo’?’ t hese

steps render%d&ﬂaﬁgf¥¥gfg§(Mhﬁﬁf&f¥her lower the thickness

uniformity of the semiconductor layer or generate
10 crystal defects therein. In addition, such deposited
particles may induce formation of voids which become
non-bonded portions when bonding the two substrates to
each other.
Such peeling off of the porous layer prior to the
15 bonding step may be caused not only in the anodizing
step but also in any step before or after the.bonding
step, such as a subsequent oxidation step in a heating
oven, a subsequent non-porous semiconductor layer
forming step in a CVD apparatus or the like, an
20 annealing step in a heating oven after the bonding step
for improving the bonding strength, or a cleaning step
required repeatedly between the respective steps.
The destruction of even a part of the porous layer
in any of these steps renders the preparétion of the
25 desired semiconductor substrate impossible, and, if the
various processing apparatuses are contaminated with

the particles of the broken pieces of the porous layer,



25 desired sem conductor substrate inpossible, and, if the

‘'vari ous processing apparatuses are contam nated with the particles
of the broken pieces of the porous |ayer,

- 13 - such appar at uses have tq be ceased to be used and the
particles nmust be thoroughly renoved. Even if the destruction of
t he porous | ayer does not occur prior to the separating step, there
is a case 5 where the porous layer remaining on the non-porous

sem conductor |ayer transferred onto the second . .substrate may not be

uni formin t hiwkpesspadised ave to selsddie wfaamsedustn unayen
t hi ckness results from partial destruction or peeling off of the

porous | ayer.padficled nmide i esleswceugily heenppfedls | ayer with such uneven

t hi ckness, the non-porous sem conductor |ayer may be excessively
etched locally in Evensibseuriedesetwtiinn of the paocess,laywr elyesa | ayer of
uni form t hi ckness may not be obtained. 15 SUWARY OF THE

| NVENTI ON not occur Apridfet? e t$rprationg staRnttRere sis @ prand de a
sem conductor substrate in which the destruction of the por ous
region i3 di ffheretthe PREQYS plaver tFeRptning on LR MR TRAFVHS t he bonded
substrates, and a process for produci ng t he sane.

Anot her obj ec?e‘B?‘c‘P%‘éu‘EF%Ee?ﬂ?Y?ﬁvEﬁ?’i‘%f’P?%eq Pnto the [Hegeed 5

sem conduct or SUb% @e még KQLCQe unlform in thickness within the

substrate surface. Such uneven thickness results from
partial destruction or peeling off of the porous layer.
10 In the presence of the porous layer with such uneven
thickness, the non-porous semiconductor layer may be
excessively etched locally in the subsequent etching
process, whereby a layer of uniform thickness may not
be obtained.
15
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
semiconductor substrate in which the destruction of the
porous region is difficult to occur prior to the

20 separation of the bonded substrates, and a process for
producing the same.

Another object of the present invention is to
provide a semiconductor substrate in which the
separation takes place reproducible at a predetermined

25 position of the porous region, and a process for
producing the same.

Still another object of the present invention is



separation takes place reproducible at a predeterninéd 25  position of

the porous region, and a process for produci ng the sane.

Still another object of the present invention is

- 14 - to provide a sem conductor substrate capabl e of:

i nexpensi vely providing an SO substrat ef- satisfactory quality, and
a process for producing the sane. 5 The above-nenti oned

obj ects can be attained, according to the present invention, by a
process for produci ng a sem conduct or substrate conprising the

o —" R TR S EN R NG T

and a non- por ayer -arrange orous region;

bondi ng the non-9§é§§§¥§$giSgggggggénéﬁyg 1t QuBstrate og€cond substrate;

separating t he bo and sec substrates 15 at the porous

region, and g4 isfactor?eaﬁﬁhﬁﬁyﬁhSnaoéaﬁioéégéOBoEeﬁﬁbahaﬂngﬂtha?
separ ated second substrate; erein the porous region is forned

such that thegame. porous region conprises a first porous |ayer adjacent
20 to the non-porous sem conductor |ayer and a second por ous

| ayer hagi ng a hi grae pboesi-mgnaidnadsohijkeets can bet hitdkiesd,t han t hose of
the first porous |ayer, and such that the thickness of the second
porous | ayer iagcording to the present invention, by a process for
producing a semiconductor substrate comprising the
steps of:
preparing a first substrate having a porous region
10 and a non-porous semiconductor layer arranged on the
porous region;
bonding the non-porous semiconductor layer to a
second substrate;
separating the bonded first and second substrates
15 at the porous region; and
removing the porous region remaining on the
separated second substrate;
wherein the porous region is formed such that the
porous region comprises a first porous layer adjacent
20 to the non-porous semiconductor layer and a second
porous layer having a higher porosity and a smaller
thickness than those of the first porous layer, and
such that the thickness of the second porous layer is
not more than 80% of the thickness of thé first porous
25 layver and the porosity of the second porous layer is

from 30% to 60%.

According to the present invention, there is also



not nmore than 80% of the thickness of the first porous 25  layer and the

‘porosity of the second porous |ayer is from30%to 60%

According to the present invention, there is also

- 15 - provi ded a conposite nmenber for a sem conduct or .
substrate, conprising a first substratelSa-porous regi on provided on
the first substrate, a non-porous sem conduct or . | ayer provided on the
porous region, and 5 a second substrate provided on the non-porous

sem conductor | ayer; wherein the porous region conprises a first
or ous Yy |.ac X N ) 1.C | ayer and
g second porc#u@‘ﬁadye?rjj%aw %6%1%$§h%@gﬁg%%tayssgér?& a smgl | er

thickness thaahﬁé’@é&& It d Slg rlaorﬂ]qzsyt substAdWES a GREErein the

f
t hi ckness of the second porous er 1s not nore than 80% of the

thi ckness of ddiPion providddtoROfiaisedmyersadiskidies PA asddpHodde second
porous |ayer is from30%to 60% 15 The term "porosity" as used in

t he specifi caéémitonductofinlhgddi pFovdead 0 the goonos tregicf, tdred vol une
as occupied by the pores with respect to the materi al

constituli ng & heeqpondusubstyrate widwided e otherenai-gpdwous por ous

| ayer. 20 In order to facilitate the separation after the

bondi ng, the geMicPrjugtor hbagerbnd porous |ayer is mai nt ai ned

within a range from 30%to 60% preferably
: wherein the porous regidn comprises a first porous

layer adjacent to the non-porous semiconductor layer
and a second porous layer having a higher porosity and

10 a smaller thickness than those of the first porous
layer, and wherein the thickness of the second porous
layer is not more than 80% of the thickness of the
first porous layer and the porosity of the second
porous layer is from 30% to 60%.

15 The term "porosity" as used in the specification
and claims refer to the proportion of the volume as
occupied by the pores with respect to the material
constituting the porous layer, within the volume of the
porous layer.

20 In ordexr to facilitate the separation after the
bonding, the porosity of the second porous layer is
maintained within a range from 30% to 60%, preferably
from 40% to 60%. The separation is still possible at
a porosity lower than such a range. Howéver, there is

25 a case where during the separation, there may result a
partial destruction, a crack or a slip dislocation in

the first or the second substrate or in the non-porous



from40%to 60% The separation is still possible at a porosity

| ower than such a range. However, there is 25 a case where during the
separation, there may result -a partial destruction, a crack or a
slip dislocation in the first or the second substrate or in the

non- por ous ~ layer fornb® on the porous |layer of the first
substrate. In order to prevent such phenonena the porosity is

mai ntai ned in the range of 30%to 60% Further, when the thickness of
the first porous Iayer adj acent to the non- porous sem conductor | ayer

S deflged as "tl" and % e thlckne s of t §FC§ or ous | ayer
i s defined as2¥3T, Pﬁ@?& Fg i BPF8Y=a 13yer o i 6n&Rip 0.8 t1 [err]

L2, Thus 121 s pghegled 9 a5 L, oo ordfehe! e hURRBRL cacef er abl y

of t1l. By Satisfying suchare SnshP Re porous region

remai ni ng 0N L I9pY0NS 1SRl GARIYG! dhel 248 tiehos o goRhe Separati on

becomes subst ntla uni orn1 n Ss wWithin the surface of the

second substraigtner, whellthe RAiSRNRGH W X:h%t ¢ HheoueMaiagieRd POrous
15 regi on thereaft’'er, the thickness of the non-porous

seni condiget or daaelertthalo FBRRINdH-WorkRi segiikdruchted layer ikecones
uni form The presence of the porous region having the

above- descri behfrigleat iate "ral"atandn dhiepThaskinesishef he sepondsiporesisand t he
t hi cknesses can prevent the peeling of f or destruction of the porous
regi on prior tleyere is defined as "t2", there is satisfied a
relationship 0.8 t1 =2 t2. Thus t2 is selected so as to
be not more than 80%, preferably 50%, of tl. By
10 satisfying such a relationship, the porous region
remaining on the non-porous semiconductor layer after
the separation becomes substantially uniform in
thickness within the surface of the second substrate.
Thus, by selectively etching the remaining porous
15 region thereafter, the thickness of the non-porous
semiconductor layer that remains without being etched
becomes uniform.
The presence of the porous region having the
above-described relative relationships as to the
20 porosities and the thicknesses can prevent the peeling
off or destruction of the porous region prior to the

separation step.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figs. 1A, 1B, 1C and 1D are schematic cross-
sectional views showing a basic process for producing a

semiconductor substrate of the present invention;



Separation step. BRI EF DESCRI PTI ON OF THE DRAW NGS 25
Figs. 1A, 1B, 1C and 1D are schematic cross- "sectional views show ng

a basic process for producing a .sem conduct or substrate of the
present invention; - 17 -

Figs. 2A, 2B, 2C, 2D and 2E are schematitd c¢ross- sectional views
showi ng an enbodi nent of the process for producing a sem conduct or
substrate of the present i nvention; 5 Figs. 3A, 3B, 3C, 3D
and 3E are schematic cross- sectional views show ng anot her

enbodi ment of the p;iae N 0CASS O A QU IJH frod WEHAMAUC M githstrate of
t he present ‘invention; ’ Figs. 4A, 4B, 4C, 4D and 4E are

schematic Crassetididhl visSed IsHRling ens i interst idd anotdiceaydodi ment  of
t he process for producing a sem conductor substrate of the

present inventd®producing a sertidbndudtoon filltrshwwMNeHdpradait onshi p
bet ween the anodi zing tinme and the anodi zing current of the 15
anodi zati on eplayeibnn the present invention; Fig. 6 is a
chart showi ng the rel ati onshi p between t he thickness of the first
porous l@ayer and thigs. 3A, 3BodBCi AP and 98 drg schemagic wrasetond por ous
| ayer; and 20 Fig. 7 is a chart showing the relationship

bet ween seqhiondl ckirks YIOIRG fanathemp remrodinrrt £f thre

process for producing a semiconductor substrate of the
present invention;

Figs. 4A, 4B, 4C, 4D and 4E are schematic cross-

10 sectional views showing still another embodiment of the
process for producing a semiconductor substrate of the
present invention;

Fig. 5 is a chart showing the relationship between
the anodizing time and the anodizing current of the

15 anodization employed in the present invention;

Fig. 6 is a chart showing the relationship between
the thickness of the first porous layer and the
anodizing current for forming the second porous layer:;
and

20 Fig. 7 is a chart showing the relationship between
the thickness of the first porous layer and the

porosity of the second porous layer.

DETAILED DESCRIPTION OF THE PREFERRED EMEODIMENTS
25 In the following there will be explained a basic
process for producing a semiconductor substrate

according to the present invention, with reference to



porosity of the second porous |ayer. DETAI LED DESCRI PTI ON OF THE

'PREFERRED EMBODI MENTS 25 In the following there will be explained
a basic process for producing a sem conductor substrate

according to the present invention, with reference to

- 18 - Figs. 1A to 1D. - 18 -At first, as shown in Fig. 1A
there is prepared a first substrate 10 provided with a porous region
1 and a non-porous sem conductor |ayer 13 provided on the 5 -porous
region 1. : The porous layer 1 is so formed as to have a

structure |ng%p |ng 2atd ?pt a first porous |ayer 11 adj acent to the
non- porous senrcon {ctor ayer 13 and a second porous |ayer 12. 10
The porosity P2 ofyd hg gacond REaS haxqrg 1375 there is5@repkiehed as (0
be higher than the porosity P1 of fi'rst porous layer 11, and the
porosity P2 ifsr& ecfiRdtrate 10 Wl@e@ RARGE o PO oriedy 1601 and

Al so the thickness t2 of the second porous |ayer 15 2 is so selected
as not to exeeedn3@brefud RRniictidiesdr layer 1B @frdvididd st ey ous | ayer
11. Then, as shown in Fig. 1B, the first substrate 10

and a sécond psutusts ateggibh dr.e bonded to each ot her via an insulating
| ayer 15 to obtain a conposite nenber 2 20 for formng the

seni conduct or sub$heatmwrous layer 1 is so formed as to have a
structure including at least a first porous layer 1l
adjacent to the non-porous semiconductor layer 13 and a
second porous layer 12.

10 The porosity P2 of the second porous layer 12 is
so selected as to be higher than the porosity Pl of the
first porous layer 11, and the porosity P2 is selected
within a range from 30% to 60%.

| Also the thickness t2 of the second porous layer

15 12 is so selected as not to exceed 80% of the thickness
tl of the first porous layer 11.

Then, as shown in Fig. 1B, the first substrate 10
and a second substrate 14 are bonded to each other via
an insulating layer 15 to obtain a composite member 2

20 for forming the semiconductor substrate.

The insulating layer 15 is preferably formed,
prior to the bonding, on at least either of the
surfaces of the first substrate 10 and the second
substrate 14.

25 Then, as shown in Fig. 1C, the first and the
second substrates are separated, whereupon the

separation takes place at the interface of the first



The insulating layer 15 is preferably forned, prior to the bonding,

‘on at |east either of the surfaces of the first substrate 10 and the
second substrate 14. 25 Then, as shown in Fig. 1C, the
first and the second substrates are separated, whereupon the
separation takes place at the interface® the first

- 19 - porous | ayer 11 and the second porous layer 12, or at a
portion of the second porous |ayer close to the above- ment i oned
interface, or at a portion including the entire second porous |ayer.

> Thu oréuéefg?gi‘ if‘y%ﬁd Ldibe Oée@oﬁc?réé’f&é hii&gﬁ% 952 ae§“' ting

fromthe first porous fayer remalr Nns on

the ot her hanﬂorﬁﬂoﬁhgffhﬁét econd SHPSHE A &y ?£h€i§s@3¥00%hém356$E remain a
remmant | ayer e second porous” [ ayer . Then, as

shown in Fi 9. mdReibh8af LhebrPREOUSor at a SEPLLOAUSEDEALRY End1lb renai ni ng
on the surface of the second substrate 14, nanmely on the

non- por ous seghcapduseobniagerodsd 1ayeeroved. In this manner there
Is obtained a SO substrate having the 15 non- por ous sen conductor | ayer
13 on thd second Thus, subemnaht ldyeralilbeofnsulaifogn| gyeckiéss

Al 'so by renoving, if necessary, the second porous | ayer 12b
remai ni ng on resulliting fubmt theefiostt herous layewvphi aredainssensphetrate

10 can be used again as the 20 first or second substrate.
second substrate. On the other hand, on the first

substrate, there may or may not remain a remnant layer
12b of the second porous layer 12.

10 Then, as shown in Fig. 1D, the first porous
semiconductor layer 1llb remaining on the surface of the
second substrate 14, namely on the
non-porous semiconductor layer 13 is removed. In this
manner there is obtained a SOI substrate having the

15 non-porous semiconductor layer 13 on the second
substrate 14 via the insulating layer 15.

Also by removing, if necessary, the second porous
layer 12b remaining on the first substrate 10, the
separated first substrate 10 can be used again as the

20 first or second substrate.

The starting material for the first substrate
prior to the formation of the porous region 1 is
preferably selected from semiconductor materials such
as Si, Ge, GaAs, InP, SiC or SiGe. |

25 The porous region may either be formed by making
the surface of the starting material porous or be

additionally formed on the surface of the starting



The starting material for the first substrate prior to the formation
- of the porous region 1 is preferably sel ected from sem conduct or
material s such - as Si, G, GAs, InP, SiCor SiCGe. 25 The
porous region may either be formed by i ng the surface of the

starting material porous or be “addi tionally formed on the surface of
the starting .- 20 -

mat eri al . The porosity P (% indicates the proportion of -
vol une of the pores, within the volunme of the porous - | ayer, with

respect to thgym@igfial constituting the 5 porous |ayer. The porosity
IS represented as foll ows, by using the density m of the porous

menber and the The s d ¥ MO (9 NI NOLAS FRIDSF £ Ss¢e materi al
as that of the poroJZ nenberﬂM % P = ((M-—r%é%ﬁ x 100 (99

(1) 10 volume dhetriensdies Mwithire £ ous) uier 4ife Ghiabwed by
dividing the apparent wei ght G of the porous nenber, cont ai ni ng

pores, by thelaysmar enitlvatesmedt ofo ttiee material atsnateithetimpntia ni ng t he
pores, nanely m= G V. In practice, the porosity P (% of the
porous 395 porgus bivehe Thstpexdsivatis ofepkesdntdld ssrfakkowsyer
only down to a depth d fromthe surface is porous is det er m ned by:
P=((A- a)/fAusiyg thaolegsity m of the pepgus membeXiRR@#he is the
wei ght of thedéééféysﬁbg%rglgg Iéggo&g member of the same material
as that of the porous member:

P=((M-m)/M) x 100 (%) ... (1)

10 . The density m of the porous member is obtained by
dividing the apparent weight G of the porous member,
containing pores, by the apparent volume V of the
porous member containing the pores, namely m = G/V.

In practice, the porosity P (%) of the porous

15 layer of the first substrate of which the surface layer
only down to a depth d from the surface is porous is
determined by:

P=((A -a)/(A - B)) x 100 (%) ... (2)
wherein A is the weight of the first substrate prior to

20 the formation of the porous layer, a is the weight of
the first substrate after the formation of the porous
layer, and B is the weight of the first substrate after
complete removal of the porous layer.

It is desirable to maintain the porosity of the

25 first porous layer, adjacent to the non-porous

semiconductor layer, as low as possible, in order to

decrease the crystal defects in the non-porous



20 the formation of the porous layer, a is the weight of t he

first substrate after the fornmation of the porous | ayer, and B is
the weight of the first substrate after conpl ete renoval of the

por ous | ayer. It is desirable to naintain the porosity of the
25 first porous |ayer, adjacent to th&lnon-porous sem conduct or

| ayer, as low as possible, in order to decrease the crystal defects
i n the non-porous ) - 21 - :

sem conductor |ayer at the subsequent formation t hereof. The reason

Is that at the injti eriad of the.formati.o non- por ous
seni conduct or ﬁ%olantor ci'atyl?g 5 e rsélé)ls(?r%uetnﬁe%ﬁgjéngglﬁ? t he porous
region are 5 filled, t I.qﬁq_r Lt itie Rasigy dde
pore filling, J‘\:ﬁeﬁe?%'e rTe%%eaf%g} % ehcéré;étg&r efltébcit sl of the

non- porous seMLEONANGLOL dAYS R s SRANARL semi condiedihi syt Rese the

porosity of the first porous |ayer I's desirably |l ess than 30%

preferably noteg®rEothdd rddion, 448 pores in the Adroud) Mdiein taraore
easily realize the separation of the bonded substrates, the porosity

of 5t he s£Lpad, paM@USthayBswers €esipadyisel ettecedide thot

| ess than 30% nore preferably not | ess than 40% and 15 to be not nore
than 60% Sucposel £t1limgj swith reteicessult thathetippradystabrdafeqts ng t he
wal |s of the pores in the porous | ayer, thereby rendering the porous
structure of tibeendnsapdreusnsenieonductonglayer dean R tTEeHLr eof

at that portion. ]
For this purpose the porosity of the first porous layer

is desirably less than 30%, preferably not more than
10 20%.

Also in order to more easily realize the
separation of the bonded substrates, the porosity of
the second porous layer is desirably selected to be not
less than 30%, more preferably not less than 40%, and

15 to be not more than 60%. Such selection is to reduce
the portion constituting the walls of the pores in the
porous layer, thereby rendering the porous structure
more fragile and facilitating the destruction thereof
at that portion. |

20 The second porous layer can be made thin, for the
purpose of separation of the bonded substrates. A
thickness of at least 50 nm, preferably at least 100
nm, is effective for the separation of the substrates.
However an excessively small thickness leads to a

25 difficulty in the precise control of the thickness of
the second porous layer.

On the other hand, an excessively large thickness



20 The .second porous | ayer can be made thin, for the ' pur pose
of separation of the bonded substrates. A t hi ckness of at |east 50
nm preferably at |east 100 nm is effective for the separation of

t he substrates. However an excesiively smal | thickness leads to a

25 difficulty in the precise contral 6f “the thi ckness of t he

second porous | ayer. On the other hand, an excessively |arge
t hi ckness - 22 - of the

second porous |ayer may result in peeling off of the first porous

layer prior ioF ihe ReRGNIGpRWRR Tayer may! BRRAROSIH Bt} ECQYH por ous
| ayer is not so high. In order to prevent such peeling, it is

effective tothe firsd PdrivRuissacgied RAIVS dArde Hindielg,t kawer he first
porous |ayer. As an internal stress is generated in the portion of a

| ower por osi tthe tdorqedryl @f afhea second hiceers dayesdt tiys ridt fsar meidyH hi cker
than the portion of the | ower porosity, becones excessively weak and
may be 10 Irhrolder pra @reverntheunindiasd. iwer ety itshee fpfmatiore dfo t he

| ower porosity may be peeled off. Even if the first orous | ayer is
consi dePabl y figrmekthe tsgapnhiparis diFver thinngn fhamthe G d porous

| ayer thicker than 3 [err]m . Consequently the thickness of the
second por ouPATHT lappr. (AS & Jd@Indd £E4R5AS tie SR Ed S Im  Mre

specifically, in consideration of the ease of separajfion, the
t hi ckness of T %%Tc‘b‘rﬂ?ﬁ#rcﬁjgcﬂ%ﬁferp‘??SJLtY' t@%l%‘f‘é’og%? i a range from
1 nmto 1 [Eﬁﬁﬂéﬁéf”pé%osity, if formed thicker than the portion of
the lower porosity, becomes excessively weak and may be
10 broken prior to the bonding whereby the portion of the
lower porosity may be peeled off. Even if the first
porous layer is considerably thick, it is not desirable
to form the second porous layer thicker than 3 um.
Consequently the thickness of the second porous layer
15 is so selected as not to exceed 3 um. More
specifically, in consideration of the ease of
separation, the thickness of the second porous layer is
selected within a range from 1 nm to 1 ym for a
substrate not exceeding 6 inches in diameter, and
20 within a range from 1 to 3 pm for a substrate of 8
inches or larger in diameter.

If necessary, there may be further provided a
layer of a porosity between those of the first and the
second porous layers, between the first and the second

25 porous layers or at a side of the second porous layer
opposite to the first porous layer. The stress at the

separation is concentrated on a layer of the highest



substrate not exceeding 6 inches in dianeter, and 20 wi thin a range

fromlto 3 [err]mfor a substrate of 8 I nches or larger in

di aneter. | f necessary, there may be further provided a

| ayer of a porosity between those of the _first and the second porous
| ayers, between the first and the secon 3 Z5 porous |ayers or at a side
of the second porous |ayer opposite to the first porous |ayer. The
stress at the separation is concentrated on a | ayer of the highest

- 23 - : porosity, which thus -functions as the second porous

layer. oposity ! ithidl | G GIIAOM lHs Rhdidibey (RhR P

expl anati on, %éil ng silicon as an exanﬁ]e. e mechani cal strength of
porous Si, t being dependent on the |evel of porosity, is

consi dered sufficiently lower than that of bulk Si. Thus, if the
bonded waf ers are ph Ve atSXTBWRSS i tirepWiliingpedrgiven a steaaiiirg force, the
porous Si |ayer is broken at first. 10 The porous | ayer can be broken
with a weakeretpramatddl, taking tdiclicwr eesen retdmpleevelThe porosity. |f

t he porous | ayer is conposed of a plurality of layers of different
porositi®s, theckanissl wtrengti € anreuedin thouglerbeing of the

hi ghest porosity, where the destruction begins. 15 ] An Si substrate
can be made peRRRRIPHt PRdFBatleYel of pPoxdsityi nkf Fr¥idgyet ion. In
conmparison with _the, density 2.33 g/cnierr] of single-crystal Si, the
density of  SUEEIGHRRBLY oLRVEF Tiarerthah o WArK ook wi (TR Targe of

bonded wafers are given a compressing, pulling or
shearing force, the porous Si layer is broken at first.
10 The porous layer can be brcken with a weaker force with
the increase in the level of porosity. If the porous
layer is composed of a plurality of layers of different
porosities, the stress will be concentrated in a layer
of the highest porosity, where the destruction begins.
15 An Si substrate can be made porous by anodization
utilizing an HF solution. In comparison with the
density 2.33 g/cm® of single-crystal Si, the density of
the porous Si layer can be varied within a range of
1.1-0.6 g/cm® by a change of the concentration of the HF
20 solution within a range of 50-20%. The porous layer is
not easily formed in an N-type Si layer but easily
formed in a P-type Si substrate because of the reason
explained below. According to the observation with a
transmission electron microscope, the porous Si layer
25 contains pores of 100-600 A in average diameter.
The porous Si was found by Uhlir et al. in 1956 in

the course of investigation of electropolishing of



1.1-0.6 g/cnferr] by a change of the concentration of the HF 20

solution within a range of 50-20% The porous |ayer is not easily
formed in an N-type Si layer but easily - formed in a P-type S
substrate because of the reason _ ?plained bel ow. According to the
observation with a transm ssi on eCtron mcroscope, the porous S
| ayer 25 contains pores of 100-600 A in average dianeter.

The porous Si was found by Unhlir et al. in 1956 in t he course’ of

i nvestigation of electropolishing of

- 24 - semi HEEIHGOr rftidhledll Beldt SyRdon.Teeh. vbi. @8, 35,
333 (1956)). Al so Unagam et al. |nvest|gated t he di ssolution
reaction of $§33 nmypwlj gation and reported that the 5 anodi zi ng
reaction of Si in an HF solution involved positive holes with the

followi ng reacti omslsshagdni et al. imagstigatled Brectdiosdwntisae. , Vol .
127, 476 (1980): Si+ 2HF + (2-n)e[err] SiF[err] + 2H err] +
ne-Si F[err] +reédftion of Si in anodization and eregorSied ethdt +thf err 10
SiF[err] + 2HF ~ [err] Herr]SiF[err] or .S+ 4HF +
(4-[err]3 e[ eranodiz i@ rrgactiupy % |S4 irran iR rsqBrien rinvobygd
H2Si F6 wherein e[err] and e[err]_respectively represent a positive
hol e PRSP R 1m. Wik othe offl dowinrg ceractirnpuRBRe e (T 15
positive holes requjred f dissolving_a Si atom d 'é was
reported the 10oPP lSiJwa'g:[?%Fﬁ%‘ah%e%s%c" dor c%)%zitﬁ)ﬁ ‘11%é Yor [err] >
4 1s satistied;, oup + (2-n)e' - SiF, + 2H' + ne'SiF, + 2HF
- SiF, + H,
10 SiF, + 2HF - H,SiF, or
Si + 4HF + (4-A)e' —» SiF, + 4H' + Ae SiF, + 2HF
- H,SiF,
wherein e' and e  respectively represent a positive hole
and an electron. Alsc n and A indicate the number of
15 positive holes required for dissolving a ‘Si atom, and
it was reported the porous Si was formed when a
condition n > 2 or A > 4 is satisfied.
According to the above, the P-type Si containing
positive holes can be made porous but the N-type Si is
20 not made so. This selectivity in porous structure
formation was proved by Nagano et al. and Imai (Nagano,
Nakajima, Yasuno, Ohnaka and Kajiwara, Technical
Research Report of Electronic Communications Society,
Vol. 79, SSD79-9549 (1979), K. Imai, Solid-State
25 Electronics, Vol. 24, 159 (1981)). It is however also

reported that porous structure formation is possible in

the n-type Si if the impurity concentration is high (R.



According to the above, the P-type Si containing ~ positive holes can

be made porous but the N-type Si is 20 ~not made so. This selectivity
i n porous structure formati on was proved by Nagano et al. and | nai
(Nagano, Nakaj i ma, Yasuno, OChnaka and Kajiwara, Techni cal '
Research Report of Electronic Cbnnunlcatl%%5'800|ety, Vol . 79,
SSD79- 9549 (1979), K I1mai, Solid-State 25 - .Electronics, Vol. 24, 159
(1981)). It is however al so : reported that porous structure
formation is possible in the n-type Si if the inpurity

concentration bS

- 25-
P. Hol nstrom and ?bg@SQgﬁm agppf %hyChlLe%Fpl‘VPPYSAZLett" V3Be %&983)),
so that it is BEBO(u3BE)HO S6 BRhrAit i lag8§£sﬁ£etélégfé89 gorous

structure formation, regardl ess o By the

observation mnhhbét&é@@saniéweﬂgebeﬁbﬁgnstructuBbCEe§ﬁ99§onthe porous Si
| ayer contains pores of about -600 A in average di ameter. The

si ngl e- ceygatallbissi by pSOﬁanntgpaed even when the density is

reduced less than half of that of single-crystal Si, so 10 that it is
possi bl e bo epitaxi 8yl yher obsersangba-with a tehysihaksbonl ayectoont he
porous | ayer. However, at a t enperature exceeding 1000[err]C, the

i nt-ernal poresmaEgoscope, tharpanged & dsveri opateihhepacres! ef asbduet chi ng
characteristics. Far n?es reason, a _|owtenperature 15 growt h nmet hod
such as nol ecut8P-888nPepnt aXPARIEr §heReter. Thel sinalevD, | ow pressure

CvD, photo CVD bl% gutterlng or, liquid phase growh is considered
trystallinity is maintained even when the density is

reduced less than half of that of single-crystal Si, so
10 that it is possible to epitaxially grow a single-
crystal Si layer on the porous layer. However, at a
temperature exceeding 1000°C, the internal pores are
rearranged to deteriorate the accelerated etching
characteristics. For this reason, a low-temperature
15 growth method such as molecular beam epitaxial growth,
plasma CVD, low pressure CVD, photo CVD, bias
sputtering or liquid phase growth is considered
adequate fér the epitaxial growth of the Si layer.
Also as the porous layer has a large amount of
20 voids formed therein, its density is reduced to less
than half. As a result, the surface area increases
drastically in comparison with the volume, so that the
chemical etching rate thereof is significantly
increased in comparison with that of the ordinary
25 single-crystal layer.
The non-porous semiconductor layer to be employed

in the present invention consists of a single layer or



adequate for the epitaxial growth of the Si [|ayer. Al so as the
porous | ayer has a | arge anmount of 20 voids fornmed therein, its density
Is reduced to |ess than half. As a result, the surface area :

I ncr eases drastically in conpariign with the volume, so that the
chem cal etching rate thereof is signiffeantly : I ncreased in
conparison with that of the ordinary 25 singl e-crystal |ayer.

The non- porous sem conductor |ayer to be enpl oyed in the present

i nvention consists of a single |ayer or

- 26 - &!.ur%g.u rl(;%lryéGra%\F’) %rfls a0lethi SORHGRRANC RIS W 535 B, SRAEAAS,

InP, SIC Si N n case of plural |ayers, t he réspective

layers may ban# figientsifdedMRAcHoGae. 1In cdde GINPIGidani haylewe or
el ectric conductivity, or may 5 be those which forma hetero junction

t her ebet ween.the respectivB@ ay@i <P aiadlbes T FFHIHA FrdmeRichmaycHea f or med
by depositing a non-porous sem conductor |ayer on the porous region,

or by form ng.ra quorduestivaysr tyfper or elecbranploordudtdviitygl ant atayon, under
the surface | ayer of 10 a non-porous starting material, and enpl oyi ng
t he 5 sipe ddwdeaydrichwHicsn ree e e oni jiunmitti dyei v redetwemmouUs

state, as the non-porous sem conductor |ayer. The second
substrate enpl oyedhen nare-gareushtsemicondyghpahtlayemiph s damast from
sem conductors such as . 15 Si, G, SIC, SiC, GAs or InP, or from
insulating PY JSBR%IGING & QAT R YRS LGRS Rk oS &byl ass,

porous region, or by forming a porous layer, for
example by ion implantation, under the surface layer of
10 a non-porous starting material, and employing the
surface layer, which remains without being made porous
state, as the non-porous semiconductor layer.
The second substrate employed in the present
invention may be selected from semiconductors such as
15 Si, Ge, S$iC, SiGe, GaAs or InP, or from insulating
materials such as quartz, fused quartz, silica glass,
glass, sapphire or the like.
As the method fdr separating the bonded
substrates, there may be employed any of the separation
20 methods disclosed in Japanese Patent Application Laid-
Open No. 7~302889, for example irradiation with wave
energy such as ultrasonic wave, insertion of a
separating member from a side surface of the porous
layer parallel to the bonded surface of the bonded
25 substrates, utilization of expanding energy of a
material impregnated in the porous layer, selective

etching of the porous layer from a side surface of a



gl ass, sapphire or the I|ike. As the nmethod for separating the

bonded . substrates, there may be enpl oyed any of the separation 20
nmet hods di scl osed in Japanese Patent Application Laid- Open No.
7-302889, for exanple irradiation with e energy such as
ultrasonic wave, insertion of a S€parating menber froma side
surface of the porous | ayer paraIIeI to the bonded surface of the
bonded 25 substrates, utilization of expandi ng energy of a

material inpregnated in the porous |ayer, selective . etching of the

porous | ayer diem-2igédeubstiace, Obr dexposing the porous layer and
27 di sk-1i ke substrate, or exposi ng t%e porous | ayer and

oxi di zi ng t heopdiddusngayre popous bagersordmce theeestirface thwacedtil i zi ng
t he vol une expansion at the oxidation. Figs. 2A to 2E show a
process for paodustiyiaing theseolvmoedexpansiabsatatbe dasédtibont he basic
process shown in Figs. 1A to 1D and constituting an enbodi nent

of the present invEAgBen2A to 2E show AsprAg@Asi AOFi gro@ucing &he surface

of a first substrate 10, there are forned a first porous |ayer 11
10 and a sE@BhGOBGPﬁﬁgrlﬁyﬁﬁtiéte TH@SﬁGr6§|F9eoPth€ Pr°cesssecond

porous | ayer E I s sel ected Eo be ss than mglle t hat of
the first por8 pra§8rFi§S|s A to Ds@P CFEBSFstElPESQntﬁEH H8E1Al so t he

t hi ckness of £ the e ond gn%ogs | ayer 12 is so selected as to be not
15 nore thaRfot8 tPﬁ?? BF EREE5f°Phe first porous Iayer 11.

As shown in Fig. 2A, on the surface of a first
substrate 10, there are formed a first porous layer 11
10 and a second porous layer 12. The porosity of the
second porous layer 12 is selected to be not less than
30%, whiie that of the first porous layer 11 is
selected to be less than 30%. Also the thickness of
the second porous layer 12 is so selected as to be not
15 more than 0.8 times of that of the first porous layer
11.
The first and the second porous layers as defined
above can be advantageously formed by anodization.
After the first porous layer 11 is formed, on the
20 surface of the first substrate 10, with a first
anodizing current, the current is increased to make
porous the non-porous portion of the first substrate
under the first porous layer, thereby forming the
second porous layer 12. Instead of increasing the
25 current, the anodizing liquid may be replaced to form
the second porous layer 12 by the anodization under the

same current.



The first and the second porous |ayers as defined above can be
advantageously formed by anodi zati on. After the first porous | ayer
11 is forned, on the 20 surface of the first substrate 10, with a first
anodi zing current, the current is increased to nake porous the

non- porous portion of the first substrat®d - under the first porous

| ayer, thereby formng the second porous |ayer 12. |nstead of

i ncreasing the 25 current, the anodizing liquid may be replaced to form
t he second porous layer 12 by the anodi zation under the samne

current. Show %ﬁefﬁgaszghognpbﬂ EEQOugB a non- porous

sem conduct or IayerhT§ i 851 3 porous laye 11, and the

. thge@9803858%5¥5QQ&EQnggcﬁgrformed baygpelﬁokéugaﬁs ggsul ati ng,

i f necessary , as shown 1n Fi a support Substrate 17

having a second Sybal kakeshérapd Bearthagnaa bB%léh%t kBAi conduckayer 15
thereon and a sUbstrate 16 having the first substrate 10 bearing the

above-descri bedykayeBs itlmadd, insulatldgar e fbhedelkairgt.o cl ose contact with
each other at 10 roomtenperature, and the substrates are bonded to

each 5 ot her Theanodisc shord Ag, Figes2dr, e aapplppoatti sapshkeatte 17
treatnment or a conbination thereof. Thus the second substrate

14 and the nokaydngus second seistordectldr angdy deardngr @rf iinglyagdnged vi a

the 15 |nsulat|n% | ayer 15. The |nsulat|n% | ayer 15 is forned
layer 15 thereon and a substrate 16 having the first

substrate 10 bearing the above-described layers 11, 12,
13 are brought into close contact with each other at

10 room temperature, and the substrates are bonded to each
other by anodic bonding, pressure application, heat
treatment or a combination thereof.

Thus the second substrate 14 and the non-porous

semiconductor layer 13 are firmly bonded via the

15 insulating layer 15. The insulating layer 15 is formed
on at least either of the non-porous semiconductor
layer 13 and the second substrate 14. Otherwise the

bonding may be made with three members, including an

insulating thin plate.
20 Then the bonded members are separated into a
substrate 18 and a substrate 19 at the porous Si layer
12 as shown in Fig. 2D. The substrate 19 is composed
of the first porous layer 11, the non-porous
semiconductor layer 13, the insulating 1éyer 15 and the
25 substrate 14.
Then the porous layer 11 is selectively removed.

The porous layer 1l alone is etched off by electroless



on at |least either of the non-porous sem conduct or | ayer 13 and the

second substrate 14. O herw se the bondi ng may be nmade with three
menbers, including an insulating thin plate. 20 , Then t he
bonded nenbers are separated into a -- substrate 18 and a substrate 19
at the porous Si |ayer 12 as sFofR Tn Fig. 2D. The substrate 19 is
conposed of the first porous |ayer 11, the non-porous

sem conductor |ayer 13, the insulating |layer 15 and the 25 substrate
14. Then the porous layer 11 is selectively renoved. The

porous |ayer ybk @lHnf dad @iteP8AgOkhi thY a®l ¢ehk?! 888 of an ordinary

- 29 - wet chem cal etching with at | east one of an ordinary
Si etching s@iutdthiny Foafltien, C hadrd fiiceid Bicid whishl aetive etching
liquid for porous Si, a mxture of hydrof luoric acid and at | east

ei ther of al celleictang dtchinggudems dhyfdirogerouer &, da sdlkturen ofbuf f er ed
hydrofl uoric acid and a m xture of buffered hydr of l uoric acid and at

| east either pfdmffolmticaretid and adquédess thyedridgen giedcoielsa@ngt | on,

t hereby | eavi ng and form ng the non-porous sem conductor |ayer 13 10
transferyed Gausaus hwdndasd medagide Bolutiipn, 2Buffered O her wi se
there may be conducted sel ective polishing to renove the porous

layer 11, uti¥HHGUeic acid apgh st Cefic FFGHA | ayer 13 as the
pol i shi ng hydr§¥f¥g¥¥d acid and at least either of alcohol and

aqueous hydrogen peroxide solution, thereby leaving and
forming the non-porous semiconductor layer 13
10 transferred onto the insulating layer 15 (Fig. 2E).
Otherwise there may be conducted selective
polishing to remove the porous layer 11, utilizing the
non-porous semiconductor layer 13 as the polishing
stopper.

15 Fig. 2E shows the semiconductor substrate obtained
by the present invention, wherein, on the substrate 14
with an insulating surface, the non-porous
semiconductor layer 13 is formed as a flat and uniform
thin layer, with few crystal defects.

20 Figs. 3A to 3E show a variation of the
semiconductor substrate producing process shown in
Figs. 2A to 2E, employing a light-transmissive
insulating substrate as the second substrate. The
steps shown in Figs. 3A and 3B are the same as those

25 shown in Figs. 2A and 2B.

Then, as shown in Fig. 3C, a light-transmissive

insulating substrate 24 represented by quartz or glass



15 Fig. 2E shows the sem conductor substrate obtained by the
‘present invention, wherein, on the substrate 14 with an insul ating
surface, the non-porous sem conductor layer 13 is fornmed as a flat
and uni form thin layer, with few crystal defects. 20 Fi gs.
3A to 3E show a variation of the = 3%ehi conduct or substrate .produci ng
process shown in Figs. 2Ato 2E, enploying a light-transm ssive

i nsul ating substrate as the second substrate. The steps shown-in
Figs. 3A and 3B are the sane as those 25 shown in Figs. 2A and 2B.

Then, as showRal B Fi@st3Cupdtrh@hl 26" 8RaMbEsLYRt into c1BEYl @bhRactubstrate

24 represented by quartz or glass

30 - wighdedch b¥hefURS! kaba 26mpeeakiuedghhandnitheC lsRpe tearkbact
wi th each other at roomtenperature, and the substrates are nutually
bonded t o eaaleomhenahyyabotidedoandieagh other pieaniodd cappndiag,on, heat
treatnent or a conbination 5 thereof. Thus the light-transm ssive
i nsul ati ng presssuesappidcationd hleatndrepdmens semac aoibdhartioayer 13
are firnly bonded to each other via the insulating | ayer 15. The
i nsul at Bng | Apereds .i s Thayssmddhepd ight-transhdgsivel timsulgftinge non- por ous
sem conductor |ayer 13 10 and the light-transm ssive insulating
substrate 24substrategfemfiddheh@PFoRPnaySmBEIEEERe it Havered nenber s,
i ncluding an insulating thin plate. . Then, as shown in Fig. 3D
the bonded néffers™ bonde‘ia%pfraﬁbe@thﬂrov&asm ARRIFE DY a substrate
29. On layer 15. The insulating layer 15 is formed on at
least either of the non-porous semiconductor layer 13
10 and the light-transmissive insulating substrate 24.
Otherwise the bonding may be made with three members,
including an insulating thin plate.
Then, as shown in Fig. 3D, the bonded members are
separated into a substrate 28 and a substrate 29. On
15 the light-transmissive insulating substrate 24 there is
formed a multi-layered structure consisting of the
first porous layer 11, the non-porous semiconductor
layer 13 and the insulating layer 15.
Then the porous layer 11 is selectively removed.
20 The porous layer 11 alone is etched off by electroless
wet chemical etching with at least one of ordinary Si
etching liquid, Hydrofluoric acid which is selective
etching liquid for porous Si, a mixture of hydrofluoric
acid and at least either of alcohol and aqueous
25 hydrogen peroxide solution, buffered hydrofluoric acid,

and a mixture of buffered hydrofluoric acid and at

least either of alcohol and aqueous hydrogen peroxide



15 the light-transmissive insulating substrate 24 there is f or med
a nulti-layered structure consisting of the first porous |ayer 11,

t he non- porous sem conduct or “layer 13 and the insulating |ayer 15.
Then the porous layer 11 is selectivelysjenoved. 20 The porous |ayer 11
alone is etched off by electroless wet chem cal etching with at

| east one of ordinary Si etching liquid, hydrofluoric acid which is
sel ective etching liquid for porous Si, a m xture of hydrofluoric
acid and at | east either of al cohol and aqueous 25 hydr ogen per oxi de
sol ution, buf$ehedidydrdi¢rsby clexvihg and fommithg thetnore-pdrdud f er ed

hydr of l uoric acid and at | east either of al cohol and aqueous
hydr ogen per ok¢meconductor layer 13 on the light-transmissive -

solution, thereby |eaving and fornmng the non-porous sem conduct or
| ayer 13 on tHeSPl@hing rapReFsateeld- Begaaze £F nfP ufRTY a3 P2, Because
of the very ace area of the $orous nenber gs descri bed

|
above. 5  SYLERCHRLSH| O { e PULPITIISTRET AT L Sor biRS DT
| d_t | th - ith th di
O chi o oul 5BVEs ' DS BI B RUSTEIRE o £Y Redh Lond Woropa mEpaR v o
| i shi t h LLizi h 0. -
o condact o SfLDveng 1o PPeRYS LAY Sorpotbls! ALl ver Guitn " POLONS

shows the sem,£@PEyel 0L+SHPRET 2GRt @i ned by the present invention,
wherein, on the surface of

Otherwise there may be conducted selective

polishing to remove the porous layer 11, utilizing the
10 non-porous semiconductor layer 13 as the polishing
stopper.

Fig. 3E shows the semiconductor substrate obtained
by the present invention, wherein, on the surface of
the light-transmissive insulating substrate 24, the

15 non-porous semiconductor layer 13 is formed as a flat
and uniform thin layer with a large area, over the
entire region of the substrate. |

Then, for the purpose of recycling, or reusing,
the first substrate 10 is subjected to removal of the

20 remaining porous layer 12 and, if the surface flatness
is unacceptably coarse, additionally to the surface
flattening treatment, and is used again as the first
substrate 10.

Figs. 4A to 4E show a process of forming a porous

25 layer and a non-porous semiconductor layer on each
surface of a substrate and bonding three substrates.

At first, as shown in Fig. 4A, a first substrate



the light-transnissive insulating substrate 24, the 15 non- por ous

"sem conductor layer 13 is forned as a flat and uniformthin | ayer
with a large area, over the entire region of the substrate.

Then, for the purpose of recycling, oL Bgusing, the first substrate
10 i s subjected to renoval -of the 20 remai ni ng porous |layer 12 and, if
the surface fl atness i s unacceptably coarse, additionally to the
surface flattening treatnment, and is used again as the first
substrate 10. Figs. 4A to 4E show a process of form ng a porous
25 | ayer &l iss rprepgsoreslys agelyi donduet curdfmeer portdagts on the surface of
a substrate and bondi ng three substrates. At first, as shown.in
Fig. 4A a f ibath ssuefacps, there are formed two-layer-structure - 32 -

30 is prepared, and, in the surface portions on the bot h surfaces,
there are forRRFEPYSICSEYES FONRASg of twpyrlarkeTeglons3Z i st3.ng of two
| ayers 31, 32 and_33, 34 of different porosities, respectively and
there are. 5 34 Gt CHEReTR TaRPTRAL TS DS SRR 0] G BFe 3o

on the first porous layvers.31, 32 (see Fig. 4B). The dization is
SO conduéct ed f %&?ﬂeP¥W%? %%?Bpuosz(ous serl?la%/%l}%su%ﬁ?r 3]3ﬁ }Fl%l;/sea%o’po osity less

t han 30% whi | Lé@%%irstsﬁ@&%%&zs’lﬁer 3(23e§ | .T/e%% porgsity not

| ess 10 t ha as’ shown 1 n two second

substrates  anodiRPcid? 880sdNSodddsted UBSIE atie 301 ARV pardie

non- por ous sem conductor layers 35, 36 are brought into
layers 31, 33 have a porosity less than 30% while the

second porous layers 32, 34 have a porosity not less
10 than 30%.
Thus, as shown in Fig. 4C, two second substrates
39, 40 and the first substrate 30 having the
non-porous semiconductor layers 35, 36 are brought into
close contact with each other at room temperature
15 respectively via insulating layers 36, 37, and the
substrates are mutually bonded to each other by anodic

bonding, pressure application, heat treatment or a
combination thereof.
Thus the substrates 39, 40 and the non-porous
20 semiconductor layers 35, 36 are firmly bonded via the
insulating layers 37, 38. The insulating layers 37, 38
are formed on at least either of the non-porous
semiconductor layers 35, 36 and the substrates 39, 40.
Otherwise separate insulating thin plates are prepared
25 as the layers 35, 36 and inserted between the
substrates to achieve the bonding wit five members.

Then the bonded members are separated into three



cl ose contact with each other at roomtenperature 15 respectively via

I nsulating |ayers 36, 37, and the substrates are nutually bonded to
each ot her by anodic bondi ng, pressure application, heat treatnent
or a conbi nati on t hereof. - 33 - Thus the substrates 39, 40 and
the non-porous 20 A sem conductor layers 35, 36 are firmly bonded via the
I nsulating |ayers 37, 38. The insulating |ayers 37, 38 are formed on
at | east either of the non-porous sem conduct or | ayers 35, 36-and

t he substrates 39, 40. O herwi se separate .insulating thin plates are
prepared 25membegsst KO,| dier 4235se86Fagd “DIer wbedrbénweepht € the
substrates to achieve the bonding wit five nenbers. Then t he
bonded nenbesybstzatesadqt e40i has ehsgacked structure consisting of

- 33 - menbers 40, 41, 42 (see Fig. 4D), wherein each of the
substrat es 3%he4@orgY sy LaveEkedhSt POBCRPECHSN SEILFRGIYFtoTr 1ayPRe por ous

| ayer, the non-porous seni cqonductor | ayer and the insulating | ayer.

5 Théﬁdtﬁ&ep&P§H§aF&?€r§?§fF'33 are selectively renoved by
o 131150 or et cPigl WL oery 10" AU RTAUYGET Lovers
the sem condyetof, HUhS) ?S%ﬁ%hi%%s °§9%%i%§ﬂe%e&%% eIeNt 1 nvention,

wherein, on the strat on- por ous sem conduct or

| ayers nodrpordud SditldfitdN8 a3AF BWITE 7S drledl 3 oNithy M
thin layers. The internediate insulating | ayers 37, 38
substrates 39, 40.

Fig. 4E shows the semiconductor substrates

10 obtained by the present invention, wherein, on the
substrates 39, 40, the non-porous semiconductor layers
35, 36 are formed at the same time as flat and uniform
thin layers. The intermediate insulating layers 37, 38
may be omitted, and the substrates 39, 40 need not be

15 of the same material.

Then, for the purpose of recycling or reusing, the
first substrate 30 is subjected to removal of the
remaining porous layer or to the surface flattening
treatment, and is used again.

20 In the following there will be explained, of the
methods for forming the porous region applicable in the
present invention, the process based on anodization.

The porosity of the porous layer can be varied in
the direction of thickness for example by a change in

25 the anodizing current in the course of anodization for
forming the porous layer, or by a change in the

concentration of the anodizing liquid. The porosity



may be omtted, and the substrates 39, 40 need not be 15 of the sane
mat eri al . Then, for the purpose of recycling or reusing, the
first substrate 30 is subjected to renoval of the remai ni ng porous

| ayer or to the surface flattening - 34 treatnent, and is used again. 20
In the following there will be explained, of the met hods for formng
t he porous region applicable in the present invention, the process
based on anodi zation. - The porosity of the porous |ayer can be
varied in . the direction of thickness for exanple by a change in 25
t he anodi zi ng@ndurthentpone tsigec odr $beoboznudi 2aviesnchor be varieflobgi ng t he
porous | ayer, or by a change in the concentration of the anodi zing

| iquid. The gopgﬁqu in the concentration of an anodizing ligg4d.

and the pore size of the porous |ayer can be varied by . a change in
the concent r &0 &F &F diodita RGOAIGIRE currentsi R§ MESGLOSRIYt BB anodi zi ng

current, as djsclos | n S D- NCE AND_TECHNOLOGY, Jour na
of e B e AT SSTENGE, ANoPECRNPLORY. Joushato8 | The

conposi td on the anodi.zing digquid be anged for exagpl e by the
subsequ nt_aggd‘le[cl &ocg}ew(ﬁlo#o&%gtg,g%&. 1%Q, glr%'wagt’erp.‘ Ig,|93r4a! &%ﬁers _
different in o%‘?r[pflbgéité’iogfrbé?ecne anodi ¥R 1 fQfi £ s @ﬁal%tgefd 3&%& form ng

a porous | ayer _ a | ow porosity th an anodi zi ng '1"qui d of a high
HE conGaid I8P tHd it adRAAGh | 8y oA @R acia
porosity by replacing the anodizing liquid wi th another one of a

| ower HF concahtwatd®oN. FOWRVENarGE difFferieht in porosity can be

formed, for example by at first forming a porous layer

10 of a low porosity with an anodizing liquid of a high HF
concentration, then forming a porous layer of a high
porosity by replacing the anodizing liquid with another
one of a lower HF concentration. However, according to
the investigation of the present inventors, such

15 method, if applied to the separation of the bonded
substrates for production of a semiconductor substrate,
may result in a more complex phenomenon as will be
explained later. Thus the conventional method, if
simply followed, can only provide a very limited

20 effect. For example; a mere increase in the anodizing
current does not provide a corresponding increase in
the porosity but may result in an increased anodizing
rate with a limited increase in the porosity. In order
to obtain the structure according to the present

25 invention, there can be employed the following process
for obtaining the porous layer at a low cost.

The simplest method in practice is of changing the



the investigation of the present inventors, such 15 met hod, if applied

to the separation of the bonded substrates for production of a

sem conduct or substrate, - may result in a nore conpl ex phenonenon as
wll be expl ained | ater. Thus 4+ & cenventional nethod, if

simply followed, can only provide a very limted 20 effect. For
exanple, a nere increase in the anodi zi ng current does not provide a
correspondi ng i ncrease in the porosity but may result in an

I ncreased anodi zi ng rate with a limted increase in the porosity. In-
or der apgdgpiagncukEestr ethePutacharapngnt sheheoppesénton2gt

i nvention, there can_be e oned the foll owi ng process for obtaining

the porous | 5)8r2RPd3zipg cdghid. Various c?%8°§ﬁﬁﬁP8§tcﬁEtH8d in practice
i's of changi
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anodi zi ng cugﬁgiPYﬁFtﬁSﬁttéﬁaﬁﬂgd?ﬁlpﬁel&SHﬁSSitFSH gramplS o anodi zi ng
liquid. Vari 83%1%?%%857&' 9Q§u§_%g Qgpobe obt %,S)éeg,lftglr h%E?o?ﬁ!B L2Lng

liquid. For exa i'sfactory resu can ained Wwth

hydr of | gori Cac§d cofth rﬁa tﬁwaﬂgaﬁﬁuknge@% %9&%&%&1'&)59&@" uoric

acid further added wt The anodi zation 1 s conducted in

such an anodizhilg flu'J:Q:%b;d,: aaa@dp%%s aPtohol. THe! BnRAEGSHE YN0 s20 to 30%
can be forned with a anodi zing current density of 0.5-1.0 AlcnR

using an Si cbaductwb&hr guehdant Baocanedeg 1ik@ild) ekdepsrolust Be porous Si
can be arbitrarily sel ected dependi ng on the anodi zi ng tinme, and

such a porouwiSh payesidly @fr @latiovalog lcan be formedr edithy al ®Cadequate for
epitaxially grow ng thereon
anodizing current density of 0.5-1.0 A/cm? using an Si
10 substrate as the anode. The thickness of the porous Si
can be arbitrarily selected depending on the anodizing
time, and such a porous Si layer of a relatively low
porosity is adequate for epitaxially growing thereon
single-crystal S§i. After the formation of the porous
15 layer of such a relatively low porosity, the current is
increased to form a porous layer of a higher porosity.
Fig. 5 shows an example of the mode of current
variation. When the first porous layer has a porosity
of about 20% and a thickness of about 10 pm, the second
20 porous layer with a porosity of about 30 to 60% can be
formed under the first porous layer, by setting the
anodizing current to 2 to 3 times of that for forming
the first porous layer.
Based on the intensive investigation, the present
25 inventors have found that the porosity of the second
porous layer is dependent not only on the magnitude of

the anodizing current but also on the thickness and



single-crystal Si. After the formation of the porous 15 | ayer of such a
relatively |l ow porosity, the current is. I ncreased to forma porous

| ayer of a higher porosity. Fig. 5 shows an exanpl e of the node of
current vari ation. When the firsB86perous |ayer has a porosity

of about 20% and a thickness of about 10 [err]m the second 20  porous

| ayer with a porosity of about 30 to 60% can be formed under the
first porous |ayer, by setting the anodi zing current to 2 to 3 timnmes
of that for formn the first porous |ayer. : Based on the
i nt ensi ve i nPOFASIAE OF Hige firsdemerons lavpgyenEyPy WRGE f88nd that the

porosity of the second porous | ayer is dependent not, only on the
magni t ude of @nedizing, CurTeRt, tof &%‘rer«?y OBg: PRF: b‘soﬁraﬁ’l‘?ér 15 SRved® and

- 36 - orosity of the fdrst porqus.laver. Even when th
anodi zi ng curbreer#ef ot eassé:cc?ﬁcd f|5°c?r c?t?% Iff'i)ff/cgrt PSS’ ;i%Ye ! lfbé:%fahe sane

as that for tdie i it ol AUy dia¥ele o NdbfiRe chickbldsd! ROTQUR. aver has a

| arger thickness o porosity,” the porosity of the second porous

layer tends porosiltd PRGURIYHIRY JORIRAWRINING dﬁrotu@e 1yt HRQaUS

| ayer is made thinner, the anodizing current for the second porous
| ayer has to #e vedtmditgitfierd N @Wditdeduently, iFRitHeaiflrsthipdiduer 0sity
| evel therein. This 10 relationship is showmn in Fig. 6. |If the

anodi zi ng layercurs amddd ofhirireersecidred arardins rigayerrrentreiont aiheed
constant, the porosity of the second porous |layer is

second porous layer has to be made higher in order to
maintain a high porosity level therein. This

10 relationship is shown in Fig. 6. If the anodizing
current for the second porous layer is maintained
constant, the porosity of the second porous layer is
affected by the change in the thickness of the first
porous layer. This relationship is shown in Fig. 7.

15 It will be evident that the formation of the second
porous layer after the formation of the first porous
layer cannot be independent therefrom but the porosity
of the second porous layer is affected by the
characteristics of the first porous layer. The

20 detailed mechanism of such phenomenon is not yet fully
clarified. However, as will be explained later, the
formation of the porous Si is considered to require F-
ions in the anodizing liquid, and, as F~ ions are
consumed in a pore forming portion at the front end of

25 a pore, new F° ions have to be transported through the
pore and supplied to such front end portion. The

effective mobility of F~ ions by transportation through



affected by . the change in the thickness of the first porous | ayer
This relationship is showmn in Fig. 7. 15 It will be evident that the
formati on of the second porous | ayer after the formation of the
first porous | ayer cannot be indgpendent therefrombut the porosity
of the second porous |ayer is affected by the characterlstlcs of the
first porous layer. The 20 det ai |l ed nechani sm of such phenonenon is not
yet fully clarified. However, as will be explained |ater, the-
formati on of the porous Si is considered to require Flerr] ions in

t he anodi zi n§hei goire, banan &éeFF§i¢]fi§h§ Qreby diffugdrsuded in a pore
formng portion at the front end of pore, new Flerr] ions have to
be transport E@NERAETER {tRe depend OBOFEeaHGr§u§5FPe@ftGh§u§ﬁrﬁﬁont end

portion. The effective nDblllt of Fgerr] I ons b¥ transportation
t hr ough porous layer or the lengt of p re,B?amely the pore by an

I ic field. by diff id d d h
i 6 of the frygknebsoe %ﬁéﬁ%lrs;epoapuﬁh %ws%?h SR o nanely the
thlckneﬁs of EQ%eF%5?hﬁp 39%§ &Q%%rpg§ r 16@ @@yﬂéﬁ b&he first

porous [ayer 1t$ no n1ts the 1 on

transPOftat'%&dﬁ%ﬂ&ﬂ!ﬁ%'ﬂlmlts thbhﬁoBQ&E%HéE&fﬂhﬁ&o%P §ldlg RQY ous
| ayer. Consequently, the formed first porous |ayer Tfunctions as

a |ayer for lind tdormadthiereidreat isudsipidnit poroushaaplear.r] 10 ion
transportation required for the subsequent porous | ayer formation.

Under a constCaiisefjuetitZiyng thig rfatimed first grcanodisiain dunotdeesds to a
consi der abl e t hi ckness

as a layer for limiting the effective mobility of the F~

10 ion transportation required for the subsequent porous
layer formation. Under a constant anodizing current,
the anodization proceeds to a considerable thickness
without a significant change in the porosity. This is
presumably because, under a constant current, the pores

15 are formed with a size determined by the balance of
consumption and supply of F~ ions but, if the current is
increased in the course of anodization, the balance of
consumption and supply of F~ ions is changed by the
presence of an already formed porous layer, thereby

20 resulting in a significant change in the pore size.

When the first porous layer becomes thicker to

reduce the effective mobility of F~ ions transported
therein, there is a possibility that the F~ ion
concentration at the front end of the pore may become

25 lower to expand an ion depletion layer in the anodizing
liguid in the pore, whereby the portion may spread in

which the potential barrier at the interface between



W thout a significant change in the porosity. This is presunmabl y
because, under a constant current, the pores 15 are formed with a size
determ ned by the bal ance of consunption and supply of F[err] ions
but, if the current is i ncreasedggn_the course of anodization, the
bal ance of consunption and supply of F[err] ions is changed by the
presence of an already fornmed porous |ayer, thereby 20 resulting in a
significant change in the pore size. When the first porous

| ayer becomes thicker to reduce the effective nobility of F[err]

I ons transporthed anodizindhdriejuid tangk ehes singissidrudatal SHatsudfadg err] ion
concentration at the front end of the pore nay becone 25 | oner to
expand an i orindeiieetpare |kagomd dlavwer artdwicdby inducing jefighdnan athe pore,
whereby the portion may spread in whi ch the potential barrier at the
i nterface betSdeei such a portion to increase the pore sizegg .In t he

anodi zing liquid and the single crystal Si surface in fhe pore becone
| over, ther ebfPFhd R iTRF2IEMIIRPSS 10 the §nodizing, SPIFERY 3PS A9%cr ease

t he por & size. In nere increase .in the anodi.zing current does
5

,
not caf$¥SE 7 g?l’_rqr?’?grﬁar%ﬁc’r%eeasﬁ Jt’hetrbeor%%ﬁ‘ﬁ/l _ tl?m_j i nduces an
I ncrease in tﬂg é)gl n]gné@égsém;cﬁs&ea anc%c?iyZJ. I#l%éf%%rdé%gé ng layer is

present on the S~ surface. nsequen obtaln a

significant GRAAGE:ty 1imlQildeLRAUOSIL Yo llsdlk | ST RIS S NedaddOdi 2i Ng
10 current, there is requited a | ayer capable of limting t he

mobi ity of Fiehsdqhonelpet IResrade hasheii & i Stisi#kbnt changdie | ayer
of which porosity Is to be increased. The
in the porosity by an increase in the anodizing

10 current, there is required a layer capable of limifing
the mobility of F~ ions between the anodizing liquid and
the layer of which porosity is to be increased. The
present invention is featured also by making the most
of the above-described mechanism of anodization,

15 utilizing the initially formed first porous layer for
attaining increase of the porosity of the second porous
layer. In order to increase the porosity of the second
porous layer, the first porous layer is required to
have a certain thickness, and a high-porosity second

20 porous layer can be easily formed when the first porous
layer is 5 ym or more in thickness.

As the first porous layer has such function, the
control of the thickness thereof is important for the
porosity control of the second porous layer. For

25 example the in-plane-uniformity of the first porous
layer has to be secured sufficiently, since otherwise

the porosity of the second porous layer fluctuates in



present invention is featured al so by nmaking the nost of the
above-descri bed nechani sm of anodi zation, 15 utilizing the initially
formed first porous |ayer for attaining increase of the porosity of
t he second porous | ayer. In ordeggto increase the porosity of the
second porous |ayer, the first porous layer is required to

have a certain thickness, and a high-porosity second 20 por ous | ayer
can be easily formed when the first porous | ayer is 5 pmor mere in
t hi ckness. As the first porous |ayer has such function, the
control of théap@ickBbesprasence Of inpplenatfivetufgion of tb@rosﬂy
control of the second porous |ayer. For 25 exanpl e the

i n- pl ane- un|P@Fﬁﬁ%?yopftﬁéefFP§PnﬁoP6E§us 1aYerI5?§Plﬁ§slPolB€a§ecured

sufficiently, since otherw t he RoL Slté t he secoT gorous
| ayer f|UCtU£%B§tPﬁtlon of the strength o cond porougglayer

pl ane. The presen ane-fluctuat.i §S|ty of the

Celﬁ @ s %.OE of ? off
second porou? FRyER @é&ﬁ? 1P FBcql PRETE4 PRE &§9|8£ of tﬁ estren_gth of
the Sec%”d PRLAUR %%?Bus 1a ereﬁﬁnkp%eEXuEEQdBQQt@%e%g@fagtgk peeling of f

of the Second porous course of

product!on p?ggaggtqrgb§ﬁ~ caklsy o n%OHBbghﬁgsgﬁéPﬁbu%%e separéklbhe

separation step, wher he pro uctlon yi SO wafer is

| owered. The aftl yglelaldpaFatiloh Rtkipe whereb?UQ%br%&%dﬂb%&%d Jikhiackress of

the first porous |ayer 10 has to be 3 or |ess, preferably 25% or
| ess. the sothemfidie ildhilokeesd.of Thiee fivcHuaidon wiltyer the

made significantly less than 5 [err]m in particul ar not
substrate plane in thickness of the first porous layer
10 has to be 35% or less, preferably 25% or less.

When the thickness of the first porous layer is
made significantly less than 5 pm, in particular not
more than 3 um, the increase in porosity becomes
progressively difficult since the effect of the

15 mobility limiting layer described above is reduced. As
shown in Fig. 6, as the first porous layer becomes
thinner, the anodizing current for the second porous
layer has to be increased infinitely. Such increase in
the current is naturally not impossible, but involves

20 certain sacrifices such as an increase in the required
power supply capacity, a resulting lowering in the
precision of current control and a decrease in the
precision of current measurement. Also an increased
current leads to a higher anodizing rate, with possible

25 lowering in the precision in the thickness control of

the second porous layer. In such a case, all the

requirements need not be satisfied by the current



more than 3 pm the increase in porosity becones progressively
difficult since the effect of the 15 mobility limting | ayer descri bed

above is reduced. As shown in Fig. 6, as the first porous |ayer
becones t hi nner, the anodizing-cuMJeﬂt for the second porous

| ayer has to be i ncr eased infinitely. Such increase in ~the current
I's naturally not inpossible, but involves 20 certain sacrifices such as
an increase in the required power supply capacity, a resulting.
lowering in t 3 tro reC|§Eﬁn of éLﬁ ent control and, a decrease in the
precision of CUPFERt PBLEur Y \g c??ﬁ?%EE%EFon in therrent |eads to

a hi gher anOdéﬁbﬁﬂziﬁé %1&&1@ BOSSEDLE) 1 €9¢e A8 %%Q%?Se|%ge preC|S|on in

t he t hickness contro t he"second porous CH OR case,

all the coﬁé&Htf@HEBﬁSa{?eﬂqe n@i-oﬁle é&g <§£' £ds b O%Qe CELT £l

- 40 - control only. | ower ed HF concent ron 1'n

anodi zi ng | i qebemasNohask! that Eli-!;l@ HEE6€8SLaPbr FA8T E1rdPN the
concentration at the front end of the pore. I'n the formati on of the
first poSous bbgee-méntioséd mbpilbty lahovengensiyenedsnebility linmiting

| ayer is still absent, so that sufficiently reducing the anodi zing
current can s@bsestensbytbappbyffheienhbynedd&teng] thenanodizing even if
the HF concentration is lowered by a certain extent, and 't he
porosity ther€prbFenscanrbesyffhcientdy. supply tkercemsmped, Feviemsshen the HF
concentration is | owered to about HF : Cerr]Herr]OH: Herr]O=1

: 1 : 4, the B¥PBsifythantiF concepbrabppreiselioweradoby aoeprtathe
anodi zi ng Curéggenk and the porosity therefore scarcely increases.
10 For example, even when the HF concentration is lowered
to about HF : C,HOH : HO = 1 : 1 : 4, the porosity can
be suppressed at about 20% if the anodizing current is
limited to about 1 mA/cm? or less. After the formation
of the first porous layer, the above-mentioned mobility
15 limiting layer is already present, so that the
deficiency in F~ ions can be created at the front end of
the pore even with a limited increase of the anodizing
current, whereby the porosity can be increased. Thus,
even after the formation of the above-described first
20 porous layer of a thickness of 3 pm, there can be
formed the second porous layer with a porosity as high
as 30-60% by a mere increase of the anodizing current
to about 5 mA/cm?. On the other hand, if the HF
concentration in the anodizing liquid is higher and is
25 aboﬁt HF : CH OH : H,0O = 1 : 1 : 1, there is required a
current of about 10 mA/cm? or higher in order to elevate

the porosity of the second porous layer to 30-60%.



limted to about 1 mA/cnferr] or less. After the formation | of the
first porous |ayer, the above-nentioned nmobility 15 limting | ayer is
al ready present, so that the deficiency.-in F[err] ions can be
created at the front end of the pgre even with a limted increase of
t he anodi zi ng current, whereby the porosity can be increased. Thus,
“even after the formation of the above-described first 20 porous | ayer
of a thickness of 3 [err]m there can be formed the second poreus

| ayer with a porosity as high ~as 30-60% by a nere increase of the

anodi zi ng current on the ¢th&Pdn®d, N cedss rdf £drmiwgosher hand, if the
HF concentration in the anodizing liquid is higher and is 25
about HF : Cews]HhesrédOstrifearé @£ the invedted herders namelyed a
current of about 10 mA/cnferr] or higher in order to el evate t he
porosity of té&ersetond porenschayee firs$d-pogeus layer has higher

-41- On the other hand, in case of formng a

two- | ayer ed speuesity thanhthphveft sleosgepndnagepysalayer. Eheucture in

whi ch the first porous |ayer has_hjgher, ... porosity than that of the
second péroustFapEpPortREioy of Fra’lﬂb?_)rltsatq’o%f’;ﬁuﬁ e‘f%/]b‘? 3’_?1‘5“‘{]95""96?ffi cul t
Loyer, " ®Bacatge Be e BLBPy BOFORREY] BFoEpoFobetl BPUEaRROPtS pe
bor ous | ayor | SRA RS, tPer PPAgSLEYoRY thE"H1E Yk, BBlpus 1ayk®) cbfor! [BL
above describgd EREHAUIThy merely invel?2hEf ¢he ahBai338gClulreerikng plural

porous | ayers

for the first porous layer and that for the second

10 porous layer in view of the above described mechanism.

Therefore, in case of forming plural porous layers

different in porosity, there can also be adopted the
method of varying the composition of the anodizing
liquid for each layer. In case of successively forming

15 a first porous layer of a low porosity with a thickness
less than 5 ym and a second porous layer of a higher
porosity by a change in the anodizing current only, it
is necessary, as explained in the foregoing, to adopt a
relatively large anodizing current for the second

20 porous layer. It is nevertheless possible to form a
second porous layer with a porosity of 30 to 60% or
even higher without an extreme increase in the
anodizing current by at first forming the first porous
layer in an anodizing bath with a high HF

25 concentration, then interrupting the anodization,
taking out the substrate from the anodizing liquid,

replacing the anodizing liquid in the tank with another



di fferent

hi gher

IS necessary,

nevert hel ess
of 30 to 60%
anodi zi ng cur
anodi zi ng bat
anodi zat i on,

repl aci ng the ano
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the substrate into the ano

in porosity,

conce

there can al so be adopted the
varyi ng the conposition of the anodi zi ng
case of successively formng 15
with a thickness

met hod of
liquid for each layer. In

a first porous layer of a |ow porosity
| ess than 5 pm d@d-a second porous |ayer of a

porosity by a change in the anodizing current only, it

as explained in the foregoing,
| arge anodi zing current for the second 20

{ﬁ§§§§§§§ti§éﬁyéﬂ{}ﬁg iAo B §P
t t_first formng the first. po. | i
H9% eialiag faee 358 hadiBind JodRL G tnsdert B ng 1t he

i ] -f - d . | h d1
st 690 8, S iR o 2170 1
133:{ oM Hn

angdi zl 0g %ﬁ@&g&q&é&t

i zing T qui

to adopt a relatively

porous layer. It is
second porous |ayer with a porosity
AT A 1T SAMSTS ihe

datdon, inmersing
F

of the [-ow concentration

and ef festi non@Retbréd | Move, the substidid asdy e AMEUHLREOrdove

interrupted as 5

renove

[ Exanpl e 1]

10

15

20

25

nmenti oned above,

the substrate may be cleaned to

thd eand@ili Zhdi 01 1 dreild d$keinoist 1nd gtHdmE w0 oo rmagpybd airiddd
during such interruption.

descri bed i n duwréng such tetertupyideme fol | ow ng exanples thereof. 10

A 5" dianeter p-type S

The present

invention will be

waf er having a thickness

The present invention will be described in more

detail by the following examples thereof.

[Example 1]

A 5" diameter p-type Si wafer having a thickness

of 625 pym and a specific resistivity of 0.01 Qcm was

prepared as the first substrate.

1t was subjected to

anodization in an HF solution under the following

conditions, whereby obtained was a two-layered porous

Si region consisting of two layers 11,

different in porosity:
Current density:
Anodizing solution:
Time:
Porous Si thickness:
Porosity:

then;
Current density:
Anodizing solution:
Time:

Porous Si thickness:

12 which were

7 mA/cm?
HF : H,0 :C,H;OH =1 : 1 : 1
11l minutes

10 um

15%

25 mA/cm?
HF : HO : CBHOH = 1 : 3 : 2
20 seconds

200 nm



of 625 [err]h1and a speéific resistivity of 0.01 [err]cm was

prepared as the first substrate. It was subjected to anodi zation in
an HF solution under the following 15 condi tions, whereby obtained was
a two-| ayered porous Si region-ca®s+sting of two layers 11, 12 which
wer e different in porosity: Current density: 7
mMcMeH] Anodi zing solution: HF : Herr]O:(err]Herr]OH =
1:1: 1 20 Ti me: 11 m nutes Por ous
Si thickness: 10 pm i Por05|t 15% t hen;
Current density: °r°§5tﬁﬁlcn{err] 2 Anod|2|ng solution: HF :
Herr]O: (err]H err = 20
seconds lSPéPoU§f§F Pﬁi Wﬁ§§3032@5%%9 for 1 hour at

43 Por osi Thi,s _Si; waf er was

then oxi di ze§9PSF fnhgﬁgggP'%tmOSpﬁﬁﬁférWrﬁré#yb§§5%ﬁigFﬁggﬁhéﬁﬂj'mhereby
the internal yQldaces ar S BRERLOM A REP YLD LNGRU Ui, Hlegrer & cover ed
5 el sThen a S|ngle cryst

with a ther oxl de | ayer was

epi taxi %' ! yt S W%ﬁ\élhloeé&ra%ssfﬂfm 0. 2l 'd Mingle-cedMDon the

por ous y formng a non-porous si ngl e- crystal Si | ayer on

the porous Sijay#idefad f&,epltamalﬂlpldz@eom&ﬁrpw Rh Gl dd ! 0 3 Qum
Source gas: Carrier gas:

by CVD on the porous Si, thereby forming a non—porous
single-crystal Si layer on the porous Si, under the

following growing conditions:

10 Source gas: SiH,
Carrier gas: H,
Temperature: 850°C
Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec
15 Then, on the epitaxial Si layer surface, there was

formed an S5i0O, layer of a thickness of 100 nm by thermal
oxidation.

Separately a Si wafer was prepared as the second
substrate and its surface was thermally oxidized.

20 The surface of the 8i0, layer of the first wafer
and the surface of a separately prepared second Si
wafer having formed an SiO, layer of a thickness of 500
nm thereon, were superposed, brought into contact with
each other and bonded to each other by heat treatment

25 for 2 hours at 700°C.

The porous layer was made to be exposed at the

edge surface of the wafers and the porous Si at the



Tenper at ur e: 850[err]C Pressure: 1.3 Pa

Growi ng rate: 3.3 nnlsec 15 Then, on the epitaxial -Si |ayer
surface, there was formed an Si Q2 | ayer of a thickness of 100 nm by

t her mal oxi dat i on. -Saparately a Si wafer was prepared as

t he second substrate and its surface was thermally oxidized. 20 |
The surface of the SiJQerr] layer of the first wafer and the surface
of a separately prepared second Si waf er having formed an SiGerr]

| ayer of a thickness of 500 nm t her eon, were superposed, brought

into contact &dgeh portion awsh ramesiedahy Foseataia egoundt By by heat

treatnent 25 for 2 hours at 700[err]C. The poraqus | ayer was
nmade to be exddERm Mk 2 Sharp‘&!’lgﬁ?dslﬂlfaéi?e PEeh 3¢ Faffé2STakd3d%e por ous

Si at the : portion

. - 44 -
ohs 1 emved BP% SIS SREFRLYy “hereby, iR MR R “PTe, SAPURIEE b at b
h ) i i.n, f
oo ated Y HléMestruct P dESEd B &1 dha L YRl erp were

separ at ed ayer and the 5

porous S Was,SXRRs ek gThereafter the porous Si |ayer was
sel ectively P ete%i%ew s\'/vi?}fg%sne HF/ H202/ H20 et chi ng sol ution, whereby the

porous Si | ayer waph&ruwf€dLl dhd GPERes Si layer was BEi&dwiidg, rate of the
non-porous Si single- 10 crystal in the above-nentioned etching
sol ution was etched with esw! §F/10\0,70,0 RicHifgy RGOS WhatkibyoRhe showed
porous Si layer was completely removed.
The etching rate of the non-porous Si single-
10 crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.
In this manner there could be obtained, on the Si
oxide film, a single-crystal Si layer of a thickness of
15 0.2 pm, which was not affected at all by the selective
etching of the porous Si.
The cross-sectional observation with a
transmission electron microscope confirmed that the Si
layer did not show introduction of any new crystal
20 defects and maintained satisfactory crystallinity.
Also similar results could be obtained even without
formation of the oxide film on the surface of the
epitaxial Si layer.
The first Si wafer was subjected to removal of the

25 remaining porous Si and was used again as the first

substrate.

[Example 2]



a practically negligible fil mthickness reduction. In this
manner there could be obtained, on the Si oxide film a
single-crystal Si layer of a thickness of 15 0.2 pm which was not
affected at all by the selective - 4®8tehing of the porous Si.

The cross-sectional observation with a transm ssion el ectron

m croscope confirmed that the Si | ayer did not show introduction of
any new crystal 20 defects and maintained satisfactory crystallinity.
Al'so simlar results"could be obtai ned even w t hout formati on of the
oxi de filmon the®sdrfRc&YBE Bhewafer hagipg,gj fhigknpggepf 625 um The
first Si wafer was sugﬁected tQ rempval remai ni ng porous Si

and was used2RJaPnSREHfdc rpSEstivity ? thBét@cm was DIFPRIRPI 852]

- 45 - f t hi_ck f 625
and a speC|f|@er§§F§t|?”gft%Pt%p01 [ewgfg%P&ﬁébggggiPeé%ﬁggithOH thepP:rst
substrate. |4 wag %%b%%ﬁhﬁﬂgkpu %%grﬁﬁk'?%llDWl c% ﬁQtHEP§°|”t'On under

the foll ow ng conditions ornlng e surfade | ayer of the
first Sig the rde 't il H%VQ%@Qs&Q&%H% §hy%§9b&”ﬁﬁgﬂ%h§%%n@ jof the

followng two layefs different in porosity: Current den5|ty
7 mVcnl err] wafer a two- lé@@ilea HbreRisuisiotegidn cddsAlstliQg EerdneH err] OH
= 1 10 5 m nutes Por ous

Si tthknessfdiumwlng two layers different in porosity:
Current density: 7 mA/cm?
Anodizing solution: HF : HO :C,HOH =1 : 1 : 1
10 Time: 5 minutes

Porous Si thickness: 5 pm

Porosity: 15%
then;
Current density: 38 mA/cm?
15 Anodizing solution: HF : H,O0 : CGHOH = 1 : 3 : 2
Time: 10 seconds

Porous Si thickness: 250 nm
Porosity: 50%
This wafer was then oxidized for 1 hour at 400°C
20 in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-crystal Si
layer was epitaxially grown with a thickness of 0.3 um
by CVD on the porous Si, under the following growing
25 conditions:
Source gas: SiH,

Carrier gas: H,



Porosity: 15% t hen; Current density: 38

mdVcnferr] 15 Anodi zi ng solution: HF : Herr]O: qu]WerHCH
1: 3: 2 Ti me: 10 seconds Por ous
Si thickness: 250 nm Por os+ 146 - 50% Thi s
waf er was then oxidized for 1 hour at 400[err]C 20 I n oxygen

at nosphere, whereby the internal wall surfaces of the pores in the
porous Si were covered with a thermal oxide film Then'a '
single-crystal Si | ayer was epitaxially grown with a thickness of
0.3 pm by CUBmpRTreRbTrgsérous Si, HAAeF the fol lowing growing 25
condi tions: Sour ce gas: S|H[err]

Carrier gas: Presguger) 1.3 Pa - 46 -
Tenper at ure: 830[err] C. Pr re 1.3 Pa

G owi ng rate: Groy 5 &C 3.3 ?ﬁégg on the epitaxial Si |ayer

surface, there was forned I i c 100
OX|5%¥| %qt e t%%x%boghf%akg kpese Qhs nm

Fy t her nmal ] ace o ve-nenti'oned Sigerr]
ayer ang t he & 2,58 t8kYaPERPEkAREsSE68NH00 nm LYl tMBIMAL

havi ng a% Si erF{ ayer oF ag?%?cﬁnegs of 500 Snn1 ?grngd t her eon,
wer e SUperpos%ld%{iﬁl&Hht ITHeD £IGSe HE thet GiBAA-mdrtlcereh siidjer and
bonded to each ot her by heat treatment for 2 hours at 700[err]C

layer and the surface of a separately prepared second
Si wafer, having an Si0, layer of a thickness of 500 nm
formed thereon, were superposed, brought into close

10 contact with each other and bonded to each other by
heat treatment for 2 hours at 700°C.

The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si at the
edge portion was removed by a certain amount by

15 etching, and a sharp-edged plate such as a razor blade
was inserted therein, whereby the wafers were separated
by the destruction of the porous Si layer and the
porous Si was exposed.

Thereafter the porous Si layer was selectively

20 etched with an'HF/th/HJD etching solution, whereby the
porous Si layer was completely removed.

The etching rate of the non-porous Si single-
crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed

25 a practically negligible film thickness reduction.

In this manner there could be obtained, on the Si

oxide film of the second wafer, a single-crystal Si



.The porous |ayer was nade to be exposed at the edge surface of the

wafers and the porous Si at the edge portion was renoved by a
certain amount by 15 etching, and a sharp-edged plate such as a razor
bl ade was inserted therein, wheréby-the wafers were separated

by the destruction of the porous Si |ayer and the porous Si was
exposed. Thereafter the porous Si layer was selectively 20
etched with an HF/ H202/ H20 etching solution wher eby t he porous Si
| ayer was congletel r enpv he etching rate q

non- por ous St-9¥PRgPE- 3 thlckn@??s?él 0.3 Pﬂe Whd¢b- W@%t?&ﬁe&féﬁgﬁﬁﬁg

| ut h th | |y showed
25 ' o pr acProRtty PReqFEQRBLE YR ERAERHSCEr BRGREEORL o ) Sin
this manner thereTﬁ%“E@o%% %%F%ggﬁgl BBskiGation witnh @1 de filmof the

second wafer, a single-cr

ar - erhd ﬁﬁs%flo% ek ndlerBRopel Chile1thieh iR el 4 ect ed

at all by the selective etching of porous

Cross-sect i Oﬂ%&eQb%ﬁ'aV%tdto'},hW R roductidh ¥ EnSSiney ‘?Jr%traqn M croscope
confirmed that "the Si | ayer did not show inftroduction of any new

crystal def@@k%cta&damlmﬂ&@m%@ta@tﬂaﬁtwtyo Iryeeatialdilti .t y.
Also simlar results could be obtai ned even wi t hout fornation of the

oxide filmon theadwd admidfar resultsheoelid &d albtaidealy @venlhe first wafer
was subjected 10 to the renoval of the remaining porous Si and was used
agai n as t he wiithouts flsgmedtion of the oxide film on the surface of
the epitaxial Si layer. The first wafer was subjected
10 to the removal of the remaining porous Si and was used
again as the first substrate.
[Example 3]
A 5" p-type Si wafer having a thickness of 625 um
and a specific resistivity of 0.01 Qcm was prepared as
15 the first substrate. It was subjected to anodization
in an HF solution under the following conditions,
thereby forming a two-layered structure porous Si
region consisting of the following two layers different
in porosity:
20 Current density: 7 mA/cm?
Anodizing solution: HF : H,O0 :C,HOH =1 : 1 : 1
Time: 1 minute
Porous Si thickness: 1 um
Porosity: 15%
25 then;

Current density: 160 mA/cm?

Anodizing solution: HF : H,0 : C,GHOH = 1 : 3 : 2



[Exanmple 3] A 5" p-type Si wafer having a thickness of 625 pm

and a specific resistivity of 0.01 [err]cmwas prepared as 15 the first
substrate. It was subjected to anodization in an HF sol uti on under
the follow ng conditions, t her eb$#8f orming a two-layered structure
porous Si region consisting of- the followng two | ayers different
In porosity: 20 Current density: 7 nA/cn[err]

Anodi zi ng sol uti on: : Herr]O: C[err]H[err]CH 1: 1 1 .

Ti me: - 1 m nut e 5 or pus Si thickness: 1 pm

Por osi ty: imei 5o, 25 t hen; secon Current density:

160 md¥ cnjerr] S | HF : Herr]O:

Clerr]H err] CH = Por%us szl%%]é{éggs ngﬁ o . 48 -

Ti me: Porcs S&FONds 45¢ Porous Si thickness: 500 nm
Porosity: 45% This wafer was then oxidized for 1
hour at” 400[err] C rlis wafo@ Ve RIATRSENEIAd WY ebyndlie dftgygral wal |
surfaces of the pores in the porous Si were covered with a thernal
oxide figm ThenorygemohemSEpisdd, Sthereby th@simgddmxi akddl grown with a

t hi ckness of 0.3 [err]m by CVD on the porous Si under the foll ow ng

growing 10 surbacks$iofisthe pores in tiS®wasowWasSi were covesrdd
with a thermal oxide film. Then a single-crystal Si
was epitaxially grown with a thickness of 0.3 um by CVD

on the porous Si under the following growing

10 conditions:
Source gas: SiH,
Carrier gas: H,
Temperature:_ 850°C
Pressure: 1.3 Pa

15 Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was
formed an Si0O, layer of a thickness of 100 nm by thermal
oxidation.

The surface of the above-mentioned SiO, layer of

20 the first wafer and the surface of a separately
prepared second wafer, having an SiO, layer of a
thickness of 500 nm formed thereon, were superposed,
brought into close contact with each other and bonded
to each other by heat treatment for 2 hours at 700°C.

25 The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si at the

edge surface was removed by a certain amount by



Carrier gas: Herr] Tenper at ur e: 850C

Pressure: 1.3 Pa 15 Growi ng rate: 3.3 nnisec
Then, on the epitaxial Si |ayer surface,, there was formed an
Sigerr] layer of a thickness of 100 nnf%% T her nal oxi dat i on.

The surface of the above-nentioned SiJerr] layer of 20 the first wafer
and the surface of a separately prepared second wafer, having an
Sigerr] layer of a t hi ckness of 500 nm forned thereon, were

super posed, eBChﬁngg Ogﬂataigﬁ&gl&g&geﬁoaié% With §§CQC9896{~ BmQaQOHdEﬂ

to each ot her reat nent ours at 700[err]

porous |ayer was HHgSrEQdb%héf@@ﬁedwﬁéréﬁ§ the wafBdgewsvefmgeualiiyhe
waf ers and the porous SI at edge surface was renoved by a

certain anmbunkeB¥rated by the destructlon of the porous-S49layer and
etching, and a sharp-edged plate such as a razor bl ade was inserted
t herein, wherehg pbeowsf siswasr exposedl.|y separated by the
destruction of the porous Si |ayer and the porous Si was exposed. 5
Thereaft &r the por herSafltayetheaporeusctivdeyer was sedregiwetlly an

HF/ H202/ H20 et chi ng sol ution, whereby the porous Si |ayer was

conpl etel y rertebed with an HF/Hi(e HeP RERPLPGt ECoHTLAR, nBReEBPBUENE

si ngl e-crystal Si_ in the above-nentioned etchlng solution was 10
extrenel y | owPSFOMSaSit HEYREn YBSr GQPL Yo FEPOTRE e a practically

negligible flln]thl?éﬁ%ﬁiﬂﬁ?%ﬁ%%&%nof the non-porous s1ngle—crystal

Si in the above-mentioned etching solution was

10 extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.

In this manner there could be obtained, on the Si
oxide film, a single-crystal Si layer of a thickness of
0.2 um, which was not affected at all by the selective

15 etching of porous Si.

The cross-sectional observation with a
transmission electron microscope confirmed that the Si
layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

20 Also similar results could be obtained even
without formation of the oxide film on the surface of
the epitaxial Si layer. The first wafer was subjected
to the removal of the remaining porous Si and was used
again as the first substrate.

25 [Example 4]

A 5" p- or n-type Si wafer having a thickness of

625 um and a specific resistivity of 0.01 Qcm was



In this manner there could be obtained, on the Si oxide film a

single-crystal Si layer of a thickness of 0.2 [err]m which was not
affected at all by the selective 15 etching of porous Si.

The cross-sectional observation with a 50 - transm ssion el ectron

m croscope confirmed that the Si - | ayer did not show introduction of
any new crystal - defects and nmi ntai ned satisfactory crystallinity.
20 Also simlar results could be obtained even - wi t hout
formation of the oxide filmon the surface of the epitaxial Si

| ayer. The fPESPaggCessddes firstt sybstrate. -t o Ith#asesybarPCcEPdt K8 renai ni ng
porous Si and was used . ain_as the first substrate. 25 [ Exanmpl e
4] ano&’?a‘:&-"’br“h-af‘yﬁg' seldfer magerg ther FodiRudsdof 625

[err]mand a %Peqitic resistivity of 0.01 [err]cm was
- 50 - ‘'ed as the first substrate. It was subjected to

anodi zation in an HF_sol.utjon nder th f Ilowﬁng condi ti ons.
Current density: éﬁrre?ﬁnge % 7 i/ Anodi zi ng solution: HF :-

Herr]Og Cerr]H ep[r{cléﬁmsglgoﬂuhtlo% HF : H,0 :¢HBE =1 ;: 1 : 1 S

m nut es Por ou i ckness: 5 pﬁ] Porosity:
15% then;, die: Current denwitites 38 mA/cnferr]
Anodi zing solution: HF : Herr]O: Cerr]JHerr]OH 1 : 3 : 2
Porous Si thickness: 5 um
Porosity: 15%
then:;

10 Current density: 38 ma/cm?

Anodizing solution: HF : H,O : CGHOH = 1 : 3 : 2
Time: 40 seconds

Porous Si thickness: 1.2 nm

Porosity: 45%

15 This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-crystal Si
was epitaxially grown with a thickness of 0.3 pm by CVD

20 on the porous Si, under the following growing

conditions:

Source gas: SiH,
Carrier gas: H,
Temperature: 850°C

25 Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was



Ti me: 40 seconds Porous Si- thickness: 1.2 nm
Porosity: 45% 15 This wafer was then oxidized for 1
hour at 400[err]C i n oxygen at nosphere, whereby the internal wall
surfaces of the pores in the porous SL &gre covered with a therma
oxide film Then a single-crystal Si was epitaxially growmm with a
t hi ckness of 0.3 pmby CVD . 20 on the porous Si, under the follow ng
gr owi ng condi tions: . Source gas: Si H4
Carrier gas: H err] " Tenper at ur e: 850[err]C
25 Pfezmedean SiO, layer off . 8 ¥hickness of 100 Growhngthermal

3.3 nnisec Then, on the epitaxial Si |ayer surface, there was
formed an Si Gpéfgticaver The suriperness the ebOVEmMeRtireefafio,

oxi dation. The surface of the above-nentioned Si.Q2 | ayer and the

surface of alS¥FZr &P Fhsr EY&EaFes8foRd SSPATAtRIY PTRRFTRG RSP | ayer of
o, ckness gf 200 it o ST TRbET SEr v BuREL PORCToBuguah 1 nto
2,100 T G nors, o Bt SRR gt e v 1
sufficient Pressa WASIARYJE G e Al boNie Yy heat treatment
for 2 hours at 700°C.
Plates were bonded, with an adhesive, on both the
external surfaces of the bonded wafers, and a
10 sufficient pressure was applied uniformly on such
plates in a direction perpendicular to the external
surfaces of the bonded wafers, whereby the wafers were
mutually separated by the destruction of the porous Si
layer and the remaining portion of the porous Si was
15 exposed.
Thereafter the remaining porous Si layer was
selectively etched with an HF/H,0,/H,0 etching solution,
whereby the porous Si layer was completely removed.
The etching rate.of the non—porous Si single-
20 crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.
In this manner there could be obtained, on the Si
oxide film of the second wafer, a single-crystal Si
25 layer of a thickness of 0.2 um, which was not affected
at all by the selective etching of porous Si.

The cross-sectional observation with a



plates in a direction perpendicular to the external surfaces of the

bonded wafers, whereby the wafers were mutual | y separated by the
destruction of the porous Si | ayer and the remaining portion of the
porous Si was 15 exposed. - 52 Fhereafter the remai ni ng porous
Si | ayer was - selectively etched with an HF/Herr]Jerr]/Herr]O

et ching sol ution, wher eby the porous Si |ayer was conpletely
renoved. The etching rate of the non-porous Si single- 20
crystal in the above-nentioned et chi,ngr sol ution was - extrenely | ow so

that the non-EHTE ISR FRGFGHWEFToscore Soniamed fRRtHhddls gilbie film
t hi ckness reduction,, . I.n this .manner there coul d _ be obtained, on
the S FATR |97 ot SEESTHE O, g’ SR & o

llayer of a thigcknes . . Whi ¢ lygas;sfsngg f . ..,at all by the
selective etc (T§ng o?s E%E)dr g‘baglrgf'glm 4 13; c‘%gissg%lelcﬂlotrya'l observati on

with a _ Also simil%f ﬁssulﬁf could be otkdined even Lransm ssion
el ectron mcroscope confirmed that the Si | ayer did not show

i ntroducy i on f trdye NEY¢d ¥ Sdlof the SlefRCtS BOhABIHY anethsatdsfactory
crystallinity. Also simlar results could be obtained even 5

W t hout for methereitdfbaDxsleldydd) onrHdef St ageff was subjdecepi t axi al
Si layer. The first wafer was subjected to the renoval of the

remai ni Ng poroalistite aembovas of ethe remaimiyay p@soddest idisd wadsiged e.
[ Exanpl e 5] 10 A 5" p-type Si wafer having a thickness of 625
[err]m again as the first substrate.
[Example 5]
10 A 5" p-type Si wafer having a thickness of 625 um
and a specific resistivity of 0.01 Qcm was prepared as

the first substrate. It was subjected to anodization

in an HF solution under the following conditions.

Current density: 7 mA/cm?
15 Anodizing solution: HF : H O :CHOH =1 : 1 : 1
Time: 11 minutes

Porous Si thickness: 10 um

Porosity: 15%
then?;
20 Current density: 25 mA/cm?
Anodizing solution: HF : HO : CHOH = 1 : 3 : 2
Time: 20 seconds
Porous Si thickness: 200 nm
Porosity: 55%
25 This wafer was then oxidized for 1 hour at 400°C

in oxygen atmosphere, whereby the internal wall

surfaces of the pores in the porous Si were covered



and a specific resistivity of 0.01 [err]cmwas prepared as the first

substrate. It was subjected to anodization in an HF sol ution under
the foll owi ng conditions. Current density: 7 mA/ cnjerr]
15 Anodi zing solution: HF : HBBrtO:(err]Herr]OH=1: 1: 1
Ti me: 11 m nutes Porous Si thickness: 10 pm
Porosity: 15% then; 20 Current density: 25
mNcﬁeH] Anodi zi ng sol uti on: l%: WeH]O qu]WeH]Giz
1 3 2 - Por ous
S thi cknessWﬂZ—BOa f’hhermmi oxide Silgs; ti}'hen a Smgq-e c%"é"?otaZlSSl Thi s
waf er was then_oxidi_zed f.qr ur at 400 r.C
atnosphere %ﬁgFEbyaﬁhgp @ﬁﬁg1yW§FPwn W FP%f@?eﬁﬁ fﬁg §r@? in the
porous Si d h 3
with a therma OXI ﬁl'f ﬁhe ré)rlllsasm ng‘flne crfstealfoélOWlng Sﬁm;‘;qergwas
epi taxi al |y gipwn tWidds-a thickness of 0.3 pm by CVD on the porous Si,
under the follow ng grow ng conditions: 5 Sour ce gas:
SiHerrk Sourl¥ d&y: gas: sig H err] Tenper at ur e:
850[err]C Pressure: 1.3 Pa G owi ng rate:
3.3 nnisec 10 Carriebheyas:on the epiH,axial Si |ayer surface, there was
Temperature: 850°C
Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec
10 Then, on the epitaxial Si layer surface, there was

formed an SiO, layer of a thickness of 100 nm by thermal
oxidation. The surface of the above-mentioned SiO,
layer and the surface of a separately prepared second
wafer having an SiO, layer of a thickness of 500 nm

15 formed thereon were superposed, brought into close
contact with each other and bonded by heat treatment
for 2 hours at 700°C.

The porous layer was made to be exposed at the

edge surface of the wafers, then the porous Si was

20 etched by a certain amount, immersed in an ultrasonic
cleaning tank filled with pure water and subjected to
ultrasonic irradiation, whereby the wafers were
mutually separated by the destruction of the porous Si
layer and the porous Si was exposed.

25 Thereafter the wafer was dried and the remaining
porous Si layer was selectively etched with an

HF/H,0,/H,0 etching solution, whereby the porous Si



formed an Sierr] layer of a thickness of 100 nm by thermal

oxi dation. The surface of the above-nentioned SiJerr] | ayer and
the surface of a Separately prepared second waf er having an Si Q2

| ayer of a thickness of 500 nm 15 -fbB#nmed t hereon were superposed,
brought into cl ose contact with each other and bonded by heat

treat nent for 2 hours at 700[err]C . The porous | ayer was
made to be exposed at the edge surface of the wafers, then the
porous Si a et ched by cer i.mersed in an ultrasonic

t t
cl eaning tan afyqu &P t &G S‘ﬁ'g’ u%@f“é’&ettgly TemovEgler asoni c

irradiation, mher%gy mafers wer tuaII eparaﬁﬁg by the

destruction of t he poro rate o gag'nQQjaﬂﬁguporous S exposed.

%F | ayer was séfsagatl ve %m%b%d’e%@%%%da%%&ﬂ%%}ﬁfgﬁeﬁﬁ ng Porots

sol ution, whefeheddms, Q.vapus% Shat the non- orous layer only showed - 54
| ayer was ‘selectively etched and conpletély rendved.

The et chg ng rat@raitidiel REMEWrYiole Hilg!¥rickness dadicidn t hey
above- nenti oned etching sol ution was extrenely |low so that the

non- por ous | agteis Gidnyheah odteske Scould i anbtadialdd), neglitg Hie ddilda t hi ckness
reduction. In this manner there could be obtained, on the Si oxide
film a singl#tlmyst adirgyle-ayeystdl Hit Hiagdarsst & thizkness ofprfd. avhi ch was
not affected at all by the selective etching of porous Si. 10

The cross-sedt®oridrighhsers neoorpffedted at all by the selective

etching of porous Si.

10 The cross-sectional observation with a
transmission electron microscope confirmed that the Si
layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

Also similar results could be obtained even

15 without formation of tﬁe oxide film on the surface of
the epitaxial Si layer. The first wafer was subjected
to the removal of the remaining porous Si and was used
again as the first substrate.

[Example 6]

20 A 5" p-type Si wafer having a thickness of 625 um
and a specific resistivity of 0.01 Qcm was prepared as
the first substrate. It was subjected to anodization

in an HF solution under the following conditions.

Current density: 7 mA/cm?
25 Anodizing solution: HF : H,O :CHOH =1 : 1 : 1
Time: 5 minutes

Porous Si thickness: 5 um



transm ssion el ectron m croscope confirmed that the Si | ayer did not

show i ntroduction of any new crystal defects and mai nt ai ned
satisfactory crystallinity. Also simlar results could be
obt ai ned even 15 wi thout formation 6 +he oxide filmon the surface of
the epitaxial Si layer. -The first wafer was subjected to the renoval
of the remaining porous Si and was used again as the first
substrate. [ Exanpl e 6] 20 A 5" p-type Si wafer having a
t hi ckness of 625 gm . and a specific resistivity of 0.01 [err]cm was
prepared as OFREift¥rst substratelSPt was subjected to anodization
in an HF solugioq under the follow ng conditions. . Current
density: M/ cnferr] 25 Anodi zing solution: HF : Herr]O
derr]Herr)]OH=2_. 1 : 1 . . Tine: . 5 m nutes
Porous Si thi cknes(,:élzrr?n[tefiﬂﬁlty' 38 mA7om - 55 -
Porosity: .%i%) E n; . . ent ,densi ty: 38
Anod solutidf!’ HF : HO : pEeA! 10ENSI L
mA cni err] nOl_ngdlszolrlllg Isao ution: F*flz: err]O: C[err]ﬁ[err](]—lz
1: 352 5 Time: Tl ME: 10 sechgseconds Por ous
Si thickness: 250 nm Porosity: 50% Thi s
waf er was then oxipdirer@ fsar thikfhesal: 480 e ] C i n oxygen
at nosphere, whereby the internal wall 10 surfaces of the pores in the
porous Si were coweredity: 50%
This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
10 surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-~crystal Si
layer was epitaxially grown with a thickness of 0.3 um
by CVD on the porous Si, under the following growing
conditions:
15 Source gas: SiH,
Carrier gas: H,
Temperature: 850°C
Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec
20 Then, on the epitaxial Si layer surface, there was
formed an SiO, layer of a thickness of 100 nm by thermal
oxidation. The surface of the above-mentioned SiO,
layer and the surface of a separately prepared second
wafer, subjected to removal of the native oxide £ilm,
25 were superposed, brought into close contact with each

other and bonded by heat treatment for 2 hours at

700°C.



with a thermal oxide film Then a single-crystal Si | ayer was

epitaxially growmm with a thickness of 0.3 pm by CVD on the porous

Si, under the follow ng grow ng conditions: 15 Sour ce gas:
SiH err] Carrier gas: - 56 Herr] Tenper at ur e:
850[err]C Pressure: 1.3 Pa G owi ng

rate: 3.3 nmsec 20 Then, on the epitaxial Si |ayer
surface, there was formed an SiJerr] layer of a thickness of 100 nm
by ther nal oxi dation. The surface of the above-nentioned Si Q2

| ayer and the surfd&e PPTRUSegavETeMasSpRafar &8 Secer@osed at kheer,
subjected to renoval of the native oxide fil g})ﬁ 25 wer.e super posed,
brought into &9 FHese Qb (e yafers and e POXRYSpSld¥8ShEthbes

treatnent for ,2 hours at,
by

700 C
256 - 2SR, SRR i ST RERE e PIRSS B R SFhe
edge surface of Jhe WaLel 3,0 16 RO S8 9LERG the wadlyed certain
aate such as a razor 2ol ade

anount, and a SHar p-edged was i nserted

therein, dwvher ghy.d %e@{lg}érse}rﬁa\tqﬁdeﬁj% 'g?éssc‘%%tib%d o(tipy dhiae destruction

of the porous S ous was expose

Thereafter theQIsiS1dAne aB e Riduelst pisleed with an
HF/ H202/ H20 et?pchi ng soll ution, aV\hereby theu Wapsore(§{u5 Si | ayer was

C_orrp: etely renpved.thelfbafter theliRrSUNISI] IAter Mad R IRRITIRAIGUS Si
SHheTE etched with an HF/H,0,/H,0 etching solution, whereby the
porous Si layer was completely removed.

10 The etching rate of the non-porous Si single-
crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.

In this manner there could be obtained, on the Si

15 oxide film, a single-crystal Si layer of a thickness of
0.2 um, which was not affected at all by the selective
etching of porous Si.

The cross-sectional observation with a
transmission electron microscope confirmed that the Si

20 layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

Also similar results could be obtained even
without formation of the oxide film on the surface of
the epitaxial Si layer. The first wafer was subjected

25 to the removal of the remaining porous Si and was used
again as the first substrate.

[Example 7]



_crystal

t hat the non-porous | ayer only showed
t hi ckness reducti on.
the Si 15
0.2 pm which was not affected at al
porous Si. .

show i ntroduction of any new crystal

in the above-nenti oned etching solution was

In this manner there could be obtai ned,
oxide film a single-cryssal-Si
by the sel ective

The cross-sectional
transm ssion el ectron mcroscope confirned that the S

extremely | ow so
a practically negligible film
on
| ayer of a thickness of

et ching of
observation with a

20 | ayer did not
defects and nmi nt ai ned

satisfactory crysbBaPl'i Rrtype Si wafer haging 3j fhigkneesuPfs®ésur® be

obt ai ned even

wi.t hout formation of the oxide filmon the surface of

the epitaxi aP?Sj 2| §REFIEFReTPEASELINAEE Ofial - SLpf:ER: WS PESPATEY PRe renoval

of the remai pj N9

wgs subjec%ggi

n_as tge first

orous Si _and was_use
substrat e. fﬁgaﬁﬁggtffgé’ It _ @ to anodization - 57
- .. in an’HP sBlh¥R8P58n§%EeEhQa¥bEQo%iB 'Eﬁﬂﬁg%igks§25 Lerr]m.
and a specific resistivity o : [err]cmwas prepared as the first
substrage. It wascgubhatt 8dnkq+§r0di zayi QR /om? in an HF sol ution under
the following conditions. 5 Current density: 7 mA cnferr]
Anodi zi ng sol uti oanodhlzingHsen ik@ontl ekr] Kl ﬁgﬁ].cungoﬁ =1:1:1
Ti me: 5 mnutes orous 'Si thickness: 5 [err]m
Porosity: Time:15% 5 minutes
Porous Si thickness: 5 um
Porosity: 15%
10 then;
Current density: 38 mA/cm?
Anodizing solution: HF : HO : CHOH = 1 : 3 : 2
Time: 10 seconds
Porous Si thickness: 250 nm
15 Porosity: 50%
This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-crystal Si
20 layer was epitaxially grown with a thickness of 0.3 um
by CVD on the porous Si:
Source gas: SiH,
Carrier gas: H,
Temperature: 850°C
25 Pressure: 1.3 Pa

Growing rate:

3.3 nm/sec

Then, on the epitaxial Si layer surface, there was



10 . then; Current density: 38 rrA/cn{err]
Anodi zing solution: HF : Herr]O: (err]J]Herr]OH=1: 3 2

Ti me: 10 seconds Por ous Si thlckness: 250 nm
15 Porosity: 50% 58 - This wafer was then
oxidized for 1 hour at 400[err]C I n oxygen. at nosphere, whereby the
I nternal wall surfaces of the pores in the porous Si were covered
with a thermal oxide film Then a single-crystal Si = 20 | ayer was-

epi taxi al | i th t hi ckness of on the
pgrous Slzy'§¥orme an éi # ghchnes% 100 nmyby EkeEQ? Ier

gas: r t

Pressur e oxl%atlon. 1 ‘Q\ep sur %tu t%'xe (?rb(?v\\ﬁen men :Loned %‘::JLO 3.3 nnf sec
Then, on the A ACE, é\éej_r E}’]ﬁﬁ

- 58 - P&L% o?énrg%l %eS: éeréﬁ] ayerS at cl?n sarod rr;crrz1 by
thermal ghddadieraddle sU{ac&Pitd *’tﬁq?%}i/epl@éﬂd oned Si (2

| ayer and the surface of a separately prepar e uartz gl ass
substrat®, subfeedEsticn Oxyged flmsifosdd, bﬁ‘cb’dg?l'dtt atrit,.c MR super posed,
brought into cl ose contact with each other and bonded by heat

treat nent contdot ?itlhowschatotid aand Monded by heat TMregorenits | ayer was
made to be exposed at the edge surface of the wafers and the porous

Si at the for 2 hours at 500°C.
The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si at the

10 edge surface was etched by a certain amount, and a
sharp-edged plate such as a razor blade was inserted
therein, whereby the substrates were mutually separated
by the destruction of the porous Si layer and the
porous Si was exposed.

15 Thereafter the porous Si layer was selectively
etched with an HF/H,0,/H,0 etching solution, whereby the
porous Si layer was completely removed.

The etching rate of the non-porous Si single-
crystal in the above-mentioned etching solution was

20 extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.

In this manner there could be obtained, on the
glass Substraté, a single-crystal Si layer of a
thickness of 0.2 pm, which was not affected at all by

25 the selective etching of porous Si.

The cross-sectional observation with a

transmission electron microscope confirmed that the Si



10 |, edge surface was etched by a certain anount, and a shar p- edged
pl ate such as a razor bl ade was inserted t herein, whereby the
substrates were nutual ly separated by the destruction of the porous
Si layer and the porous Si was -exppsed. 15 Thereafter the
porous Si |ayer was selectively etched with an

HF/ Herr]derr]/Herr]O etching solution, whereby the porous S

| ayer was conpletely renpved. The etching rate of the

non- porous Si _Si gl ystal in the abgve-nentioned etching

sol uti on was 13% dé?tP@ﬁe??OWOMPEBO@H§F19ﬂe°ﬁoﬁnﬁoPﬁﬂscF&§E?lonIy showed

N ble filmthi t hi
manner ther eyesﬁga%%éasﬁt e BEeTh ?%3%1s?actoarzaggygaawafay e
i ngl e- | thi gkne whi ch t
aifected b all by 58 sthifer pautbd SoRERTRE sPrAspBaceea" O O 10
The cross- Sec&?ﬁﬂéh %%ﬁ%@ bR”o%‘Eﬂe oxide flﬁkaBﬁ”Eﬁé'gﬂr%ESEtBQ”

m croscope con |rne -
59 - 5 thleagﬁatqkqamoslsmeyyekntr@ﬂe%aegtoélawfe%%sgysta'
defects and maintained satisfactory crystallinit Al so simlar
resul ts coul dshejebtained ewenNremoval mfthﬁétréaéﬁa&h NpekoliBesexiea film
on the surface of 5 the epitaxial Si layer. The first Si wafer was
subj ected to whe ueedvahadh tbethendipsmsgspbsewatsi. and was used
again as the first substrate. [ Exanpl e 8] Afirst 5"

p-type (100) $Emgmpler gdtal Si wafer
A first 5" p-type (100) single-crystal Si wafer
10 having a thickness of 625 pym and a specific resistivity
of 0.0l Qcm was subjected to anodization in an HF
solution under the following conditions.
Current density: 7 mA/cm?
Anodizing solution: HF : H,O :C,HOH =1 : 1 : 1
15 Time: 11 minutes
Porous Si thickness: 10 um
Porosity: 15%
The above-mentioned single-crystal Si substrate
was taken out from the anodizing apparatus, then washed
20 with water and stored, set again in the anodizing
apparatus after replacement of the anodizing liquid
therein, and subjected to anodization under the

following conditions:

Current density: 25 mA/cm?
25 Anodizing solution: HF : H,0 : CHOH = 1 : 3 : 2
Time: 3 minutes

Porous Si thickness: 3 um



10 , having a thickness of 625 [err]mand a specific resistivity - of
0.01 [err]cmwas subjected to anodi zation in an HF sol uti on under
the foll owi ng conditions. Current density: -7 mNcnferr]
Anodi zing solution: HF : Herr]O:der®H-err]OH=1: 1: 1 15

Time: - . 11 m nutes Porous Si' thickness: 10 [err]m
Porosity: 15% The above-nentioned single-crystal S
substrate was taken out fromthe anodi zi ng apparatus, then washed

20 wi th water a]gd sto£ set agai né%the anodi zi ng appar at us
after repl acement PHE %Bhodi zi ng | q therein, and subjected to

anodi zati on under I o rent
density: ' nﬁ#ﬁ%e‘?’afeIZ é %ggo,i %J\Z# npégd' hour .at I—ﬁl()%[err] O :
C[err]H[err]FHﬁneéggeﬁ atgosphere wherdby®the internal wa113 m nut es

Porous Si th - 60 -
Porosity: urfaces5é%6the pores in [Bhé PEFEGIsWES GEL8 Sxv&higed for 1
hour at 400[err] ~in oxygen atnosphere, whereby the internal wal
surfacessof thetpoaegheéfmbleoR0a€USibh. WerReON s EAg1E-cry¥tah 2it her mal
oxide film Then a single-crystal Si | ayer was epitaxially grown
with a thi cknksgesf wAs3epetakimlly groby Wi/fhoa theckonesssofSi0.3 um
Sour ce gas: Si H4 Carrier gas: H2
by CVD on the porous Si:
Source gas: SiH,
Carrier gas: H,
10 Temperature: 850°C
Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was
formed an SiO, layer of a thickness of 200 nm by thermal
15 oxidation. The surface of the above-mentioned SiO,
layer and the surface of a separately prepared Si wafer
were superposed, brought into close contact with each
other and bonded by heat treatment for 1 hour at
1100°C.
20 The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si was etched
by a cértain amount, and a sharp-edged plate such as a
razor blade was inserted therein, whereby the wafers
were mutually separated by the destruction of the
25 porous Si layer and the porous Si was exposed.
Thereafter the porous Si layer was selectively

etched with an HF/H,0,/H,0 etching solution, whereby the



10 . Tenper at ur e: 850[err]C Pressure:

1.3 Pa Growi ng rate: 3.3 nnisec Then, on the
epitaxial Si |layer surface, there was formed an SiJerr] |ayer of. a
t hi ckness of 200 nmby thernmal 15 -0l dation. The surface of the
above-nenti oned Si Q2 | ayer and the surface of a separately prepared
Si wafer wer e superposed, brought into close contact with each

ot her and bonded by heat treatnent for 1 hour at 1100[err]C. -20

The porous |ayer was nade to be exposed at the edge surface of the
waf ers and. t RRTBYFoS éPYﬁésWéFcﬁ@gplet31Y“B?m8V€€rtain amount, and a

shar p- edged pl ate bl ade was igserted t herein,

guch ag.a r.azor de

wher eby t he maferg e etc l%8r£3ﬁ8t8£|%geSSBEFSPEBUBy th&*8E8&Eructi on of the

25 porousc§ skﬁxe&naQﬂetQSOBQEﬁH§t§bn&§Se%éﬁ?é&dso ution was Ther eaf t er
y y etched“w th an

the porous S Fayer was selective
HE M er ] O eethelign] Qo6 6B RiatOlHE! 8Bn-PBPHEYY 1698: only showed

porous Si |ayer was conplefely renoved. The
et chi ngsrat eaogrta&i!aﬁni@oh@@§i§&babnq&@_m thicknek¥s radubrRibhe
above- nenti oned etching sol ution was extrenely |low so that the
non- porous | ayer am ¥hikowaetner thedepeauilidcde ybiadhed, bba fthiemstihi ckness
reducti on. In this nmanner there could be obtained, on the S
oxide film axdideglfd-lor,yst single-aygstall &it Hiaglemess af thicknes. 2fferr]m
whi ch was not affected at all by the selective etching of porous Si.

0.2 pym, which was not affected at all by the selective
etching of porous Si.

10 The cross-sectional observation with a
transmission electron microscope confirmed that the Si
layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

Also similar results could be obtained even

15 without formation of the oxide film on the surface of
the epitaxial Si layer.

The first Si wafer was subjected to the removal of
the remaining porous S$Si and was used again as the first
substrate.

20 [Example 9]

A first 5" p-type (100) single-crystal Si wafer
having a thickness of 625 um and a specific resistivity
of 0.01 Qcm was subjected to anodization in an HF
solution under the following conditions.

25 Current density: 7 mA/cm?

Anodizing solution: HF : H,O0 :C,HOH = 1 : 1 : 1

Time: 5.5 minutes



10 . The cross-sectional observation with a transm ssi on

el ectron m croscope confirned that the Si | ayer did not show

i ntroduction of any new crystal defects and numi ntai ned satisfactory
crystallinity. Al so simlar6Results could be obtained even 15
wi thout formation of the oxide filmon the surface of t he epitaxial
Si | ayer. The first Si wafer was subjected to the renoval of
the remai ning porous Si and was used again as the first substrate.
20 [ Exanpl e 9] . A first 8" p-type (100) single-crystal Si

waf er havi d@ % 45hi Tk ABEEReSI5 *PmPBhd a specific resistivity

of 0.01 [err]cm j.ected to anodi Jon in an HF sol uti on under
the foll ow ng co\rll\gﬁxls%gr?sﬁ?' 25 ézj‘%rent density: 7 mA/ cnjerr]
anodizing solutl onfndf tnd il 'ddAcddlddidiP !l e dnoarzing! 11quid
Ti me: 5.5 mnutes

62 - was vari&d the [{HEHINRSS 0f 4,BMand C,H,0H, andOHPRI tY:
15% Then the 'HF concentration in the anod?2|ng l'iquid
was varisd byaridiei sdlehi di otaHicdiididddd andtidsd eftHd Herrdvadhg and the 5
anodi zati on was conducted under the follow ng conditions to forma

| ayer of diffesedttionostd yform a layer ofCuiiffdraletnpdyosity: 25

mA cni err] Anodi zing solution: HF : Herr]O: Cerr]Herr]OH =
1: 3: 2 Currgnpedensity: 25 mA/icmfi nut e

Anodizing solution: HF : H,O : CHOH = 1 : 3 : 2

Time: 1 minute
10 Porous Si thickness: 1 um
Porosity: 55%

This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered

15 with a thermal oxide film. Then a single-crystal Si
layer Was epitaxially grown with a thickness of 0.3 um

by CVD on the porous Si:

Source gas: SiH,
Carrier gas: H,

20 Temperature: 850°C
Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was
formed an SiO, layer of a thickness of 100 nm by thermal
25 oxidation. The surface of this layer and the surface
of a separately prepared Si wafer were superposed,

brought into close contact with each other and bonded



10 . Porous Si thickness: 1 [err]m Porosity:

55% This wafer was then oxidized for 1 hour at 400[err]C

i n oxygen atnosphere, whereby the internal wall - surfaces of the
pores in the porous Si were covered 1555 _Wth a thermal oxide film Then
a single-crystal Si | ayer was epitaxially grown with a thickness of
0.3 [err]m by CVD on the porous Si: : ~ Sour ce gas:

SiH err] Carrier gas: Herr] 20 ' Tenper at ur e:
850[err]C Pressure: 1.3 Pa ' G owi ng
rate: by3héavtseatment for 5 mibdies et thaoew.taxial Si | ayer
surface, there was formed an Si 2 | ayer of a thickness of 100 nm by
thermal 25 ox iTihet ipmrousTHaysur fwece mafdet Hics Heaestpcmed tate ther f ace

of a separately prepared Si wafer were superposed, brought into

cl ose cont actedget suxfdreotdferthenavafemtednd the porous Si was etched

- 63 -

by heat treatnent for 5 mnutes at 1180[err]C

The porous | &Yerd \G&F ffdde amPWe o)givk & shiangredged platge SUFT &% Sf the
waf ers and the porqQus Si was etched by a certain anmoun and a

shar p- edged FI3RYF RiGfades ipserteg fhefieide WHETSREtR "Ta:féré n,

t he wafers

wer.e tually s ted.b he destructi of the
porous Si Iafe%reaﬂaﬂf _rsoei%aﬁelp% Yegﬁ%és/e(ifsetrucuon Otoq:Ibheereafte
porous Si la)i)etfrd’@ss szlﬂi}éfleérYd the porous Si was exposed.

10

15

20

25

Thereafter the porous Si layer was selectively
etched with an HF/HJ%/ng etching solution, whereby the
porous Si layer was selectively etched and completely
removed.

The etching rate of the non-porous Si single-
crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.

In this manner there could be obtained, on the Si
oxide film, a single-crystal Si layer of a thickness of
0.2 ﬁm, which was not affected at all by the selective
etching of porous Si.

The cross-sectional observation with a
transmission electron microscope confirmed that the Si
layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

Also similar results could be obtained even
without formation of the oxide film on the surface of
the epitaxial Si layer.

The first Si single-crystal wafer was subjected to

wher eby

r the



etched with an HF/ H202/ H20 et chi ng sol uti on, whereby the 10 porous Si

| ayer was sel ectively etched and conpletely "~ renoved. The
etching rate of the non-porous Si single- crystal in the
above-nentioned etching solution was _ g4 - extrenely |low so that the

non- porous | ayer only showed 15 a practically negligible filmthickness
reducti on. In this manner there could be obtained, on the S
oxide film a single-crystal Si |ayer of a thickness of 0.2 pm

whi ch was not affected at all by the selective etching of porous Si.
20 Thebec megovadciforvile aegerdvdangopowouls §i and wasr asedi SSi on

el ectron m croscope confirned that the Si | ayer did not show

i nt roduct i on agRign@sndhec fjigsal substratg@ef ects and nai ntai ned satisfactory
crystallinity. Also simlar results could be obtained even 25
wi t hout for nd&*&Ted th¥%d oxide filmon the surface of t he epitaxi al
Si | ayer. . The first Si single-crystal wafer was subjected to
YA LR SRR A" BT RS RN GOsT 638 SSRafa WaSSHsed

again as the fir.st suhst.rate. aml e 10 L . Afirst 5"
p-type (°100) k%qvﬁd}ge-ac&}gtc negs \ﬁgfeSF[SEglm anﬁa\?l %&eélltft’ff:clfﬁgg‘ft&f”é_‘% pm and
a specific rebsé %i \{L' t':ycm was su(%{je%fgjq [t%r ra]n%@l% '%'i'lbji%Cta%dHtFo anodi zati on
in an HF §é1ut|on under the tol I ow nhg ¢condi'tT ons.

Current densiddfution vhdBY ¥l '#d11owing conditions.

Current density: 7 mA/cm?
Anodizing solution: HF : H,0 :CHOH =1 : 1 : 1
10 Time: 11 minutes

Porous Si thickness: 10 um

Porosity: 15%
then;
Current density: 25 mA/cm?
15 Anodizing solution: HF : HO : CHOH =1 : 1 : 1
Time: 3 minutes

Porous Si thickness: 3 um
Porosity: 40%
This wafer was then oxidized for 1 hour at 400°C
20 in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-crystal Si
layer was epitaxially grown with a thickness of 0.3 pm
by CVD on the porous Si under the following growing
25 conditions:
Source gas: SiH,

Carrier gas: H,



Anodi zi ng solution: HF : Herr]O:(err]Herr]OH=1: 1: 1 10

Ti nme: ‘ 11 m nutes Porous Si thickness: 10 pm
Porosity: 15% t hen; Current density: 25
mVcnferr] 15 Anodi zi ng solugigg:_ HF : Herr]O: (err]Herr]OH =
1:1: 1 Ti me: 3 mnutes Por ous Si
t hi ckness: 3 pm Porosity: 40% Thi s
waf er was then oxidized for 1 hour at 400[err]C 20 i n oxygen

at nosphere, whereby the internal wall surfaces of the pores in the
porous Si were covgffbrature: W th a thgjgwd oxide film Then a
single-crystal Si | ayer was epitaxially grown with a thickness of
0.3 pm by @#esyuddre porous Si undered he follow ng growing 25

condi tions: Sour ce gas: Si H4 Carrier
gas: H2 Growing rate: 3.3 nm/sec - 65 -

Tenper at ur e: 850[err] C Pressure: 1.3 Pa

G owi ng rate: Therg, dmiflveepitaxial Si Ipwer surfdee epihene afassi | ayer

surface, there was. 5  forned an Si q&grlré( | ayer of a thickness of 100 nm
by therfal formegd)ar|as3i®nlayrs odr RPa nesSs afa @0 aRd byh&hegmedce

of a separatelwarepared Si wafer were S%Eerposed, broqght into
cl ose cont actP¥i43tieRn otMRSUHPER Redthis layer and the surface

of a separately prepared Si wafer were superposed,
brought into close contact with each other and bonded
by heat treatment for 5 minutes at 1180°C.

10 The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si was etched
by a certain amount, and a sharp-edged plate such as a
razor blade was inserted therein, whereby the wafers
were mutually separated by the destruction of the

15 porous Si layer and the porous Si was exposed.

Thereafter fhe porous Si layer was selectively
etched with an HF/H,0,/H,0 etching solution, whereby the
porous Si layer was selectively etched and completely
removed.

20 The etching rate of the non-porous Si single-
crystal in the above-mentioned etching solution was
extremely low so that the non-porous layer only showed
a practically negligible film thickness reduction.

In this manner there could be obtained, on the Si

25 oxide film, a single-crystal Si layer of a thickness of
0.2 pym, which was not affected at all by the selective

etching of porous Si.
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Thereafter the porous Si | ayer

etched with an HF/ Herr]J]err]/Herr]O etching

| ayer was sel ectively etched and
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sel ecti ve

- 66 -

0.2 [err]m which was not affected at aI

hi s manner there coul d

by the

defect< hml mdipeinesi Satisfactory crystallinity.

The cross-secti onal
transm s$i on el ectAxlsp nsimbsropesoitfs ramul d e gbt@iSied even

show i ntroduction of any new crystal _ |
sati sfact ory wkyRewt | fegmgtions of the oxide &ilm len the wurfaasulaf be

obt ai ned even

observation with a
| ayer did not
def ects and mmi nt ai ned

wi thout formation of the oxide filmon the surface of

the epitaxi alth® ¢RyEsxigheStilayeny Sihgyflxsytiaisingle-crystal

wafer was subjected to the removal of the remaining

10

15

20

25

porous Si and was used again as the first substrate.

[Example 11]

A first 5" p-type (100) single-crystal Si wafer

having a thickness of 625 pym and a specific resistivity

of 0.01 Qcm was subjected to anodization in an HF

solution under the following conditions.

Current density:
Anodizing solution:
Time:
Porous Si thickness:
Porosity:

then;
Current density:
Anodizing solution:
Time:
Porous Si thickness:

Porosity:

0.5 mA/cm?
HF : HO :C,HOH = 1 : 4 : 1
80 minutes

3 um
20%

5 mA/cm?

HF : HO : CH,OH = 1 : 4 : 1
1 minute
1.8 pm

45%

This wafer was then oxidized for 1 hour at 400°C

in oxygen atmosphere, whereby the internal wall



waf er was subjected to the renoval of the renaining porous Si and

was used again as the first substrate. 10 [ Exanpl e 11] A
first 5" p-type (100) single-crystal Si wafer : havi ng a thi ckness of
625 [err]mand a specific resistivity . of 0.01 [err]cm was subjected
to anodi zation in an HF sol ution BAder the fol [ ow ng conditions. 15
Current density: 0.5 mA/cnferr] Anodi zi ng solution: HF :
HerrJ]O:(errJ]Herr]OH=1: 4 : 1 Ti me: - 80

m nut es -~ Porous Si thickness: 3 [err]m - Porosity:
20% 20 th@lirfaces of the potekCih ¢ABS! ous Si_ @e?@/%ﬁk%&%h

Anodi zing solution: HF : Herr]O: (err] rjcH =

Ti ne: with a thbkrfialubb&ide film. The?praOlsin‘étLeLlaiz@lﬁt%assll- 8 pm 25
Porosity: 45% This wafer was then oxidized for 1

hour at 400[ elvely@r was epirtamipday atroRspRarth, avutiendse dmtanam wal |
67 surfaces of the pores in the porous Si were covered
wi t h a t her nalbyoxdvie dn [the Hoawus Siingingdegr ywitealfBilowing drapemagnas

epitaxially grown with a thickness of 0.3 pm by CVD on the porous Si
under thé fol IG®RAIGi@nsEs ng 5 condi tions: Sour ce gas:
SiH err] Carrier gas: . Herr]
Source gas: SiH,
Carrier gas: H,
Temperature: 850°C
Pressure: 1.3 Pa
10 Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was
formed an SiO, layer of a thickness of 100 nm by thermal
oxidation. The surface of this layer and the surface
of a separately prepared Si wafer were superposed,

15 brought into close contact with each other and bonded
by heat treatment for 5 minutes at 1180°C.

The porous layer was made to be exposed at the
edge surface of the wafers and the porous Si was etched
by a certain amount, and a sharp-edged plate such as a

20 razor blade was inserted therein, whereby the wafers
were mutually separated by the destruction of the
porous Si layer and the porous Si was exposed.

Thereafter the porous Si layer was selectively
etched with an HF/H,0,/H,0 etching solution, whereby the

25 porous Si layer was selectively etched and completely

removed.

The etching rate of the non-porous Si single-



Tenper at ur e: 850[err]C Pressure: 1.3 Pa 10
Grow ng rate: 3.3 nnisec Then, on the epitaxial Si |ayer
surface, there was - fornmed an SiJerr] layer of a thickness of 100 nm
by ther nal oxi dation. The surface of this |layer and the surface

of a separately prepared Si wafer were €rposed, 15 brought into

cl ose contact with each other and bonded by heat treatnent for 5

m nutes at 1180[err]C. The porous |ayer was nade to be exposed
at the edge surface of the wafers and the porous Si was etched

by a certain appsphl 8RdcRe SHSEPs SRR Phed o tdiEnGSsdluttbn wdfzor bl ade
was inserted therein, whereby the wafers were mutual ly separated by

t he destructleﬁtﬁéméhy low so PRADUShS nbaySdroid 18LeDOsOLS Showds
exposed. Thereafter the porous Si |ayer was selectively

etched with aa pFaERO2AHPY séghigibbel fiilonthidlenedy tdduclbon. porous Si

| ayer was sel ectively etched and conpletely r enoved. The
etching rate of th&nnthipomausesi theéngleould be obtained, on the Si

- 68 - crystal in the above-nentioned etching solutlon was
extrenel § Iomp§éd9hﬁ%1mhean§hn9b¢09§Y$ﬁ§érSbnl?Y@ﬁoﬁéda thickpeps aefical |y
negligible filmthickness reduction. In this manner there could
be obtai ned, Bn?tHB,Swhigh wagyngt pffaFtadsphghelchysthe splealEyeof a

EQ:EEPESZ of etching o% LngLnl mhlch was not affected at all by the

The cross-sectional observation with a
transmission electron microscope confirmed that the Si

10 layer did not show introduction of any new crystal
defects and maintained satisfactory crystallinity.

Also similar results could be obtained even
without formation of the oxide film on the surface of
the epitaxial Si layer.

15 The first Si single-crystal wafer was subjected to
the removal of the remaining porous Si and was used
again as the first substrate.

[Reference Example 1]

A 5" p-type Si wafer having a thickness of 625 um

20 and a specific resistivity of 0.01 Qcm was prepared and
was subjected to anodization in an HF solution under
the following conditions.

Current density: 7 mA/cm?

Anodizing solution: HF : H,O0 :C,HOH =1 : 1 : 1

25 Time: 11 minutes

First porous Si layer thickness: 10 um

Porosity: 15%



etching of porous Si. The cross-sectional observation with a

transm ssion el ectron m croscope confirnmed that the Si 10 | ayer did not
show i ntroduction of any new crystal defects and nai nt ai ned
satisfactory crystallinity. so simlar results could be
obt ai ned even without formation of the oxide filmon the surface of
the epitaxial Si. layer. 15 The first Si single-crystal wafer was
subjected to the renoval of the renmining porous Si and was used
again as the first substrate. [ Ref erence Exanpl e 1] A 5"
p-type Si watgenhaving a thickness of 625 [err]m 20 and a specific
resistivity of 0.01 [err]cm was prepared and was subjected to

anodi zati on i n anCHerealtutiensitpcder 25 mayba®fol |l owi ng conditions.
Current density: 7 mA/ cnferr] Anodi zi ng solution: HF :
Herr]O : derr] H énci@einglsolttion: 28F : HO : T¢HMgOH = 1 : 3 : 2 11

m nut es First porous Si Ia¥er thi ckness: 10 pm

Porosity: Timet50, 0 mlnutes - 69 -
t hen; Current density Anodi zi ng

sol utiof: HF : HE&CPPS POEP&?rFH[éPYFEchlfkne§s' 33 um Ti me:

20 mnutes 5 Second porous Si ggyer thi ckness: 13 [err]m

Porosity: Porosaiy, s

This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered

10  with a thermal oxide film.

Thereafter the bonding and separation of the
wafers were conducted in the same manner as in Example
8.

As a result, the porous Si layer, which should

15 remain uniformly on the single-crystal Si of the second
wafer after separation, showed partial peeling off.

This is presumably because the porous Si layer of
the high porosity could not withstand the stress and
was broken in the step subjected to heating.

20 [Reference Example 2]

The surface layer of a first single-crystal Si

wafer was made porous by anodization in an HF solution

under the following conditions:

Current density: 7 mA/cm?
25 Anodizing solution: HF : H,O :C,H,OH = 1 : 1 : 1
Time: 5.5 minutes

Porous Si thickness: 6 um



Thi s, wafer was then oxidized for 1 hour at 400[err]C ~in oxygen

at nosphere, whereby the internal wall surfaces of .tthe pores in the
porous Si were covered 10 with a thermal oxide film
Thereafter the bondi ng and separation og t he waf ers were conducted
In the sane manner as in Exanple 8. - As a result, the
porous Si | ayer, which should 15 remain uniformy on the single-crystal
Si of the second waf er after separation, showed partial peeling off.
This is presumably because the porous Si |ayer of t he hi gh porosity
coul d not w tdpgd@nd the stress and was broken in the step subjected
to heating. 20 [ Ref erence Exanpl e 2] The surface | ayer of a
first single-crystirr@nt densitfaf er wgp magempor ous by anodi zation in an
HF sol ution under the follow ng conditions: Current
density 7 nﬁ&nnimwﬂﬂg sfution: HMadisgong s ofi en1l :HE : Herr]O
Cerr]Herr]OH=1: 1 1 Ti nme: 5.5 mnutes
Porous Si thi cknedsimes [err] m 0.5 minute - 70
t hen; Current density: 70 nA/cn[err]
Anod| zimg sol ut i orfOTgYs S qkoessg M Herr]OH=1: 1 : 1
Ti me: 0.5 mnute 5 Porous Si. thickness: 5 pm

This wafer was then oxidized for 1 hour at 400°C
in oxygen atmosphere, whereby the internal wall
surfaces of the pores in the porous Si were covered
with a thermal oxide film. Then a single-crystal Si
10 was epitaxially grown with a thickness of 0.3 pm by CVD

on the porous Si, under the following growing

conditions:
Source gas: SiH,/H,
Temperature: 850°C
15 Pressure: 1.3 Pa
Growing rate: 3.3 nm/sec

Then, on the epitaxial Si layer surface, there was
formed an SiO, layer of a thickness of 200 nm by thermal
oxidation. The surface of this Si layer having the SiO,

20 layer formed thereon and the surface of a separately
prepared Si wafer (second substrate) were superposed,
and brought into mutual contact.

Thereafter the wafers were separated in the same
manner as in Example 8. After the separation, the

25 thickness of the first porous layer of the low
porosity, remaining on the surface of the epitaxial

single~crystal Si, which was transferred onto the



This, waf er was then oxidized for 1 hour at 400[err]C i n oxygen
at nosphere, whereby the internal wall surfaces of the pores in the
porous Si were covered with a thermal oxide film Then a
single-crystal Si 10 was epitaxi aI_I% grown with a thickness of 0.3 pm
by CvD on the porous Si, under t & Tol l ow ng grow ng
condi tions: Sour ce gas: SiHerr]/Herr]
Tenper at ur e: 850[err]C 15 Pressure: 1.3 Pa
G ow ng rate: 3.3 nm sec ~ Then, on the epitaxial Si
| ayer surfacgephh@r@d@econd wafb Madsaho® Qe olrn i@ tRet hi ckness of
200 nm by t her nal oxi dation. The surface of this Si |ayer having the
Siderr] 20wafehaydlane)r Fad tUhey gorcard sih@agunibaes 19f desigpgeat el y
prepared Si wafer (second substrate) were superposed, and brought
into nutual e@ittdeins. As a resullhergakireetidhd ngafwearnth &y e separated in
t he sane manner as in Exanple 8. After the separation, the 25
t hi ckness of HF@#, 0} /K0 pécbisgl spdutdbnt héhkeowhicknesspoifoshey, renmai ni ng
on the surface of the epitaxial single-crystal Si, which was
transfefred &Rigaxi®@l single-crystal Si layer which should rempin
separated second wafer., was not uniformwthin the waf er pl ane, and
t he porous SiW%Qdﬁﬁiﬂ%F"Héglmﬁfs showsdyan disPI&DS, result, after
etching with an_ | HF/ H20)12/ H20 et chi.n 2% ution, the thickness of the 5
opi taxial si SHEECRITAAT dPTeRiar A Grheth & aRmSFCially

available Si wafer.

[Effect of the Invention]

10 According to the present invention, there can be

provided a composite member for production of a

semiconductor substrate, and a process for producing

the semiconductor substrate, scarcely generating

destruction of the porous region prior to the

15 separation of the substrates and showing excellent
reproducibility in the location of separation in the

porous region.



Wi th, a uniformthi ckness showed an I'n-pl ane distribution infe

rior to
that of a comercially avail able Si waf gL {Efcdﬁuf[n%G ‘
Invention] .10. - - -According to the presen} i|nRBMUAGED t%&%&an b2

substrate,
scarcely g
separation

provided a conposite member for productign_of i SEMLERAAUCT @rpaged .....oo- :
TIﬂllﬂ!HHﬂﬂsﬂ “ r produci ng 72 D;éﬁ?i%‘ﬁd c1.Ar9B uRStaeat 2.4
R i estruction of the SIDLSE o R Iy Or  {fhaebe.. .
[

L

/ Q
of the substrates and show ng excel[lﬁkﬂwmg@S-Pae
in the location of separation in the

0

pQ LD Pbsiragi orf Paged -

-72- wHAHAT Sl S1GIMEVERS:S: J—A—-pTOCESS 1 Or produci ng a
sem conduct or substrate conprising the steps of: prepari ng
a first substrat e lhaviangpreodeesso forr eioducing aamemd comkiuaiioaus '

sem conductor |ayer arranged on the por ous region; ' bondi ng

t he non- por oibsdiriaden dwotpori simgerthep steps of:second substrate;
separating the bonded first and second substrates 10 at the porous

regi on;
separated second substrate;

and

prepanigign\d g nistie SYRSERS tee diayid Nde MaibfitRy SO ragien
wherein the porous region is

f or med

such that thénd 2@ NEHRAFOYSFVH EHIHY S9&ET iBH1PI 29 ithet  por ous

| ayer %g;acent t o, t he non-porous sem conductor |ayer and

15

10

15

20

25

rous region;

bonding the non-porous semiconductor layer to a
second substrate;

separating the bonded first and second substrates
at the porous region; and

removing the porous region remaining on the
separated second substrate:;

wherein the porous region is formed such that the
porous region comprises a first porous layer adjacent
to the non-porous semiconductor layer and a second
porous layer having a higher porosity and a smaller
thickness than those of the first porous layer, and
such that the thickness of the second porous layer is
not more than 80% of the thickness of the first porous
layer and the porosity of the second porous layer is

from 30% to 60%.

2. The process according to claim 1, wherein the

separation takes place at the second porous layer.

3. The process according to claim 1, wherein the

porosity of the first porous layer is less than 30%.
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a second porous |ayer having a higher porosity and a smal | er
t hi ckness than those of the first porous | ayer, - _and such-that—the
t hi ckness of the second porous |ayer is - not nore than 80% of tﬂe

t hi ckness of the first porous 20 | ayer and the po ml “I E ond
porous | ayer is from30%to 60% 73 ' mmﬁ “) “*

according to claiml1, wherein the : separation'IaRescplbce at the
second porous |ayer. 25 3. The process according to claiml
wherein the porosity of the first porous |layer is |less than 30%

- 73- 4.4. ThBepPhRe8sS 28662HThRdthOcthadnml, whBekghn thiRe
t hi ckness of the second porous layer is not nore than 50% of that of

the first poreHsckagek. of the second pbrousheage@Cessnatcabdienghba claim 1,
wherein the t hi ckness of the second porous layer is not nore than 3
[err]m 50% of thét olfe theoddsstapoapdisngayercl aim 1, further 10
conprising formng a porous region anew on a substrate obt ai ned by
renovi ng the porous region remaining on the separated first
substrate, utilizing the obtained substrate again as the first

substrat & and bondPng e ProcesspylCsOFedrgulbst caedm d .amdEeFeimdéResecond

substrate. 15 .
thickness of the second porous layer is not more than 3

pm.

6. The process according to claim 1, further
10 comprising forming a porous region anew on a substrate
obtained by removing the porous region remaining on the
separated first substrate, utilizing the obtained
substrate again as the first substrate and bonding the
obtained substrate to another new second substrate.
15
7. The process according to claim 1, further
comprising utilizing a substrate obtained by removing
the porous region remaining on the separated first
substrate again as the second substrate, and bonding
20 the obtained substrate to another new first substrate
having a porous region and a non-porous semiconductor

layer provided on the porous region.

8. The process according to claim i, wherein an
25 insulating layer is formed on a surface of the non-
porous semiconductor layer of the first substrate and

then bonded to the second substrate. ot e
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7..The process according to claim1, further conprising utilizing a
substrate obt ai ned--by- r enovi ng t he porous region renmaining on the

sepa substrate again as the second substrate, and bonding
Em@ H'i'l‘mw bstrate to anothergpew first substrate " having a
poro on- por ous sem conduct or | ayer provided on the
porous regi on. 8. The process according to claim1l, wherein
an insulating layer is formed on a surface of the non- * por ous
sem conduct or layer of the first substrate and t hen bonded to the
second substrate. 9. The process according to claim 1, whéfein an

9. The process according to claim1l, wherein an I nsulating layer is
forned on a sims‘tekae:i@l‘g tlrae’ese(i@ndormed ors @b sturdeceapd thenskopddd to the
first substrate. The process according to claim1,
further Suﬁﬁ?fﬁ%lw tﬂ’i@nstb@pld@ld rtEhdhendimsd sobsksaitegi on

remai ni ng on the non- porous sem conduct or | ayer of the separ at ed
second substrate 11. The process according to claim1,

wher ei n h‘éi substrate is a ondtict or 1waf er with a
di arreter of 6 inc ee§§°°§rﬁ? WEEHH &g ous |ayer

has a th'Ckr'€§h§¥1sbﬂqaﬁhe %ﬁ:dfnremoég%g the pofE%s EQEECBIOCGSS

accor di ng to erern
remaining on the non-porous semiconductor layer of the

separated second substrate.

10 11. The process according to claim 1, wherein the
first substrate is a semiconductor wafer with a
diameter of 6 inches or less, and wherein the second

porous layer has a thickness of 1 nm to 1 pm.

15 12, The process according to claim 1, wherein the
first substrate is a semiconductor wafer with a
diameter of 8 inches or more, and wherein the second

porous layer has a thickness of 1 uym to 3 um.

20 13. A semiconductor substrate produced by the

process according to claim 1.

14. A composite member for a semiconductor
substrate, comprising a first substrate[ a porous
25 region provided on the first substrate, a non-porous
semiconductor layer provided on the porous region, and

a second substrate provided on the non-porous
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fi.rst substrate is a sem conductor wafer with a di aneter of 8- inches
or nore, and wherein the second porous | ayer has a thickness of 1
[errfmto 3 [err]m 20 13. A sem conductor substrate produced
by the - process according to claiml. 14. A conposite
menber for a sem conduct or substrate, conprising a first substrate,
a porous 25 region provided on the first substrate, a non-porous

sem conductor | ayer provided on the porous regi econd
substrate provided on the non-porous (ﬂ"I“ﬂ "III""IIIIH“IS
REPLACEMENT SElk&onductor layer; _ .o * € L -m75s-

sem conduct or | ayer; wherei n the porous region consists

essentially of wherednf ithet ppebads regien adnpeeskst a tthesropopoueus
sem conductor | ayer and a second porous |layer having a 5 hi gher
porosi ty andlayemakdgacehitcicoeshet han-pbosasosemnicondutherf ilagerpor ous

| ayer, and wherein the thickness of t he second porous |ayer is not
more than 80%ndf at second porpmiscleyes bavilng i hdghesr @egrdsdyar amdd t he

porosity of the second porous layer is from30%to 60% 10
15. TheSconpdsiSiéldeméhigkesss Hparo thiogemof the firstmorgus the porosity

of the first _porous |ayer is |les t han 30%
l%yer, an%yw%erein the thickness of éhe second porous

layer is not more than 80% of the thiékness of the
first porous layer and the porosity of the second
porous layer is from 30% to 60%.
10
15. The composite member according to claim 14,
wherein the porosity of the first porous layer is less

than 30%.

15 16. The composite member according to claim 14,
wherein the thickness of the second porous layer is not

more than that of the first porous layer.

17. The composite member according to claim 14,
20 wherein the thickness of the second porous layer is not

more than 3 pum.

18. The composite member according to claim 14,
wherein the first substrate is a semiconductor wafer
25 with a diameter of 6 inches or less, and wherein the

second porous layer has a thickness of 1 nm to 1 um.
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15 16: The conposite nmenber according to claim 14, wherein
t he thickness of the second porous |ayer is not nore than that of
the first porous |ayer. 17. The conposite nenber according to
~claim14, 20 . wherein the thickness of the second porous |ayer is not
nore than 3 pm 18. The‘cgﬁpﬁsite menber according to claim
14, wherein the first substrate is a sem conductor wafer 25 W th
a dianeter of 6 inches or less, and wherein the second porous | ayer
has a thickness of 1 . nmto 1 pm ' 19. The conposite

menber according tpy cl afa ]cc\tﬁpqtl%o%‘ite MRS Bl didP e Ubsifift®y i S a

sem conduct or waf er di ameter of 8 1 nches or nore, and wherein

t he SerREEe DOTONS FEYSE HASsErd i s SssélidodAidddr tafed errim 5

20. The process according to claim1, wherein anodi zation is
utilized withystish@ngieametéheof®didcigs or moreurdrehtwhidddid heheel apse of

time to forma plurality of | ayers different in porosity. 10
21. The processcamndoporogst bayenimaOa vihibrlkness of 1 jmetd i3 gimporous
| ayer has a thickness of at |east 3 [err]m 15 22. The
process according to claim1l1, wherein
20. The process according to claim 1, wherein
anodization is utilized with a change in the anodizing
current with the elapse of time to form a plurality of
RN 0 Y
10 * c L M s *
21. The process according to claim 20, wherein

the first porous layer has a thickness of at least 3

pm.

15 22. The process according to claim 1, wherein
when forming a plurality of porous layers different in
porosity by anodization, the composition of the
anodizing liquid is changed to effect anodization,

thereby varying the porosity.

20
23. The process according to claim 1, wherein
when changing the composition of the anodizing liquid,
at least a component of the anodizing liquid is
individually added to the anodizing liquid during the
25 anodization to vary the porosity.

24. The process according to claim 1, wherein
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when.formng a plurality of poroué | ayers different in porosity by
anodi zation, the conp05|t|on of the anodi zing liquid is changed to
ef f ect anodlzatlon 7 “thereby varying the porosity. 20

23. The p o claim1l, rein when changi ng t he
conpositi ﬂﬂmmﬂﬂmm m‘g l'i quid, \Mﬁ at | east a conponent of the
anodi zing lfigGidtist s |nd|V|duaIIy added to the anodizing liquid

during the 25 anodi zation to vary the porosity. 24.- The
process according to claim1, wherein when formng a

plurality of wB%hOLf%rh@LYxﬁr 2 ghiieneRt 02 porous 1RYELS Wi drkranadiszation,
both the anodi zing |iquird conposition and the anodi zing current are

changed to porosit§f b§chnble zaradinZ atiodh thzebeldyiivanyg N4 duikl porosity.
5 25. The process according to claim 1, wherein the

anodi zi ng Cukoibsitishopped the anodizingheuwrawnde adfe changed aodi zati on
the substrate is taken out fromthe anodi zing liquid; the
conposition e&ffidot aiedianiodd za¥lon, [Hherietbyovadyd ngetthengafostitey .anodi zi ng
current is changed; the substrate is again imersed in the
anodi zi g |i quid; and the anodizing current is allowed to flowto
thereby re-start the anodization. 15 26.. The process according
to claim1, whereidPthdhe process according to claim 1, wherein the

anodizing current is stopped to flow in the course of

anodization; the substréte is taken out from the

anodizing liquid; the composition of the anodizing

10 liquid or the setting of the anodizing current is
changed; the substrate is again immersed in the
anodizing liquid; and the anodizing current is allowed

to flow to thereby re-start the anodization.

15 26. The process according to claim 1, wherein the
porous layer, adjacent to the non-porous semiconductor
layer and having porosity smaller than of other

regions, has an in-plane fluctuation in thickness not

more than 35%.

20
27. The process according to claim 1, wherein the
first porous layer has a thickness of 5 ym or more, and
wherein the second porous layer has a thickness of 3 um
or less.
25
28. The composite member according to claim 14,
wherein the first porous layer has a thickness of 5 um
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porous | ayer, adjacent to the non-porous sem conductor | ayer and

.-having porosity smaller than of other regi ons, has an in-plane
fluctuation . in thickness. .not nore than 35% 20 27. The
process according to claiml1, wherein &Ee first porous |ayer has a
th| ckne lll.ml"niuﬂmlmll and = 78hérein the second porous iayer has a
thlckne or | ess 25 28. The conposite nenber
accordlng t6 chai'm £a, . wherein the first porous |ayer has a thickness
of 5 pm - 78 - or nore, and wherein the

second porous | ayer hag & LDl ekiesSdort ARSSus Exsyer has =

thickness of 3 pym OT less.
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