o f
i

-2- - 4. a well formng step can be omtted;

| at ch-up can be prevented; and 6. a fully depleﬂgﬁopnélé>effect
transi stor can be made by a thin filmformation. 5 qigese
features are detailed, for exanple, in - 1 - Special Issuggo 12667
"Single-crystal silicon on non-single-crystal i nsul atops”; edited by
G W Cullen, Journal of Crystal Growth, Vol. 63, N#Is3, am@ 429-590
(1983)." 10 Also in recent several years, nany reports have

been published on the SO substrate for realizing a hi gher speed and
a | ower power consunpt SUBSTRATEe AND PRODUCIION METHODSAHERFOFey ence 1994).
Al so use of the SO substrate allows to shorten devi ce/process
steps, since 15 t he presence of an insul ator Iayer under the device
sinplifies the device isolati Process i i N conpari wW-Lh—t-he case
of device forrﬁﬁg&(ﬁR%‘l’lNB ¢t QH%| W4ERFION Thus|, THIG SHEESHAS BEENG[t h t he

MOSFET or 1C for o] bul k Si, there is} expe®REpHAGED ot al
reducti on of té%éfgdog éﬁﬁfe?v%%gfoﬁnd t he process '

| a
hi gher . 5 perfofﬂ@né esent nventio%lgﬁf££é§u£§r%néggh%8|erdepleted

MOSFET i s expect o achi eve a sSpee OWer ~ power

consunpt i on by + SREOMEHEA! s@ﬁléoﬁéuatGE QGMEEra % af@ morhreshold vol tage
(V+h) of the FET is generally determned by the Inmpurity
coneentrati on gdrtiurdBIyes method PEGE | PPoddBEng naCQéﬂleénaGétéyl ly
depl et ed MOSFET

substrate adapted for the formation of an electronic

‘device or an integrated circuit in a single-crystal
10 Semiconductor layer on a dielectric separation layer or
an insulator, or in a single-crystal compound
semicoﬁductor on an Si substrate.
Related Background Art
The formation of a single-crystal Si semiconductor
15 layer on an insulator is widely known as semiconductor-
on-insulator (SOI) technology, and varioue researches
have been made because the device utilizing the SOI
technology has various advantages that cannot be
attained in the bulk Si substrate utilized for the
20 preparation of ordinary Si integrated circuits. More
specifically, the use of the SOI technology provides
the following advanfages:
.1. dielectric separation can be easily conducted
to attain a higber degree of integration:
25 2. radiation resistance is excellent;

3. a reduced stray capacitance can be reduced to

attain a higher speed;
' ' This Sheet Has Been Reli

AN




-3 : utilizing the SO structure, the thickness of the
depletion layer is also affected by the filmthickness. of SA.
Consequently, in order to produce the | arge- area integrated
circuits with a high production yield, _ _ there has strongly been
desired the uniformty of the SA frlmthickness. Al so
the devices fornmed on the conpound sem conduct or have excel |l ent
features, such as a high speed or |ight em ssion, which are not
achievable with 10 the silicon substrate. Presently such devices are

mostly formed by epig.axisilweiIoOVdrmiihgd S8 @4 be omittsrid conduct or
substrate such as GaAs or the like. However, such conpound

sem conduct or subst mat e ltch-up cardeMpaeketfedX Eardsi veness, a | ow
mechani cal strength, 15 difficulty of preparation of a |arge area wafer
and the like6. a fully depietiegly fifelsl&ffgatyditansigtmer edmas been

made an attenpt to heteroepitaxially grow a conpound

sem conduct or & ssihy @ rEhddy &ilhifarmatiorp i nexpensi ve,

mechani cal |y strong and can be easily .. prepared with a |l arge area.
The invesBi gations JNeS% fetires e dat@idgd, for examplig.qtid have been
active from1970's.. I.n the initial period, there have been

i nvestigated a RECHS SusRy het eroepitaxially growi ng a single-crysta

2;' i con on "Si%@[ ierlyg?ﬂfﬂg ssﬁ&%{a'nr{ %ga%%i{-r E-ﬁjl(es-%sﬁia'li con on
pphire), and a 0 ormng the structure
insulators"; edited by G. W. Cullen, Journal of Crystal
Growth, Vol. 63, No. 3, pp.429-590 (1983).

10 Also in recent several years, many reports have
been published on the SOI substrate for realizing a
higher speed and a lower power consumption in the
MOSFET (IEEE SOI conference 1994). Also use of the SOI
substrate allows to shorten device process steps, since

15 the presence of an insulator layer under the device
simplifies the device isolation process in comparison
with the case of device formation on a bulk Si wafer.
Thus, in comparison with the MOSFET or IC formed on the
bulk Si, there is expected a total reduction of the

20 wafer cost and the process cost together with a higher
performance.

In particular, the fully depleted MOSFET is
expected to achieve a higher speed and a lower power
consumption by improvement of a driving power. The

25 threshold voltage (V+h) of the MOSFET is generally
determined by the impurity concentration of the channel

portion, and in case of the fully depleted MOSFET



-4- ' dielectric separation utilizing oxidation of porous S
(FIPCS: full isolation by porous oxidized silicon). The FI PGS
met hod consists of form ng islands of N type Si |ayer on the
surface of a P-type single-crystal 5 _ 3Si_ substrate by proton

I npl antation (lmai et al., J. Crystal Gowh, Vol. 63, 547 (1983)),
or by epitaxial grow h and patterning, then nmaking only the P-type
Si substrate porous by anodizing in HF solution so as to

surround the Si islands fromthe surface side, and 10 achi evi ng
dielectric i sohttlbning the S8bIyptractuséantlse thicknéysaegetheat ed
oxidation. Since in this nethod the I solated Si island is determ ned
prior to the déepletion layemnisasiseiaffected byetheefilbm thidkmnese

desi gni ng nay be limted. 15 An oxygen ion inplantation
met hod is cal |@f SPROX Consequepthyd, inerdenato oprgfivae| Yhecparged by K

| zum . After oxygen ions are inplanted with a concentration_of
10[err] to 10[%¥%3/tabegretedrcirovhierwith ashighepredugtrian yield, hjgh
tenperat we of _about, 1320C i n_an argon: oxyge 20 , at nosphere, whereby
t he inplg%ted %&?ﬁ%ﬁh?%n§t5%ﬂ%f¥ebeéh des%%%% EﬁanBﬁEOETb ©5 B8Rt h
correspondirm)ééktf¥im thick@é§+eCted stroke (Rp) of the ion inplantation
to forma siTicon oxidé Tayer. In this operation, an Si |ayer

present on the oxi Ared hd!E0P: 48y foffish B CenéScompdlily Phous by oxygen

ion inplantation recrystallizes to forma singie-crystal silicon
llayer. The nuriii®dnductor K@&CdEceINdhe Sedt@sEs Sl sh@l €4sWaShAgnhhi gh as

10[err]/cnerr],

speed or light emission, which are not achievable with

10 the silicon substrate. Presently such devices are
mostly formed by epitaxial growth on a compound
semiconductor substrate such as GaAs or the like.
However, such compound semiconductor substrate has
drawbacks of expensiveness, a low mechanical strength,

15 difficulty of preparation of a large area wafer and the
like. |

In view of 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.

The investigations on the formation of the SOI
substrate have been active from 1970's. In the initial
period, there have been investigated a method of

25 heteroepitaxially growing a single-crystal silicon on
an insulating sapphire_substrate (SOS: silicon on

sapphire), and a method of forming the SOI structure by



-5- - but has been reduced to about 102/ cn2 by maintaining the

I npl ant ed anmount of oxygen ions at about 4 x 10[err]/cnferr].

However, since the inplantation energy and the i mpl ant ati on anount
are I|n1ted to a narrow range in 5 order to maintain desired film
quality of the Si oxide | ayer and desired crystallinity of the
surface Si | ayer, the thicknesses of the surface Si |ayer and the
burried Si oxide (BOX: burried oxide) |ayer have been limted to
speci fied values. Therefore, for obtaining 10 the surface Si |ayer of a
desired filmtdiskaessici separatiohaatheeningcessdayibn eff poiroascsifi ced
oxi dati on or epitaxial growh. In such case, there is a problem

t hat the unifoffIPgsSof fuhdk isbhathonkbpsporeusnexiddbed silicondeteri orated
since the deterioration of the uniformty 15 of the filmthickness due
to such process is TheecHIP@S methodtgengisgenaf £prmingi éehapds of N-

di stribution. It has al so been reported t hat the BOX | ayer
contai ns a regr¥pe Thilayerpppetheqpupfpeet pfea P tYPefﬁFﬁE@?oﬁrUﬁtSﬂ

oxi de. One of the causes of_ su efective format s faqreign
ot fors Soh AL esEracs’ by BaEon palaREREAOR: kIRAE B8 Bhon 9 such

ELBSorEPﬁgesub%wsef REMR! Vo Tr FFn SRL 08D T bk By HiTERRIELD o
The ion inpla 'eﬂ Qﬁdtﬁgtééﬁgmﬂg?tQﬂgnmhéﬁiﬁg only tharﬁgiyﬁgnggt of |

I mpl antation i conpariso
substrate porous by anodizing in HF solution so as to

surround the Si islands from the surface side, and

10 achieving dielectric isolation of the N-type Si islands
by accelerated oxidation. Since in this method the
isolated Si island is determined prior to the device
manufacturing step, the freedom of device designing may
be limitee.

15 An oxygen ion implantation method is called SIMOX
method, which was originally reported by K. Izumi.
After oxygen ions are implanted with a concentration of
10'7 to 10*%/cm? into an Si wafer, it is annealed at a
high temperature of about 1320°C in an argon-oxygen

20 atmosphere, whereby the implanted oxygen ions combine
with Si atoms around a depth corresponding to the
projected stroke (Rp) of the ion implantation to form a
silicon oxide layer. In this operation, an Si layer
present on the oxidized silicon layer and made

25 amorphous by oxygen ion implantation recrystallizes to
form a single-~crystal silicon layer. The number of

defects in the surface Si layer was as high as 10%/cm?,



in the:ordinary sem conductor process requires a |ong

- 6- i nplantation time even by using an devel oped apparat us
exclusive for this purpose. Since the ion inplantation i s conduct ed
by rester scanning with an ion beam of a predeterm ned current or by
expanding an ion beam it 5 is anticipated to require a |onger time

W th increase in area of the wafer. Al so the high-tenperature heat
treatment of a wafer having a |arge area is antici pated to becone
nore difficult, because of the generation of - probl ens such as slip

due to the te”Bﬁ"tahH‘sebelan rediutied R aBout 12 pchhyaifintaAsind)ecnd MOX
nmet hod requires a heat treatnent at 1300C or higher which i1s

not usually enungyedted bheuhit SETokggenCiohspicabdut 4 x L0EHRmE.i s
concerned an increase in the problens to be sol ved such as apparat us
devel opnment, nHbakevel’ sincentthe daplentatdos emergy and the In addition
to the conventional SO formng nmet hods descri bed above, there is
recently cont edppdppgation amgumi hge dimised f9 & 9@#@P@ oepgealins
substrate to another thermally oxidized sin -crystal Si substrate

20 by Reat PrégrndRt meinfain gdesidrdsitidm guadd n°Fh§hSOﬁ1 oxide

structure. In this nethod, an active Iﬁxgr for&& hﬁ? fqrnatlon has
to be formed ad2¥eEnPPdr festred Frysta 1n1q§ FHEEERE $la

i Crometer o hado¥Te s thi HaRasgs,of, R, NERPSE A1 NEYBFuddolt e
M crometer or pyrrijed 83SoxlleS (BOXTELLPR18H bRIdRT 1alelrhateCRaduct €d by
limlted to specified values. Therefore, for obtalnlng
10 the surface Si layer of a desired film thickness, it
has been necessary to effect sacrificed oxidation or
epitaxial growth. In such case, there is a problem
that the uniformity of the film thickness is inevitably
deteriorated since the deterioration of the uniformity
15 of the film thickness due to such process is added to
the original film thickness.distribution.

It has also been reported that the BOX layer
contains a region, called "pipe", of defective
formation of Si oxide. One of the causes of such

20 defective formation is foreign matters such as dust at
the implantation. In the portion of such pipe, there
is generated a leak between an active layer and a
sﬁppbrting substrate to deteriorate the device
.characteristics.

25 The ion implantation of the SIMOX method with a
larger amount of implantation in comparison with that

in the ordinary semiconductor process requires a long



t hrree nmet hods as descri bed bel ow.

-7- 1. nmethod of thin filmformation by polishing

2. nethod of thin filmformation by |ocal plasm et ching

3. nethod of thin filmformation by selectige. 5 " etching. By
t he above nethod 1, it is difficult to provide an uniformthin film
by polishing. In particular, fluctuation in thickness becones as

hi gh as several tens of percent in case of formng a thin film of

sub- 10 m cron thickness, and the formation of an uniformthin

fil mbecomes a LimpJentatiloemtifiec etiehl byulusingf an develioped Rppartatus fil m
becones severer with increase in a waf er di aneter. I n

t he above net hoeéxgzlusfitver floar lvig purposef.i | Hinte theofiogmbdmplantatd.qmm by
the grinding of the nethod 1, thi ckness distribution is neasured in
many poi nts oveds conductied byt restey sgeandng MHdh greden beem of iss

conduct ed whi | e scanni ng a pl asna_beam of di anet,er of several
nm for exanpl ePredederained gurgend. O RY EHP a@olon.ﬁpgph- i on on

|
(e basi s of on e TRAALRDA o reciBh LPULLRD, UIBEER Lo g g Ml
e e & 14! Publtsacss Rl "o ol cemperacie MBI
particle functi @@gatent of a wafer having a large area is anticipated
to become more difficult, because of the generation of
‘problems such as slip due to the temperature
10 distribution within the wafer. As the SIMOX method
regquires a heat treatment at 1300°C or higher which is
not usually employed in the Si semiconductor process,
there is concerned an increase in the problems to be
solved such as apparatus development, metal
15 contamination and slip.
In addition to the conventional SOI forming
methods déscribed above, there is recently contemplated
a method of bonding a single-crystal Si substrate to
another thermally oxidized single-crystal Si substrate
20 'by heat treatment or with an adhesive to obtain the SOI
structure. In this method, an active layer for device
formation has to be formed as a uniform thin film.
Stated differently a single-crystal Si substrate of a
thickness of several hundred micrometers has to be
25 formed as a thin film in the order of a micrometer or
lesé. This formation of the thin film is conducted by

three methods as described below:



an etching mask, so that a projection is fornmed on the substrate.

- 8- Al so as the surface after the plasma etching is

coarse, there is required a touch polishing operation is required
after the plasnma etching, but the _dpfficulty in the control of the
final filmthickness 5 and the deterioration of the filmthickness
distribution by the polishing operation are pointed out since the
pol i shed amount is controlled by the polishing tinme. Besides, as the
pol i shing materi al such as colloidal silica cones into direct
contact with 10 1 he metliad cobftiain afilm efdryation bepebislstngg
operation, there are concerned the formation of a crushed | ayer and
t he generation of a Zwr kieghed ref nthin f£ilmuEoxmathen pbyi tdcal pbaswai on.
Furthernore, as the waf er area becones | arger, the plasnma etching
time 15 i n@ted¥irg proportionally with increase in the wafer area
to possibly lead a significant decrease in a . throughput.

The above method 3 cdnsi®ethed ?ﬁcﬁﬂ%ﬁrﬁf%Wnf°rmatl%ﬂvgﬁd%e§9%ﬁ%§?rate to

be fornedﬁ%nto q:gpjn film 20 structure which can be selectively
r ©tCMample, on a P-type substrate, a thin Plerr]-type S

cont 2l o bor bl Yhudla 3 CACENL | SERILGL« WL LI L38O

et ched.
| ayer

nore and a thin P-ty

growt h to obtaig}, g,f{
second substrate wt

10

15

20

25

|ayer are stac exanp

fluctuation in thickness becomes as high as several
tens of percent in case of forming a thin film of sub-
micron thickness, and the formation of an uniform thin
film becomes a large problem. The difficulty of
forming a thin film becomes severer with increase in a
wafer diameter.

In the above method 2, after forming a thin film
of ébout 1 to 3 pym by the grinding of the method 1,
thickness distribution”is measured in many points over
the entire surface and then plasma etching is conducted
while scanning a plasma beam of a diameter of several
mm, for example, of SF, to correct the thickness
distribution on the basis of on the measured
distribution, thereby forming a thin film of a desired
thickness. It is reported that this method have
achieved a film thickness distribution of about + 10
nm. However, if a particle is present on a substrate
during the plasma etching, such partic;e functions as
an etchihg mask, so that a projection is formed on the

substrate.

eprt axi al

#é&m%rf’iﬁn By gol Pehing SUDEL MdeeiSupdhered to a



interposition of an insulating | ayer such as an oxide film and the
first substrate is made thin by grinding

-9- and polishing fromthe rear surface. Subsequently the
P-type layer is selectively etched to expoge.the Plerr]-type | ayer,
and P+-type is then selectively etched to expose. the P-type |ayer,
t hereby conpleting the SO structure. 5 This nethod is detailedly
reported by Maszara (W P. Maszara, J. Electrochem Soc., Vol. 138,
341 (1991)). The sel ective etching nethod is considered to be
effective for obtai dlsyp asutifeorsunfiage fafitgr khe plasma etchving) ise
follow ng problens. 10 (1) a selective ratio is about 102 and is
not suf Cogrsst,; there -is requized gudiPysst inhirhing mrewaign af t er
t he etching . because the surface after the etching is coarse. As a
resul t, howeveis fRAUiFFbAfter Fhe nlasma S&YNGeRRE e o be
deteriorated wi_th decrease in_filmthi ckness. . 0 the polishing
anount is cont O3EEEFUNFY Ho the cor’&(ﬂqc"sfﬂfzd:bﬁ rfelna(}uﬁzl% (ﬁrl'fjf FTSto
control because_af t he fl.uctuati i n..t.he | i.shing rate. This is
particul arly aaf)1 olﬁhgmdler}:etrﬁémfacﬁ'lr?ﬁ %ofnq:o aq‘:nlltﬂ tér%g'c s¥ thin SO |ayer

such as of 190aiBeAtlcion by the. odli B ORI Whd ipdfifeedloleyer

i's ~insu ! e 1on 1 nplar epitaxial or
het er oepi t axi akjacaMithed HAGUHEE Hhoiht! B Ridifkrolled b aHeLNt ration

boron-doped Si layer. Al So the property

polishing time. Besides, as the polishing material
such as colloidal silica comes into direct contact with

10 the surface of an active layer in the polishing
operation, there are concerned the formation of a
crushed layer and the generation of a working strain
due to the polishing operation. Furthermore, as the
wafer area becomes larger, the plasma etching time

15 increases proportionally with increase in the wafer
area to possibly lead a significant decrease in a
throughput.

The above method 3 consists of providing in

advance a substrate to be formed into a thin film

20 structure which can be selectively etched. For
example, on a P-type substrate, a thin P'-type Si layer
containing boron atoms at a concentration of 10¥%/cm® or
more and a thin P-type Si layer are stacked for example
by epitaxial growth to obtain a first substrate. This

25 substrate is adhered to a second substrate with
interposition of an insulating layer such as an oxide

film, and the first substrate is made thin by grinding



25 of the surface to be bonded is inferior to that of the

ordinary Si wafer. The above points are reported by C Harendt
et : - 10 - al., J. Elect.
Mater., Vol. 20, 267 (1991), H Baungart- g - et al., Proceeding of the
1st International Synposium on Sem conduct or- Waf er bondi ng: Sci ence,
Technol ogy and Applications, (The El ectrochem cal Society) Vol. 5
92-7, p.375, and C. E. Hunt et al., Proceeding of the 1st

I nt ernati onal Synposi um on Sen conduct or \af er Bondi ng: Sci ence,
Technol ogy and amgplpQddishimg (fram the reat aunfageni Gubsesniently \kile 92-7,
p. 165. Al'so the selectivity of the selective etching is 10
greatly depend®ttapen l@veTeicgh @@ lec viedie &fighad die §xpose the a’e'FHﬁ&ri ty
such as boron and the steeﬂq ss of profi irrpuritexpi n the

ne file f the
direction of deR¥eT TRk réyre is thep Fﬁé?gtﬁgeggnﬁﬁepéﬂ to ose

hi gh-tenperature b i n neal.i ng for. i.ncreasin bqndi strength
or a high- 15 the %%ﬁé%at]tﬁyeere’pi SRy GBS %ﬁ&ﬁ%g& uckure.
crystallinity, | | Pust | t 'rgzw' LRGE atjon is
spread i n%t he di :}'gsc?‘!%}nﬁdo Lidée%ﬁﬁgiléﬁl) t éirtté%f c?& gral oratl nt(gf{'t tr?e' et chi ng

selectivity. T i%a, J. El%fga\?m{ﬁe%"'i Rrdihe lgg:,h!gl% ﬁ(g_lgegclt)i)v.i ty has

not 20 easily been conpati the I'nprovenent in

crystallinity and i rdhedieradiing di method is condietdd ‘to'®Rehara et
al. reported a bonding SO met hod which is free from above probl ens
and is LEFRIdtRte iAo idbBdititiges unifdrat BHdh &@idm,N but has
with the following problems.
10 (1) a selective ratio is about 10? and is not
sufficient;

(2) touch polishing is necessary after the etching
because the surface after the etching is coarse. As a
result, however, the uniformity of film thickness tends
15 to be deteriorated with decrease in film thickness.
Also the polishing amount is controlled by the
polishing time, but is difficult to control because of
the fluctuation in the polishing rate. This is
particularly a problem in the formation of an ultra
20 thin SO0I layer such as of 100 nm; and
(3) the crystallinity of the SOOI layer is
insufficient because the ion implantation, epitaxial or
heteroepitaxial growth is conducted on the high-
concentration boron-doped Si layer. Also the property
25 of the surface to be bonded is inferior to that of the
ordinary Si wafer.

The above points are reported by C. Harendt et



25 crystallinity and which enabl es a batch process (T. Yonehar a et

al ., Appl. Phys. Letter, Vol. 64, 2108 (1994)). This nethod enpl oys a
porous | ayer 32 on a first Si substrate 31 as a materia
for selective etching. After a nQn-ypprous single-crystal Si layer 33
Is epitaxially grown on a porous layer, it 1s bonded to a second
substrate 34 via an Si oxide (insulator) |ayer 5 35 (Fig. 5A). The
first substrate is nade thin, for exanple, by grinding fromthe rear
surface to expose the porous Si | ayer over the entire area of the

substrate (Fi g.alaB) .J.TiElestpoMakganr,0001SI 205, r26OVeE®P91), H. Bawigdrig
with a selective etching solution such as 10 KOH or HF + H202 (Fig.
50). In this eperadd,ofradeeding of ddiedisty dntarratfondle Ssmuvsiginof
porous Si to bulk Si (non-porous single-crystal Si) can be nade as

hi gh as oro GUEandietan Wafar henddnasubSGianceafeshndamst by

| eaving, on the second substrate, the non-porqus , 15 sl ngle-crystal S
| ayer grown i n 3y ARRLIGREIRNS o (TRe EleCtrQQQﬁﬂ%CQ&tqﬂﬁﬁeé%%/ tanti al

h [ he f] hi f . the fil hi ck
ini form 19 of 927 Bsq7%arl b Gulbt MESITY Hero AIRAPES 8 SR axi al 1y
grovi ng OPer at . AN NE S Sl GEBR chhuorbOnled [0 2 OD

apparatus enpl oyed i n e ordi nar sem con or process, there has

e bt “tar B LR AR i, kO i 1 L

Electrochemical Society) Vol. 92~7, p.165.
| Also the selectivity of the selective etching is

10 greatly depended on a difference in a concentration of
the impurity such as boron and the steepness of profile
of the impurity in the direction of depth. Therefore,
if there is conducted a high-temperature bonding
annealing for increasing a bonding strength or a high-

15 temperature epitaxial growth for improving a
crystallinity, the distribution of the impurity
concentration is spread in the direction of depth,
thereby deteriorating the etching selectivity. That is
the improvement in the etching selectivity has not

20 easily been compatible with the improvement in the
crystallinity and in the bonding strength.

Recently Yonehara et al. reported a bonding SOI
method which is free from above problems and is
excellent in film thickness uniformity and in

25 crystallinity and which enables a batch process (T.
Yonehara et al., Appl. Phys. Letter, Vol. 64, 2108

(1994)). This method employs a porous layer 32 on a



reported that the crystallinity of the epitaxial Si 25 | ayer is a
satisfactory value of 3.5 x 102/ cnR. - Porous Si was found by
Unhlir et al. in 1956 in the cour se of investigation of

el ectropolishing of a - 12 -

sem conductor (A. Unlir, Bell Syst. Tech. J . Vol . 35, 333 (1956)).
The porous Si can be fornmed by anodlzatlon of an Si substrate in HF
solution, and has a sponge-li ke shape having mnute pores which is
f or med 5 froma bulk Si by electrolytic etching. The pores have

a dianeter of &host Séveubstmwatrendileas anataftemimd \fiorh selective density,
for exanple, of 10[err]/cnR, though these are vari abl e dependi ng on
t he condi ti onsetthingdi z Afitenr ganaon-poroushsingde-trystedi $ii Jiayero33s .
10 Unagam et al. have been investigated the di ssol ution
reaction of Sl1$ne§hGéﬂiéﬂﬂEng§ﬁUnr@Bo?tE&rous 13YFHat1Fhésaﬁ@&@ﬂﬂlﬁ91
reaction of Si in HF solution qui res p05|t|ve hol_e he reaction

is as follows 2 SeCOnFTsu9ﬁ§§§ﬁF 34 VEPe@PrgéhQﬁﬁdﬁbé nSV&Ptof layeg 15

1980 2HE_+ SiE2 + 2H
gi F2 l)ZFﬁ > %FF&FigstA’ the( £k t i“stﬁéte>+ﬁ2§%§€ kenia® £9% 20

St 1 kBB, BieEEaied B, 7T’ AALE o oo, S
and an EhSCEBQBusrQ§p§5§b¥eb¥erAkﬁQ Bnti%eXa2tl b&etB%Uber of
substrate (Fig. 5B). The exposed porous Si is removed
by etching with a selective etching solution such as
10 KOH or HF + H,0, (fig. 5C). In this operation, the
selective ratio of the etching of porous Si to bulk Si
(non-porous single-crystal Si) can be made as high as
100,000 times so that an SOI substrate can be formed by
leaving, on the second substrate, the non-porous
15 single-~crystal Si layer grown in advance on the porous
layer, without any substantial change in the film
thickness. Therefore, the film thickness uniformity of
SOI can be substantially determined by the epitaxially
growing opefation. As the epitaxial growth can be
20 conducted in a CVD apparatus employed in the ordinary
semiconductor process, there has been achieved a
uniformity, for example, of 100 * 2% according the
report of Sato et al. (SSDM 95). -Also it has been
reported that the crystallinity of the epitaxial Si
25 layer is a satisfactory value of 3.5 x 10%/cm?.
Porous Si was found by Uhlir et al. in 1956 in the

. course of investigation of electropolishing of a



positiwve holes required for dissolving one Si atom and 25 It has been
reported that porous Si is forned under a condition of n > 2 or
[err] > 4. According to this report, P-type Si containing

- 13 - positive holes can be sag® porous but N-type Si is not
made porous. This selectivity of the porous structure formati on has
been proved by Nagano et al. and I nai (Nagano, Nakajima, Yasuno,
Chnaka and Kaj i war a, 5 Techni cal Research Report of Electronic
Conmuni cat i ons Society, Vol. 79, SSD79-9549 (1979): and K. _Inmai

Sol i d- st at e El semicondsctypl (A24Uh1$9,(§981) $yst. Tech. J.,| Noipe35,

conventional nethod, the selectivity of et chi ng .depends on a
difference in %%3|hb%55ﬂ9 18he P@EﬁE@n?%aF?Bnbﬁnﬁoﬁm foP¥l e thereof in the

di t f t that th t f.h

bonai o, cpi t ARAFLERELPR, ofxPhabt oRubBFESLewAPHE o10Eibg, cEReRRy ('

di stri but f th { t ;80 C
ower | n t he BifErAERGLRPEheB8 hiving miphbq bEFRECHATEN 1l FRERREC O]

determ ned bY Brom a bulk! 58 BYCE1RBLIEENL1NCRBADMG . 5! THE! HoeedNfabBe bul k

structure, t reatment 1nvolves imtalion in the heat

treatnent te”péraiaﬁstéﬂd Eaabout sevB88D h8RBMLEErac EhﬁVQBHﬂea‘t‘ walkaut
1180[err] C. For exanple the heat treatnment after bonding is known

to increase g denéh.eyboasrnexahptagt broiotremdpnenrcuyhf ehesandréo
decrease the nunber and the size of the voids generated
variable depending on the conditions of anodization and -
‘the specific resistivity of Si.

10 Unagami et al. have been investigated the
dissolution reaction of Si in anodization and reported
that the anodization reaction of Si in HF solution
requires positive holes. The reaction is as follows
(T. Unagami, J. Electrochem. Soc., Vol. 127, 476

15 (1980)):

Si + 2HF + (2-N) e" -» SiF, + 2H' + ne”
SiF, + 2HF - SiF, + H,
SiF, + 2HF - H,SiF,
or _
20 Si + 4HF + (4 - A) e - SiF, + 4H' + Ae-
SiF, + 2HF - H,SiF,
wherein e and.e‘ represent a positive hole and an
electron, respectively. Also n and A are the number of
positive holes required for dissolving one Si atom, and

25 it has been reported that porous Si is formed under a

condition of n > 2 or A > 4.

According to this report, P-type Si containing



in'the bonding interface. Also in the etching based on such
structural difference, particles eventually 25 deposited on the porous
Si do not influence the uniformty of filmthickness.

Also in case of a light-transm ssive substpgte

- 14 - generally having irregular crystalline structure as
represented by glass, a thin Si filmdeposited thereon usual |y
becomes anor phous or polycrystalline at best, - reflecting the
crystalline irregularity of the 5 substrate, so that a

hi gh- per f or rancpogd¥ive badest cha be madeppopeued byt dudiypeubdt Agt @otThi s
I s based on a fact that the substrate is annrphous and therefore a
satisfactory si mghe- ePyousl- I3?éﬁ §&ﬂﬁ§$lHétUbP§| pprous strygitare
depositing an Si_ | ayer thereon. t he ot her, hand, _t he

seni conduct or sfipEMpLien has be@ﬁpPGQVﬁ& PﬁéNﬁgﬁHPh&tnéQhoénQ
necessitates t nnstlgﬁrennved by pol i shing

or ~ etchi Ya9PRRs ﬁ%&apﬁ&aVSQQﬁuPﬁcr§§g@§ac8§9 eventual |y
resulting gn th@eghggbgpc§Q§e9§%B¢R8PoEQe ectEbﬁ%Ee@ohﬁﬁﬁ %%ioﬁf the

earth. hi's reason n-order o exp ures

of S enpl oyl ngobligehondiy HEOCEEHrolosY §39799¢an k. rfEs!red 2
nmet hod capabl e o repfoduci bl e provi di ng an substraté of
satisfactory quabhiy-ardta! sibetsen@cs?Ovol.t kag ngal i(2i98a )hhe saving of
resources and the cost reduction, for exanple by reuse of the

waf ers. Rac enkl boﬁ&&ﬂguehalehe&hodbathée geleediwingt bEd of

etching depends 6n a difference in an impurity
10 concentration and a prdfile thereof in the direction of
depth, so that the temperature of heat treatment (in
bonding, epitaxial growth, oxidation, etc.) which
spreads the distribution of the concentration is
" limited to about 800°C or lower. On the other hand, in
15 this method, since theé etching rate is determined by a
difference between the porous structure and the bulk
structure, the heat treatment involves little
limitation in the heat treatment temperature and has
been reported achievable at about 1180°C. For example,
20 the heat treatment after bonding is known to increase
the bonding strength of the bonded wafers and to
decrease the number and thg size of the voids generated
in the bonding interface. Also in the etching based on
such structural difference, particles eventually
25 deposited on the porous Si do not influence the
uniformity of film thickness.

Also in case of a light-transmissive substrate



reusing a first substrate which is consuned in a bondi ng step
(Japanese Patent Application Laid-Open No. 25 07-302889) .

In the above net hod of conducting bondi ng and . etch-back by using
porous Si, they adopted the - 14 - - 15 -
foll owi ng nethod instead of the step of exposing porous Si by
polishing or etching the first substrate fromthe rear surface

t her eof . After the surface region of a first Si substrate 5
41 is made porous to forma porous |layer 42, a single- crystal Si

| ayer 43 is fgenarakiky davingdirregulamn@rzstalline SYRYGFUIR 3ayer 43 s

adhered via an insulating | ayer 45 to the main face of a second S
substrate 44 wergesented by gkangard g Thet H19 derepited hemeqr g.
(Flo. 68). anditid Poromieonss | a8 (iF P LA SE REE of (e
S0 subst rat o Kook U edaiine JHRIEEIN A (0 SR TN @
appl i g % surRIRT BT S d it ey f (oL T ST cevie Semot 825 the
whol e wafers i&éepégé@céﬁoghch Subsﬁ?g.&gpdirﬁmgﬂig Qddes issi slerd@ee of the
bonded waf ers; applying a vibration energy such as ultrasonic
20 Wave;  that the s@¥dPOSatd ideamsfphtsud amd thetdorsige of the
satisfactory single-crystal layer cannot be obtained by
merely depositing an Si layer thereon.

10 On the other hand, the semiconductor substrate
employing the bonding method always necessitates two
wafers, one of which is mostly removed by polishing or
etching, thus leading to an increased cost and
eventually resulting in the significant waste of the

15 limited resources of the earth. |

For this reason, in order to exploit the features
of SOI employing the bonding process; there has been
desired a method capable of reproducible providing an
SOI substrate of satisfactory quality and at the same

20 fime realizing the saving of resources and the cost
reduction, for example, by reuse of the wafers.

Recently Sakaguchi et al. has reported a method of
reusing a first substrate which is consumed in a
bonding step (Japanese Patent Application Laid-Open No.

25 07-302889).

In the above method of conducting bonding and

etch-back by using porous Si, they adopted the



waf ers, etching the exposed portion of the porous Si | ayer by a
certain anount and inserting a razor bl ade or the like into such
etched portion; 25 exposi ng the porous |ayer at the edge of the
waf ers, inpregnating the porous Si |ayeriw th |iquid such as water,
and heating or cooling the entire bonded

- 16 - wafers to cause expansion of the liquid; or

applying a force to the first (or second) wafer in a direction
parallel to the second (or first) substrate. 5 These

met hods are b#&sddoedng mathodhdnsteadgleft tthe step afe@xpASifg Porowg h of
porous Si is dependent on the | evel of porosity, it is considered
that the streBgthy polishiggsgrf edichingy thewddnstasubedrage Fnom ghe For
exanple, if the porosity is 50% the mechanical 10 strength of a porous
| ayer i s consredregurfase ibsgeof. hal f of that of bulk Si. Thus, if a
conpressing force, a tensile forge or shearing..force.is . applied to
t he bonded R&ECETs thenSWEAGEs rgglloévé’;a i%r%"- e%’latS |Sr1-'§:ct‘-:l.t‘="llo

The porous |ayer ,can_he brok |t aker P 1se in
the | eveP of % r 88| f“?.%e-por(’%g o E?%gm%oigsﬁotm% |Cl§fl ef i4§d aasélg) rlgnt age of

pore Ve at 51 rl%ﬁzt@%ghst ?.st %rﬁﬁga%rem%,u%d)fttﬁ&%&%e

| ayer, that is,“the sumo vol une o materi a _ constituf}ng t he
porous |ayer gapdshhe BIr QayRUAB. is?@dhered vild0\®BYdnsuladiiy MRiyead

di scl osed in thé Japanese Pat ent Application Laid-Open No.
07-302889, thas to the main face of a second Si substrate 44 which
is separate from the first substrate 41 (Fig. 6A).
10 Then the bonded wafers are divided by the porous layer
(Fig. 6B), and the porous Si layer remaining on the
surface of the second Si substrate is selectively
removed by etching to obtain a SOI substrate (Fig. 6C).
The division of the bonded wafers is achieved by |
15 destruction of the porous Si laygr by:
applying a sufficient and uniform tensile force or
bréssure to the whole wafers in a direction
perpendicular to the inside face of the bonded wafers:;
applying a vibration energy such as ultrasonic
20 wave; |
exposing the porous layer at the edge of the
wafers, etching the exposed portion of the porous Si
layer by a certain amount and inserting a razor blade
or the like into such etched portion;
25 exposing the porous layer at the edge of the.
wafers, impregnating the porous Si layer with liquid

such as water, and heating or cooling the entire bonded



pdsition of separation within the thickness of the porous |layer in a
t hi ckness direction cannot be defined, so that the wafer yield was
deteriorated in 25 sonme cases because such position of separation

vari es in every wafers. Besides, -thg thi ckness of the porous

Si layer remaining after separation of the wafers has

- 17 - significant fluctuation. Therefore, even by using

hi ghly sel ective etching, the wafer yield was deteriorated in sone
cases in order to satisfy the requirenent for the highly uniform
filmthi cknesswiders 3o cagge expansion of Ahep ldiguiskip®rese Pat ent

Appl i cation Lai d-OQpen No. 8-213645 descrlbes a met hod of separation
by the porous aqp&yéng ButEFEEs trotthge Sdmiste (OFe SegPnd )s Maferudd of

t he por ous, . | ayer el.y aya et al,. of_ .So 10
reported, in PPe%FFﬁF HQ5'Q%¥§; Fctgﬁﬁré§§98pa(°r £ITRY i ed Physics

soci ety, p.673s % %Epre aration of porous Si by a change in the
current in the C0GEE pr ocessi ng. The Japanese Patent

Appl i catign Laid- OpgR N rlienok aré%%%éﬁ deser idaes thale tea%ugﬁp%%t ion

t akes pl aCe at any position of e separation |layer t hat

t he sepakehand JAaS 'stﬁ:‘é'h o al Ip@%o@@sf sieds Wepehdent@Sh the the
t hi ckness of the renaining porous Si Taye fluctuates over the

waf er, and, wheavehe gFopatpsiity,s it2@s cohsideaeddthaitc ihed staengdh ve
| ayer (device form ng
is sufficiently lower than that of bulk Si. For
example, if the porosity is 50%, the mechanical

10 strength of a porous layer is considered to be about
half of that of bulk Si. Thus, if a compressing force,
a tensilelforée or a shearing force is applied to the
bonded wafers, the porous Si layer is broken at first.
The porous layer can be broken with a weaker force by

15 increase in the level of porosity.

The porosity is defined as percentage of pore
volumg with respect to the apparent volume of a porous
layer, that is, the sum of the volume of a material
constituting the porous layer and the pore volume.

20 However, in the method disclosed in the Japanese
Patent Application Laid-Open No. 07-302889, the
position of separation within the thickness of the
porous layer in a thickness direction cannot be
defined, so that the wafer yield was deteriorated in

25 some cases because such position of separation varies
in every wafers. Besides, the thickness of the porous

Si layer remaining after separation of the wafers has



| ayer): is nore or less etched also to result in a fluctuating

t hi ckness in the plane of the wafer as |ong as the etching rate for
the active layer consisting of a non-porous single crystal is not
zero. Also even if 25 the remaining A eus Si is |left unrenoved, the
surface step coverage resulting fromthe separating position is

|l eft on the wafer. Al so the nethod described in the

above-nentioned Preprints for 1996 Fall Congress of Appl i ed Physics
Soci ety, p.673 describes that the separation takes place by the

center portiofigniffecant flugigafions; "étt?’f?ﬁﬂrefh@w&% wingyers

| bot to b F
breparing the ‘H&Mﬂﬁ}%@%@ﬁ%@fﬁ ¥hd SEREH ek 019F quat i 1y, the
etching step of d ze:hﬁoétpé’cf in some | s NP DGR QYL AE &tﬁn be

essential. The € ep requites conveyance o he substrate
into and from, qﬁﬁﬁ{ Ushi F£8RReEN terpf t

apparatus and Tet larrﬁrﬂé}ﬁ ﬁESI ng{}% t he gjbstrate after tl‘QL.::]&l{g?\ses:'.ac ng, etc.
Therefore the ggeparation time of the SO substrate can be
significantly reduced if the etching step can be omtted. 15
SUMVARY COF THE | NVEENHONhe Japanese Pitey eppifcdtivomreseiMogdivendj on is
to provide a met hod of producing a substrate, which is capabl e of

omtting a sel&@ildaFtddsonitdsem afetthod] pf ®epdmateiion O the porouwot her
object of the present invention is to

layer, but does not describe the layer structure of the
porous layer. Separately Tanakaya et al. of Sony

10 reported, in Preprints for 1996 Fall Congress of
Applied Physics society, p.673, the preparation of
porous Si by a change in the current in the course of
processing.

The Japanesé Patent Application Laid-Open No. 8-

15 213645 describes that the separation takes place at any
position of the separation layer, that is, that the
separating position cannot be defined. In such case,
the thickness of the remaining pérous Si layer
fluctuates over the wafer, and, when the porous Si is

20 removed by etching, an active layer (device forming
layer) is more or less etched also to result in a
fluctuating thickness in the plane of the wafer as long
as the etching rate for the active layer consisting of
a non-porous single crystal is not zero. Also even if

25 the remaining porous Si is left unremoved, the surface
step coverage resulting from the separating position is

left on the wafer. Also the method described in the



proVvi de a nethod for inexpensively preparing a sem conduct or

substrate of satisfactory quality, represented by the SO substrate.
The present invention provides a nethod for 25 produci ng a substrate,
conpri si ng: a step of prepar+tnyBa-first substrate nenber a
first layer and a second | ayer provided on and adj acent

- 19 - ‘to the first |ayer; a step of bonding the
first substrate nmenber to a second substrate menber; and

a step of separating the first substrate nenb and the second

substrate menbeRPP¥erpgntieneg Breprings for 19P9y§P16n98“9ﬁ§s§e85nd

bstrat b f bstrat
monber and e akebiga “PRytiSs sectard hanBen ReStrnhfe: thak HWho | ot orface
bet ween ﬁ‘gé&%ﬁegXEésaBgaEer§eEﬂQdc%g\)é_g%' Jl-gl tﬁ@' EF

DESCRI PTI ON OF Sha°Iptare
schemati C CrosSSgarous siS$€ebl A8k ¥h§“ﬁo§89§‘§9 QayéfénﬁbﬂaﬁﬁlhaeoHEthOd of

produci ng a subStrate actording to the present i nventi on;
Figs. 2A, 2B, 260tRDwafEr3NHavE 8hEbs&Chemsiba. Cross- sectlonal Vi ews
show ng anot her exanpl e of the met hod of producing a substrate

-according to the For preparing the bonding SOI substrate of
satisfactory quality, the etching step of the porous
layer has been considered to be essential.’ The etching
step requires conveyance of the substréte into and from

10 _ the etching apparatus, management of the etching
apparatus and etchant, rinsing of the substrate after
etching, etc. Therefore the preparation time of the
SOI substrate can be significantly reduced if the
'etching step can be omitted.

15
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method of producing a substrate, which is capablé of
omitting a selective etching step of the porous layer.

20 Another object of the present invention is to
provide a method for inexpensively preparing a
semiconductor substrate of satisfactory quality,
represented by the S0I substrate.

The present invention provides a method for
25 producing a substrate, comprising:
a step of preparing a first substrate member a

first layer and a second layer provided on and adjacent



presentinvention; 20 Figs. 3A, 3B, 3C and 3D are schematic cross-

sectional views showing still another exanple of the nmet hod of
produci ng a substrate according to the present invention;

Figs. 4A, 4B, 4C and 4D are schematic c~099 - 25 sectional views show ng
still another exanple of the met hod of producing a substrate
according to the present invention;

- 20- Figs. 5A, 5B and 5C are schenmatic cross-sectional

views showi ng a first conventional nethod; and Figs. 6A, 6B and
6C are schemat i%® &hes Ligsk ilqyar: vi ews showi ng a second conventi onal
met hod. 5 DETAI LED DESCRJ PTI O, THE P FI% D EMBQDI MENTS

Figs. 1A to 1D show®a 580 & ing,fthe, Fipsgh, sybstrate d9 %y a

substrate accordin o.th r.esent . j nvention. 10 As shown
in Fig. 1A th§ﬁ§4ﬁ§1§4§§%#§ eaﬂﬁﬂhﬁr' and substrate-nenber 2 having a
first layer 12 and the Fipd AR t to the
first |ayer. : %%ﬁ;%gn,sefsar&%\%ﬁi n %%11%%@4[%{ il rs?tfgsnﬁf)e??rat e
menber 2 and agseCcene Mﬂ@%‘i‘xﬂ&ﬁé&fe %’ém_?_{]e% R d8@ns ey thdWEiGHa 14

I ndicates an insulating film en, as shown in Fig. 1C the

first substrat@ayer onttEriR sécvid Sibstaetid nudben,atwhdRiierchd are
separ at ed, mhereg§ the second layer 13 is transferred
separation of the first substrate member and the second
substrate member is conducted at the interface between
the first layer and the second layer.

10
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B,_1C and 1D are schematic cross-
sectional views showing an example of the method of
producing a substrate according to the present

15 inventibn;

Figs. 2A, 2B, 2C, 2D, 2E and 2F are schematic
cross-sectional views showing another example of the
method of producing a substrate according to the
present invention:;

20 Figs. 32, 3B, 3C and 3D are schematic cross-
sectional views showing still another example of the
method of producing a substrate according to the
present invention;

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

25 sectional views showing still another example of the
method of producing a substrate according to the

present invention;



ohto an insulating surface 14f of the second substrate 20 menber 15.

Since the separation takes place at the interface between the first

| ayer 12 and the second | ayer 13, the first layer does not renmin on
t he exposed surface (separati on~s&Pface) 13f of the second |ayer 13
25 transferred onto the second substrate nenber 15.

Therefore, as shown in Fig. 1D, a substrate 3 havi ng a snooth
surface can be obtalned mnthout 21
- sel ect i el e L:ng h

surface 13f of the%é §H|a er sﬁgghébgggab%QlE CQESE %e%?ﬁ? ace 13f of

the second la%&%w%3sﬂkw%%§é%hQ§E%%t%o%ventlonaqaﬂeQﬁoaubhﬁﬁted to a

snoot hi ng treatnent suc treatnment in a non-oxidative

at nospher e. Figs. GAS 6B @hdasels el echemdelcedrbexedectibhalpr esent
I nvention conprises at | east the first | ayer and the - second | ayer

whi ch are forgeewel shdiialg » detbhderbnventionadt eeithbg.or have nutual |y

di fferent nechanical 10 strengt hs. As the second | ayer, a
non- poroBs | ayer is used. Specific exanples of the materia
constituting the second | ayer include Si and conpound sem conductors
such as GaAs, DEFRILEDc DESERIPTIONaQF THELHFREFBERREDENMBOPIMENTSxanpl es are
not restrictive. Al so such |ayer need not necessarily be forned
over the entire suFig€e B&ttﬁaén show abPaE&PtP&?W?létEﬁeGhﬁymﬁtBQPtern|ng

treatnment. Al sqg on , such non- por ous | hnsulatln% | ayer such
as an of producing a substrate accor ng to the presen

invention.

10 As shown in Fig. 1A, there is prepared a first
substrate member 2 having a first layer 12 and a second
layer 13 provided on and adjacent to the first layer.

Then, as shown in Fig. 1B, the first substrate
member 2 and a second substrate member 15 are bonded.

15 Numeral 14 indicates an'insulating film.

Then, as shown in Fig. 1C, the first substrate
member 2 and the second substrate member 15 are
separated, whereby the second layer 13 is transferred
onto an insulating surface 14f of the second substrate

20 member 15.

Since the separation takes place at the interface
between the first layer 12 and the second layer 13, the
first layer does not remain on the exposed surface
(separation surface) 13f of the second layer 13

25 transferred onto the second substrate member 15.

Therefore, as shown in Fig. 1D, a.substrate 3

having a smooth surface can be obtained without



oxide filmmy be fornmed. 20 The second substrate nenber may be an
Si menber, an Si nenber having an Si oxide filmformed on a

surface thereof, a light-transm ssive nmenber such as quartz, fused
quartz, sapphire or silica glass, or a = 21 -petal nenber, but the
material constituting the second 25 substrate nenber is not

restrictive. The first substrate nenber and the second
substrate nenber are preferably plate-shaped or

- 22 - I sk-shaped Ln th f _hondin it i.s
oreferable 1o SeleetiiR BEEnRe; q peterytPe, B1E8RRG, of ikl drbbet on
the surface to e f @t a eqkirs st e
mermber and the ggfgﬁggsgggt?gtgkﬁeﬁ%ggﬂgnggfég 18, &goﬁgcggfﬁggﬂbg %ate
menbers via SUCQukEﬁHEaiS@goFa¥ﬁé-second 15488 13AcE0tAR §HB§%§Qt§X?EE'e In

whi ch the insul ating ayer 14 i1s provided on the surface o

second sgaft pat Sub§aBeedléo alBmoothing tRegtfiehtt gueAndecCheblie
separation at the I nterface of between the first |ayer and second

| ayer, 5 atreabmentalihyawaaekeoxidptiaei asmbapherany be forned by
using a porous |ayer at such interface or by ion I mpl ant ati on at
such interface. O hetheséirgt substrabtehmember| empdaked ispthet pvaseayer
may be formed b i ntroduci ng defects into such interface.

The separation taveptigehrempgisesratxiapst, the first lapersppAi €bei on of

an external force such_as a , .
second layer which are formed of mutually different

materials or have mutually different mechanical
10 strengths.
As the second layer, a non-porous layer is used.
Specific examples of the material constituting the
second layer include Si and compound semiconductors
such as GaAs, InP, etc., a métal and carbon, but such
i5 examples are not restrictive. Also such layer need not
necessarily be formed over the entire surface but may
be partially etched by a patterning treatment. Also on
such non-porous layer, an insulating layer such as an
oxide film may be formed.
20 The second substrate member may be an Si member,
| an Si member having an Si oxide film formed on a
surface thereof, a light-transmissive member such as
quartz, fused quartz, sapphire or silica glass, or a
metal member, but the material constituting the second
25 substrate member is not restrictive.
The first substrate member and the second

substrate member are preferably plate-shaped or



pressure, a tensile force, a shearing force or a force 20 by a wedge,

application of ultrasonic wave or heat, application of an interna
pressure to porous Si by oxidizing porous Si to expand it fromthe
peri phery t hereof, application of 22 thermal stress by pul sed
heating, or by softening, but these are not 25 restrictive.

In the following there will be explained the nmet hod of formng a
separation |ayer. - 23 -

It is already known that, due to a difference in a | attice constant
by using diffg§§%FSHEP§Prals in het er oepi t axy, defects are

i ntroduced into anILPgﬁéﬁgggﬁlgg Pﬁ“ﬁﬁhggg?i%g%%?%£%§ﬁQEHEFQ&prialS or into

an epitaxi al 5 cas et eroepi taxy of form ng
two hetero | UBEhiaRS, afieifihil otaRg 1AM IHAOULHR oxide FINMOH Ul Lra
thin filmbas on the relationshrp o t hi cknesses of two epitaxial
layers. Accor ¢haOkyirféld@nN to be bomded bF el 1&s? iole IoF ahid @U@t y grown
on an ultra 10 . thin epitaxial |ayer, defects are introduced into such
ultra thsn epsubsitiiateayenbethanidntthef seeondn substatte memberweadertdy t he
difference in the lattice constant and t he introduction of defects,
and the separ Bbndnboih lsubstrate aembersdvie sush imsslieddeag leyer. n
t he other hand, the separation |ayer can be formed without the use

of het eroepi t Bigs-AdAqafo 1D showy amwpexampleoAgy highethg insuyleddng

A porous | ayer can be formed, for exanple, b
P Y layer 14 is provided on @%e suf%ace of the second

substrate member 15.
10 In order to conduct the separation at the
interface of between the first layer and second layer,
a mechanically weaker separation layer may be formed by
using a porous layer at such interface or by ion
implanfation at such interface. Otherwise the
15 mechanically weaker separation layer may be formed by
introducing defects into such interface.
The separation can be achieved, for example, by
the application of aﬁ.external'force such as a
pressure, a tensile force, a shearing force or a force
20 Sy a wedge, application of ultrasonic wave or heat,
application of an ihternal pressure to porous Si by
oxidizing porous Si to expand it from the periphery
thereof, application of a thermal stress by pulsgd
heating, or by softening, but these are not
25 restrictive.
In the following there will be exblained'the

method of forming a separation layer.



anodi zing an Si substrate nenber in HF solution. The 20 porous | ayer
has a sponge-like structure, in which pores of a dianeter of 10[err]
to 10 nmare formed with a di stance of 10[err] to 10 nm In contrast
to the density of single-crystal- 93 of 2.33 g/cnB, the density of
t he porous | ayer can be varied within a range of 2.1 to 0.6 25
g/cnB by a variation in the concentration of HF sol ution wthin a
range of 50 to 20% or by a variation in the - current density to be
used in the anodi zat,i qn. '

h . . -
the |evel of porosi1§’€%$ﬁ£§%ﬂ¥i$ﬁfwnﬂﬁﬂﬁfft Be to a diffprercedp R
d dtol | - tal S, porous Si
;?i H:emai ﬁt a?f’%éﬂ% %n'%sr%g(:r}%/tﬁallﬁirﬂq éifsfo%%}g% qT'sa‘l:lgrlélgﬁslea?ﬂbsf ?‘s‘% al Si can be

y
5 epitaxi alfateidupl tiky NAPARES 4 SintrdAE intP WL interface
1000[err]C, the internal pores start to be rearranged, t her eby
det eri or at i ng Hhtwedin i il ffdrent®®imaterial Aee! 68 eth &itdidialror this
reason, the epitaxial grow h of Si layer is preferably conducted by
alow &0 liagreper aAlisd growdses wih dGsubld dnterodipiaiagpidAxiciming
growt h, plasma CVD, | ow pressure CVD, photo CVD, biased sputtering
or liquid phasaoghettero Howstsionshi glefects tend e uretmpdudd i s al so
possible if a protective filmis fornmed i n advance on inside walls
of the pore 1mto am ulfeaditdas fidiehaged iy theamslatignshep tafiper at ure
oxi dat i on. As the porous | ayer contains a |arge space

thicknesses_of two epitaxial layers. Accordingly, when
'a different material is epitaxially grown on an ultra

10 thin epitaxial layer, defects are introduced into such
ultra thin epitaxial layer. The interface can be made
weaker by the difference in the lattice constant and
the introduction of defects, and the separation can be
achieved at such interface.

15 On the other hand, -the separation layer can be
formed without the use of heteroepitaxy. As an
example, a porbus material is used.

A porous layer can be formed, for example, by
anodizing an Si substrate member in HF solution. The

20 porous layer has a sponge-like structure, in which
pores of a diameter of 10! to 10 nm are formed with a
distance of 10! to 10 nm. In contrast to the density
of single-crystal Si of 2.33 g/cm®, the density of the
porous layer can be varied within a range of 2.1 to 0.6

25 g/cm® by a variation in the concentration of HF solution
within a.range of 50 to 20% or by a variation in the

current density to be used in the anodization. Thus



therein, the surface area is drastically larger in conparison with
the volune. For this reason, the 20 chem cal etching rate is
significantly increased in conparison with that of the ordinary

si ngl e-crystal | ayer. - 24! so the nechani cal strength of
t he porous |ayer, t hough bei ng dependent on the porosity, is |ower
than 25 that of bulk Si. Therefore, if a pressure, a traction

a shear is applied to an Si substrate conprising a porous | ayer

part thereof,

25 -

weaker force when the por05|ty of the porous | ayer

densdiaivaaro epéﬁ@@§3§ oy lggri ijan Qalf Sfegbet ®fking in H2

In the epitax

t he porous layer is
theolevedt off porosiity ganobe N@yéﬁdbanTb@ummOW@# by a
' I ncr eased.

as the first step.is essentlal

epi t axi al

Sato et al

for , ving the quality of the
| ay Singlerioystgl Si, poreuss &l 5‘@&& ﬂ‘&gé‘g: %he por ous Si

h |
In this bakln&ogﬂﬁﬁysﬁaﬁﬂg?%hgpo%¥% ﬁ%@tsﬁ§§&F‘§%%E%N§u§% S (19?§))

consuned for fi I I 'a{:]&altl 6%9{(%%1. onAq:cl:)%r gog.g@é I gyer nge?r%?ar %tbl Q& can be

achi eved |nne3'

y un p1taxi al

mor e por ous '&b%bf-c the LrtbrHel BoilEn st %S&Jeo%fmah@mr bei ng

formed to have a | ow por osi a porous Si layer I mmediately 15

under such epithaxedly b@e@riwdﬂagp%@uaha&&wﬁucs of formation

treatment and/or epitaxial growth being formed to have a | arge
accelerated etching. For this reason, the epitaxial

porosity.

10

15

20

25

growth of Si layer is preferably conducted by a low-
temperature growth such as molecular beam epitaxial
growth, plasma CVD, low-pressure CVD, photo CVD, biased
sputtering or liquid phase growth. Hdwever, high-
temperature growth is also possible if a protective
film is formed in advance on inside walls of the pore
in the porous material, for example, by low-témperature
6xidation.

As the porous layer contains a large space
therein, the surface area is drastically larger in
comparison with the volume. For this reason, the
chemical etching rate is significantly increased in
comparison with that of the ordinary single-crystal
layer.

Also the mechanical strength of the porous layer,
though being dependent on the porosity, is lower than
that of bulk Si. Therefore, if a pressure, a traction
or a shear is applied to an Si substrate comprising a

porous layer in a part thereof, the porous layer is

or i ng Wo or



Al so the porous Si |ayer fromwhich the oxide film I's renmoved with
HF or the porous Si |layer having no 20 oxide filmexhibits pore

coagul ation during a heat treatment such as the above-nentioned
baking in Herr], t her eby becom-ngswaker in the nmechanical strength
and easi |y separabl e under the absence of an oxide filmon

the inside walls of the pores. Thus the separation by 25 the interface
of the first layer and the second | ayer ' can be achi eved al so by such
treat nent. O herwi se, the porous Si |ayer after anodi zation

- 26 - broken athjfictst, Fheh@Arqusv-asgrereanrke RFeHer ®Y 20 a

hi gh-tenperature process such as epitaxial growh, oxi dati on bondi ng
and the |ike, waakemskongr when cihg Horosity QiR RATHF olRYSF 1% which
the smal | pores obtained 5 by the anodi zati on coagulate to result in
expansi on of 1ncreasqg: pores. Thus the separation takes place at the

I nterface between the porous. . Si_Jaye t - . epi t axi al
Si |layer by the str ntq.f%e%%’b%?’\‘/\}eag]yn ér% %eé%%%esﬁkp%%%]g%ﬁ%f por es

i medi atel y be t ; | traxial irstl f QI o e SeRaRd on at
t he (% irn%ﬁ%%égggg%ggg%gghéﬁf?%sfh%¥$gfsgh§ﬁ%ﬁ% gﬁé%nd Ia%gifg

can be achi eveﬂnﬁ&ﬁr@/ SHE N4 BBy ESE - the epitaxial |layér abyofiel indgnow

that an ion inplanted Tayer generates bubbl es therein, assumng a
structure as ifhel subfaci¥l PSre@icer ithe i pofeusrest i (18] dgato Astoali ngly,

such | ayer beconmes nechanically fragile, and enabl es
J. Electrochem. Soc., Vol. 142, No. 9, 3116 (1995)).
In this baking step in H,, the oute;most layer of porous
10 Si is consumed for £illing the pores. Accordingly, the
separation can be achieved immediately under the
epitaxial layer by forming t%o-or more porous layers,
an ultra thin outermost porous layer being formed to
have a low porosity, and a porous Si layer immediately
15 under such epitaxial layer by non-porous structure
formation treatment and/or epitaxial growth being
formed to haQe a large porosity.
Also the porous Si layer from which the oxide film
is removed with HF or the porous Si layer having no
20 oxide film exhibits pore coagulation during a heat
treatment such as the above-mentioned baking in H,,
thereby becoming weaker in the mechanical strength and
easily separable under the absence of an oxide film on
the inside walls of the pores. Thus the separation by
25 the interface of the.first layer and the second layer
can be achieved also by such treatment.

Otherwise, the porous Si layer after anodization



accel erated oxidation or accelerated etching as in the porous | ayer
obt ai ned by anodi zation. Therefore, the separation at the interface
of the first layer and the 20 second | ayer can al so be achi eved by

i npl anting ions into such interfaceg - The ions enployed in
such nmet hod are not particularly limted but can be any kind that can
generate an i nplantati on damaged | ayer, a high 25 concentration | ayer
of the inplanted elenment (strain | ayer), or a bubbl e containing

| ayer. The interface referred to in the present invention

- 27 - is swgjected) withewe bmmﬁxemmétnt§r$n@*%@&h@OmhetQi%inity
region of the interface. Wth respect to the ion inplantation,
reference i s high-tenpepature Ptp¢¢ﬁ$f%#¢%wﬁ%g%?1ta§;al growthgpanese
Patent Application Laid-Open No. 5-211128 osed a met hod of
form ng a bubmwidatdoen b?oﬁ“éh“g and tli‘?rp]-’a'?ﬁaﬁ%nca‘é%‘g lﬁ% gFyagtpral

rearrangenent and bubbl e gulatlo ft treatne t.an

conduct i ng t heehange °§e‘b%’|7%‘t‘§o%"a Rt ‘Btl’JbB}I‘% pongs &5ta158 i s
aiso repqted Qgga%%%p;) 9 241000 OodiGhi 4t Oto resulthtﬂ g%,és?gﬁ a,@to bul k

Si follo rea enerates I'n anted region,

mcro-cavitie QaV|?%%% gﬁ%g?éﬁgf§% ﬁésnglggesggeﬁﬁé ten nm at

a densi y out or exanple, A Van 15

Veen, C. C Giﬁééz?fébéngeéweéh EN&NSordbs - S:Reﬁay§9Cand the né4P. Proce.
107 (1988 Material Res. Soc. Pittsburgh,

porous epitaxial Si layer by the strain therebetween
due to the expansion of pores immediately beldw the

10 epitaxial layer. Therefore, the separation at the
interface between the first layer and the second layer
can be achieved also by such treatment.

It is also well know that an ion implanted layer

generates bubbles therein, assuming a structure as if a

15 porous material is formed inside. Accordingly, such
layer becomes mechanically fragile, ahd enables
accelerated oxidation or accelerated etching as in the
porous layer obtained by anodlzatlon. Therefore, the
separation at the interface of the first layer and the

20 second layer can also be achieved by implanting ions
into such interface. |

The ions employed in such method are not

particularly limited but can be any kind thét can
generate an implantation damaged layer, a high

25 conéentration layer of the implanted element (strain
layer), or a bubble containing layer.

The interface referred to in the present invention



Pennsyl vania) P.449). It is recently investigated to utilize such

mcro-cavities as a gettering site of a metal inmpurity. 20

V. Raineri and S. U. Canpi sano have reported i npl anting heliumions
into bulk Si, following by a heat 27 eatnent, to obtain

m cro-cavities, then formng a groove on a substrate to expose the
side face of the m cro-cavities and effecting oxidation treatnent,
25 thereby selectively oxidizing the mcro-cavities to obtain a
buried oxidized si l|ayer, napely an SO structure (V. Rai nerl and S.

U. Canpi sano, m@ﬁms ¢%y§nterface substantially including the vic inbhy

Lett. 66 (1995 3654 Additionally, in the
substrate-prod&ﬂgﬂﬂn %hﬁgeo*nterfacethe present invention, the first

substrate member  win SCRBLAL el Nind NEod ORYE ARPALENES REILRIRCEALDS

utilized, after renova

separ at ed face, 9 gmlﬁgggttguegerggpygd,}ﬁ&slt S unnecessary and

;
after a surface f?aitenlng t reat ment the surface flatness is

i nsufficignt, agai naaﬁaﬁéee patentfm%ﬁiié#@f&ﬁaﬁ&lam@ﬁ@ﬁ 6. thea secomd
substrate nenber 10 or as a substrate for other applications.

Al so the separnd£bropdse® &fmétitodasPnformtind ratisubble lay@riiey iwvyi ng the
transferred second | ayer can be pl attened by a heat treatnent in a
hydr ogen- cont aimplaptation, ncausing attystal mosgheargenentcand rakble on t he
15 polishing or etching enployed in the ordinary sem conduct or
process. Such gpagulation bhy t&cheértittreatment and conducting the

‘separation at the bubble layer.

10 It is also reported that implantation of helium or
hydrogen ions into bulk Si followed by a heat treatment
generates, in the implanted region, micfo-cavities
having a diameter of several nm to several ten nm at a
density of about 10 - 10'"/cm® (for example, A. Van

15 Veen, C. C. Griffioen and J. H. Evans, Mat. Res..Soc.
Symp. Proce. 107 (1988, Material Res. Soc. Pittsburgh,
Pennsylvania) P.449). It is recently investigated to
utilize such micro-cavities as a gettering site of a
metal impurity.

20 V. Raineri and S. U. Campisano have reported
implanting helium ions into bulk Si, following by a
heat treatment, to obtain micro-cavities, then forming
a groove on a substrate to.expose the side face of the
micro-cavities and effecting oxidation treatment,

25 thereby selectively oxidizing the micro-cavities to
obtain a buried oxidized si layer, namely an SOI

structure (V. Raineri and S. U. Campisano, Appl. Phys.



treatrfent can realize, under the selection of appropriate

conditions, the platness of a |level that only the atomc step is
exposed locally. 20 As explained in the foregoing, in the present
invention, it is possible to conduct sepdBation at the i nterface of
the first layer and the second | ayer over t he whol e substrates,
thereby allowing to sinplify or omt the flattening step of
flattening the separated 25 surface of the second substrate nenber
which is nsi.der, kR[S ble in the conventional nethods.

Si nce etchingLS%%ﬁo ?sﬁ?§852a9'§§§§ iforate the

- 29 - t RsgEREBRAaRly! "EnsehaNdubatehtbl prokiacing Wethda pgcond
substrat e nenber tﬁe un??o?n??& o? t he sgcond Iaygr can g hbg ?ﬁproved

i f such etchi gHeOpragbhthifden®lole the fir8K tLBEtrakdSmbhBegubstrate can
be produced with a 5 high yield even when ultra high uniformty is

required. separated| byl thal abofesmehttohedsmathbaseeaal pebond two
second substrate nmenbers onto both sides of the first substrate and
conduct Hondi ngiliepd; abfteranrdmbusdr of the firatsileyeroremainingwon
Substrate. 10 By formng the second | ayer as a deposited film
particul arly Sheepepaxatedf frge onewdtbantbsushciranewal if itddsects
specific to bulk Si, so that the production yi el d of the devices can
be inproved. EPRACPASARE and afteq peRurfechndlagyenindefrearmantndfer
having such fLLm 15 cace' $191Rb25°0s" 2hoRERIUGENE, "ghsROLLOLENCe devi ces
- first substrate member or the second substrate member
10 or as a substrate for'other applications.
Also the separated surface of the second substrate
member having the transferred second layer can be
plattened by a heat treatment in a hydrogen-containing
non-oxidative atmosphere, without relying on the
15 polishing.or etching employed in the ordinary
semiconductor process. Such plattening by the heat
treatment can realize, under the selection of
appropriate conditions, the platness of a level that
only the atomic step is exposed locally.
20 As explained in the foregoing, in the present
invention, it.is possible to conduct separation at the
interface of the first layer and the second layer over
the whole substrates, thereby allowing to simplify or
omit the flattening step of flattening the separated
25 surface of the second substrate member which is

considered indispensable in the conventional methods.

Since etching or polishing may deteriorate the



as CPU. Wth the increasing size of the wafers, the preparation of a

hi gh-quality crystal is considered nore difficult, so that the
quality of the bul k wafer will inevitably becone | ower. Accordingly,
there will 20 i ncrease the necessity 3%r-the epitaxial Si film and

the epitaxially grown filmalso in the bonding SO. Al so the
conductive type and the inpurity concentration of the sem conduct or

| ayer in the SO substrate can be arbitrarily determ ned by

controlling 25 t hose of the epitaxjal film t_is,thergfore possible
to prepare, fridHenessyRE ithe(se ?ﬁa?’éeﬂﬂnﬁ@??%?ﬂ%ed £ &%Cfeé)% trate
havi ng the sem conductor | aver af varj

- 30 - su%%iﬁﬁﬁﬁ:t'? Y ped® afit ﬁjr%ﬁjfpf yO%o%r(I:ee TSRO EAY]E TGt

use of an epi taxi ' ' ﬁiﬁf : | L ons.

It is furthern%eﬁ&é%%ﬁggﬁ%%%éo tai%a%o%ﬁhiﬁ%pééﬁ%%strate havi ng
a hi gh- concentdaiiQau buriass | W& substrate & BEVER6AIESA CRIERT a be
obt ai ned by the nethod of separating the outernost |ayer of the bul k
vafer by §0n high yidld as¥e i wilen asl €& chDgle dunDf diwi 0@ pbs eseqiihted!

Appl i cation Laié!Cpen No. 5-211128. 10 In case the first |ayer and
the second | ayer arkt is alsdopdssibibe i tatstmbltapedeslyl bénd mreyot he
substrate menber is not consumed by the formation of the first

| ayer and t he secomtl sulystrate néembexsconto shothhsides cof the fipaber can

be sem -perpetually reused without any |oss 15 i n the thickness.
substrate and conduct bonding, separation and layer

“transfer to obtain two substrate.

10 By forming the second layer as a deposited film,
particularly an epitaxial film, there can be excluded
defects specific to bulk Si, so that the production
yield of the devices can be improved. Even in the
current technology, an epitaxial wafer having such film

15 is employed for producing high-performance devices such
as CPU. With the increasing size of the wafers, the
preparation of a high-quality crystal is considered
more difficult, so that the quality of the bulk wafer
will inevitably become lower. Accordingly, there will

20 increase the necessity for the epitaxial Si film and
the epitaxially grown film also in the bonding SOI.

Also the conductive type and the impurity
concentration of the semiconductor layer in the SOI
substrate can be arbitrarily determinéd by controlling

25 those of the epitaxial film. It is therefore possible
to prepare, from the same first substrate member, the

SOI substrate having the semiconductor layer of varied



As explained in the foregoing, the present i nvention allows to

transfer an Si |ayer of excellent _ crystallinity or a non-porous

si ngl e-crystal conpound sem conductor |ayer onto the insulating
surface of an 20 economi cal |y excel Lepp substrate having a |l arge area
while sufficiently suppressing cracks resulting froma difference in
a lattice constant or in a thernal expansi on coefficient which are

t he probl em of the conventional methods, thereby formng a

sem conductor 25 | ayer of satisfactory crystalllnlty on the insulating

surface of a sabpdéugtiveekypes and impurity\\cppceatzpéihersy osei §bat2A to
2F, anong the 31
substrate prodH%FnefnEPhSBétBFiPﬁebeEsEﬁFePﬁvﬁﬁﬁl6ﬁnge of  an exanpl e of
t he met hod of conductln separatlon utilizing a porous |layer is
described bel o#PPAICakE in Fig. 2A, there is prepared a first

I I b nb h I
2 "9 YT a | ayeFt1 38 BUFSPREHO0R RoRatR B, PaeBoiRg, HBpSin 88768, !
as shown 5” FIQubé@gg@EThggikg ﬁEBchEﬁ¥gﬁt}§f§on bugiédfgéggg at IeaSt

on the first |ayer e se ayer can be ar rarily
sel ected from gushngdh@antales cﬁﬁﬁékabesbbhaiﬁéd Byp9h¥ch¥§h8thEe Si

| ayer, an anor phous™Si | ayer, a |layer of a porous surface
| ayer is made 88PapatoH§. tnenahaérﬁbbﬁl1ay§enaeumﬂe bulk wae8krCBRdEehor
film a superconductive filmand the i ke. A device structure such

as a MOSFET nejmpkantation, as disclosed in the Japanese Patent

'Application Laid-Open No. 5-211128. |

10 In case the first layer and the second layer are
both constituted by epitaxial films, the substrate
member is not consumed by the formation of the first
layer and the second layer, so that the first substrate
member can be semi-perpetually reused without any loss

15 in the thickness.

As explained in the foregoing, the present
invention allows to transfer an Si layer of exéellent
crystallinity or a non-porous single-crystal compound
.semiconductor layer onto the insulating surface of an

20 economically excellent substrate having a large area
while sufficiently suppressing cracks resulting from a
difference in a lattice constant or in a thermal
expansion coefficient which are the problem of the
conventional methods, thereby forming a semiconductor

25 layer of satisfactory crystallinity on the insulating
surface of a substrate member.

With reference to Figs. 2A to 2F, among the



15 formed in such layer or film |In case of the second | ayer
having a nulti-layered structure, there can be obt ai ned an SO
structure having a buried layer. An insulating | ayer 14 such as of
Sigerr] is fornmed on the ' out ermasgyl ayer of the second |layer 13, in
order to 20 make the potential |evel of the bonding interface

distant froman active |ayer. Then, as shown in Fig. 2C, the surface
of a second substrate nenber 15 is bonded to the surface of the

| ayer 14 of the first substrate nenber at the roomtenperature. 25
I n the case of substgiatten produgiinge methadsSofashehpresent igweortdongyer, the
bonding is preferably conducted after oxidized Si is fornmed for
exanpl e by t heARalexgtpdgt odn the method of conducting separation - 32 -

on the surface of _such single-crystal Si,. The second substrate

menber can be ¥&fiddedRg poporeyFplayer; df described Belowyst Ag shoyR g
bstrate havi I.di Si filmther, , | i,ght -t 1 SSi
substrate suchitsPlos 2R (3herh 15 prsprrel & Giren SLRRIREYSIRL but
th | t tricti d t h
SUTT i enfly < ROBRREBSRAPRODET: fidc8urRy S5e S toyasass sRealfeli’s, 0 o
state in “h'CthQ%tSSQRQQ }gbihrEBQmFd on a”ﬁ%ﬁ%rfh§fgﬁgd§ﬂeE%the first
e 4

substrate nenber via t insulating |ayer ormed on the surface
of the first grhen, 84bshbahe iRERIG., 2BUt alth?ebltUbakebdnday8yeld 130y be

omtted in case of the second | ayer 13 being not conposed of Si or
of the second igbFoimed arnMheaskecongthe firstollagerpd2ed @FheSsecond
" layer 13 can bg arbitrarily selected from a single-

10 crystal Si layer, a polycrystalline Si layer, an
amorphoué Si layer, a layer of which a porous surface
layer is made non-porous, a metal film, a combound
semiconductor film, a superconductive film and the
like. A device structure such as a MOSFET may be

15 formed in such layer or film. In case of the second
layer having a multi~layered structure, there can be
obtained an SOI structure having a buried layer. An
insulating layer 14 such as of Si0, is formed on the
outermost layer of the second layer 13, in order to

20 make rhe potential level of the bonding interface
distant from an active layer. Then, as shown in Fig. -
2C, the surface of a second substrate member 15 is
bonded to the surface of the layer 14 of the first
substrate member at the room temperature.

25 In the case of depositing single-crystal Si as the
second layer, the bonding is preferably conducted after

oxidized Si is formed for example by thermal oxidation



15 : The bondi ng may be conducted by using three menber s,

nanmely by interposing an insul ating nenber between the first
substrate nmenber 11 and the second substrate nmenber 15.

A heat treatnment is then applied in orde+ 3 -20 i ncrease the bonding
strength. : Then, as shown in Fig. 2D, the two substrate

menbers are separated by the interface of the first | ayer 12 and the
second |l ayer 13. At the interface of the first |ayer and the second
| ayer or in the vicinity 25 thereof, there are in_advance forned a

|atent factor on the gasfacetofSuchepingleorryayet ai-tnthensecpade
between the first layer 12 and the second. | ayer 1

a3 - SUPFEIRES JIRTHRT \CH he T LaRE S« oF BT cExBMP1Re FERRGPD

def i ni th ti I i ngl ud i bed i . hg.
foregol ng. o vt AVBRETHEY neeBoFberegeBrats LS &R opitieef Bt coul ting
fromthe anodiz gy CONMLLLRN% O 1gne-trandifiSUPreianLelael Lisalgent. a
difference in t%e o éﬁérng* %xpan5|on coefrrcren etween two

different g ug%aeg,rié'b%a?@gﬁfé NLERSEEAtONaRg eﬁegifﬁeptbue grbsst

| ayer or a bubﬁ?e ayer on i nplantation. Th separation can

be achi eved, asgflGRslédesré mbberedfrictivé €888 Ngny b¥ubseraps! hedihgnaof an
external force such as a pressure, a traction, a shear or a wedge

force, appf £ L1 enE1L PT siibd R SHonEi NG Veupfabeahay apg! eaploged of
an internal pressure to the porous Si by expansion from
Fig. 2C shows a state in which the second substrate
‘member is bonded to the first substrate member via the
10 insulating layer 14 formed on the surface of the first
substrate member; but the insulating layer 14 may be
omitted in case of the second layer 13 being not
composed of Si or of the second substrate member being
not composed of Si. |
15 ’ The bonding may be conducted by using three
members, namély by interposing an insulating member
between the first substrate member 11 and the secondl
substrate member 15.
A heat treatment is then applied in order to
20 increase the bonding strength.

Then, as shown in Fig. 2D, the two substrate
members are separated by the interface of the first
layer 12 and the second layer 13. At the interface of
the first layer and the second layer or in the wvicinity

25 thereof, there are in advance formed a latent factor
constituting a separation layer at the interface

between the first layer 12 and the second layer 13 or



the peri'phery of the porous Si due to oxidation of the 15 porous Si,

application or a thermal stress by pul sed heating, or by softening,
but these are not restrictive. As shown in Fig. 2E
there is obtained a sem conduct or =s@Bstrate in which the first |ayer
12 20 does not remain on the separating surface of the second

| ayer 13. On the second substrate nenber 15, the second | ayer 13 is
formed in flat and uniformy thin state over the entire region of

the substrate. Thu . t.he m conductor substrate, which is obtained
by 25 bondi A5 tRE ?éf&ﬁd‘té’ug’g‘ﬁ"&f’%'rreﬁ'%@r SERMRtES B fhesfactor
Sepstrate 1t TeRRRtalhorhel ARcadatidl 14y Tncklae, as ack¥ibea"iE 2],

preEﬁEakggggggp. 0%@%%%%§%§%§T9Bi%h@?ﬁ%&%%itgbor n the | the

surface of the secon ate ne ter séparafion, nanmely

the separated sgpkaceigk HB8ulting £28RORMe AVNBIAAY WORAHTiISHDLE surface
irregularities, 5 there is conducted a surface Snoothing treatmnment

such 5 as ihat subgeqiiehtt heat eBatmedd! i we dliffesieheecin the
The first substrate nenber 11 is used again as the first substrate
menber 11 or astheemadcexgansiiohr ebefficientnbelteeehb tiver dilf€epeagar at i on
of the SO substrate, if 10 necessary after the renoval of the first
| ayer 12 mpgeninlsg endt hetroductiobsofaep edeientand tefesdr f ace
snmoothing (cf. Fig. 2F). It is also possible, as shown in Figs.
3A to 3D, layer or a bubble layer by the ion implantation. The
" separation can be achieved, as described in the
10 foregoing, by the application of an external force such
as a pressure, a traction, a shear or a wedge force,
application of ultrasonic wave or heat, épplication of
an internal pressure to the porous Si by expansion from
the periphery of the porous Si due to oxidation of the
15 porous Si, application or a thermal stress by pulsed
heating, or by softening, but these are not
restrictive. .
As shown in Fig. 2E, there is obtained a
semiconductor substrate in which the first layer 12
20 does not remain on the separéting surface of the second
layer 13. On the second substrate member 15, the
second layer 13 is formed in flat and uniformly thin
state over the entire region of the substrate. Thus
the semiconductor substrate, which is obtained by
25 bonding the second substrate member 15 and the first

‘substrate 14 member 11 via the insulating layer 14,

constitutes an SOI substrate adequate for the



to' use two sem conductor substrate nenbers at the sane 15 time, bond
two second substrate nenbers to both sides of the first substrate
menber, enploying the steps shown in Figs. 1A to 1D or in Figs. 2A
to 2F. The first substrate nreg#er- 21 can be used again as

the first substrate nenber 21 or as the second 20 substrate nenber 28
(or 29) for the preparation of another SO substrate, if necessary
after the renoval -~ of the first layer 22 or 23 remaining on the first
substrate nenber and after the surface snoothing when the surface
has unperm ssi mr@na#@gmramue%olaw electromify dgikG9%t e nenbers 28 and
29 need not be of the ane nmateria

non- por o 24,
25 need not bEE ofhey %‘éﬁ]@a%t%ﬁlq?e soﬁﬁf"f‘ﬁes‘f Hak Li?ﬁ%r’s%TEG
- 35 - and 27 nm be om tt 4Ato 4%show

anong the subst3HeF 7 n, name%ﬁ%t%ss%ﬁa’ﬁ%e‘gr HRCT R
nmet hod of sadnduc t| nlg S8 sar‘ﬁ;éef%%/ lgr{)alé% aifl%%_lgﬂaas s 5

| ayers. e sur ace

in Fig. 4k thetfrf‘efé &ré%%@c&m O S S ) én%thing tred Rt éﬁ a

first porous |ayer second porous | ayer 103 of a higher
porosity in COTH@rﬂé&E\ tidhtmer¢ tih td e driISHiROEBrS dtddphde. The porous

regi on nmay be obtai ned by maki ng porous the surfape portion of a
non- por ous subst r at erhEbers Orsulystrats mperMbgaOrMisis used again as the
first substrate member 11 or as the second substrate
member 15 for the preparation of the SOI substrate, if
10  necessary after the removal of the first layer 12
remaining on the first substrate member and the surface
smoothing (cf. Fig. 2F).
It is also possible, as shown in Figs. 3A to 3D,
to use two semiconductor éubstrate members at the same
15 time, bond two second substrate members to both sides
of the first substrate member, employing the steps
shown in Figs. 1A to 1D or in Figs. 2A to 2F.
The first substrate member 21 can be used again as
the first substrate member 21 or as the second
20 substrate member 28 (or 29) for the preparation of
another SOOI substrate, if necessary after the removal
of the first layer 22 or 23 remaining on the first
substrate member and after the surface smoothing when
the surface has unpermissible irregularities.
25 The substrate members 28 and 29 need not be of the
same material. Also the non-porous films 24, 25 need

not be of a same material, and the insulating layers 26



regi on o6n the surface of a non-porous substrate nmenber. The second
porous | ayer 103 is preferably nade thicker 15 than the first porous

| ayer 102. Then, as shown in Fig. 4B, the first porous |ayer
102 is converted into a non-porous |ayer- B®'- Such conversi on can
be achi eved, for exanple, by a heat treatnment of the porous |ayer
102 in a non-oxidative 20 at nosphere. The non-oxi dative atnosphere is
desirably hydr ogen- cont ai ni ng at nosphere as descri bed above, and

the tenperature of the heat treatnment is less than the mel ting point
of the materiala3R®ndf inay i bRy emktErRA ous | ayer, specifically within a

1200[err] G The hedtigs- 4A 10 R apYs AndS (e i HERES deHeRLSER: di ng
toth t he thick { f I

-036 _e i oé% %%n‘f/%?tepzf%%ecmfnregr?vpor%gulg Iéa;/e%ﬂgoéouél yat/grasgon-
porous |ayer. 'é‘o&&l&étﬂ? réééé’fbt}.&? éfct%%&oé%:furﬁlqléfy u%&’% I's not

converted into non- por rst™s rate 101
i's bonded §CJeaf%ygﬂg? substrate 106, as shown in Fig. 4C, such that
t he surface o the non- porous |ayer 102" is in contact with

the surface of the smgotkk sslbstddd A, rifstas@ssSerate 101, ¥ asRohher
| ayer 105. Such anot her | ayer 105 is conposed of a material 10

different fromimatigi 4Ae thems ilH2Xorment] argyobmus regioh at®#®d i n advance
on either of or both of the surfaces of the layer 102' and the
second substrateonssigking 08f a first porous layer 102 and a second
porous layer 103 of a higher porosity in comparison
10 with the first porous layer 102. The porous region may
be obtained by making porous the surface portion of a
non-porous substrate member or by forming a porous
region on the surface of a non-porous substrate member.
The second porous layer 103 is preferably made thicker
15 than the first porous layer 102. |
Then, as shown in Fig. 4B, the first porous layer
102 'is converted into a non-porous layer 102'. Such
conversion can be achieved, for example, by a heat
treatment of the porous layer 102 in a non—oxidétive
20 atmosphere. The non-oxidative atmosphere is desirably
hydrogen-containing atmosphere as described above, and
the temperature of the heat treatment is less than the
melting point of the material constituting the porous
layer, specifically within a range from 600°C to
25 1400°C, preferably from 900°C to 1200°C. The heat
treating tiﬁe is suitably determined according to the

porosity and the thickness of the first porous layer so



prior 'to the ponding. The | ayer 105 may al so be omtted when

the layer 15 102" and the second substrate nenber 106 are of

different materials. Then, as shown in Fig. 4D, the bonded
substrate menbers 101 and 106 are 3feparated by the application of
an external force or by the generation of an internal 20 pressure,

wher eby the substrate nenbers are nutual ly divided by the interface
bet ween the second porous | ayer 103 and the non-porous |ayer 102',
which is different framthe bonding interface. Jn this

operation, a B tteAMEReAIMRY %’cﬁ%‘hs"‘?ﬁ%ﬁ hayey eatirely to g 9ty of

such separating_interface nma Si nce

y. be_.br oken and | ost .
the separatio Eﬁ?soel%ﬁ'eve]a‘ vﬁq:{ﬁ)lﬁpeﬁ%ion’ the ‘second porous

- 37 - nYs {8y SQ%igiqg tpﬁ S80S face of
the | ayer 102'1,ayt elsec_oln% rgé%gdrgg{e [ avc%)nnag esl?-_ l?éeﬁaagéegr 102’
thereon need not bemgyp el L SRGidade 101 is BSiHdW & SL&LAd©
pol i shi ng. 5 The second substrate 106 having the layer 102" may

be heat t5 eat eibdtrai@C TR Yas ishdurlein tMid ] Ad esudie that thsepar at ed
surface of the layer 102'. The 1Tayer 102' can be formed by

epitaxially surfadd ¥ Nthe! ridiPordiy Laters AVZONLIAOIcdiyedt Giithe 10
second porous |ayer 103. The layer 102' may be al so - formed by
maki ng t he porthes dunfiacel @¥ nche EEais] aubstrate 106n EHinevesddny gr ow ng
a single-crystal sem conduct or

via another layer 105.

Such another layer 105 is composed of a material
10 different from that of the layer 102', and may be

formed in advance on either of or both of the surfaces

of the layer 102' and the second substrate member 106

prior to the ponding.

The layer 105 may also be omitted when the layer

15 102' and the second substrate member 106 are of
different materials.

Then, as shown in Fig. 4D, the bonded substrate
members 101 and 106 are separated by the'application of
an external force or by the generation of an internal

20 pressure, whereby the substrate members are mutually
divided by the interface between the second porous
layer 103 and the non-porous layer 102', which is
different from the bonding interface. In this
operation, a part of the second porous layer 103 in the

25 vicinity of such separating interface may be broken and

lost.

Since the sepération can be achieved without the



Irayer -t her eon. When the |ayer 102' conprises silicon, the |ayer

15 105 conprises a silicon oxide |ayer, for exanple, by oxi di zi ng
the surface of the |ayer 102'. When the | ayer 102' does not include
t he single-crystal sem conduct o Bayer fornmed by epitaxial growth as
descri bed above, this silicon oxide |ayer is preferably 20 formed as a
very thin |ayer. Furt her, between the second porous |ayer 103
and "the substrate nmenber 101, a third porous |ayer may be

formed which has a por03|t% smal | er, than that of the %Fond porous

| ayer 103. 2BorO0 P3 remaining onrithe; geparated Suf;

fhggig|f2&fhglh§'135%3;52&3 the secoﬂ%'s S an%guqa%l n HF s%%ytlon under

condi ti ons. layer I %&dl tl:lh%'}%ofnoglee%r Wk it %Fd&%t tfd rs%‘le%ci:rn&és | ayer

to be forned a rrent dens cnerr]

5 anoattéh&agswﬂtgeq@ctive pohiEslﬂaQ,gCZH[ err] OH=1:1:1

time: t hi ckness of porous Si: 0.02
pm 5 Condi ti ongef %red‘di{dﬂsmsa:r%%@ou@apwm&d ARy lagere 102' mayf or med
next : 10 current density: 50 mA.cnferr]

anodi zi ng sol bei Beat treatdd,HiE fedessair®! inl order to flatten tthee:
> sec separated surface of the layer 102'.

The layer 102' can be formed by epitaxially

growing a single-crystal semiconductor layer on the

10 second porous layer 103. The layer 102' may be also
formed by making the porous layer 102 non-porous and
then epitaxially growing a single-crystal semiconductor
layer thereon.

When the layer 102' comprises silicon, the layer

15 105 comprises a silicon oxide layer, for example, by
oxidizing the surface of the layer 102'. When the
layer 102' does not include the single-crystal
semiconductor layer formed by epitaxial growth as
described above, this silicon oxide layer is preferably

20 formed as a very thin layer.

Further, between the second porous layer 103 and
the substrate member 101, a third porous layer may be
formed which has a porosity smaller than that of the
second porous layer 103._

25 [Example 1]

The surface of a first single-crystal Si substrate

member was anodized in HF solution under the following



t hi ckness of porous Si: 0.1 pm Conditions for formng a third

porous | ayer to be 15 formed at | ast: current density:

7 mA.cnjerr] anodi zi ng sol ution: HF: H20: C2H err] OH =
1:1:1 time: - 381-nin t hi ckness of
porous Si: 1 pm 20 Under these anodizing conditions, the second
porous Si |ayer forned by using a current density of 50 MA* cnjerr]
‘and having a thickness thicker than the first- porous | ayer exhibits
a | arger porosi . becones structurally nore fragile in

conpari son mﬁtHé¥%§§g%%%$' 25 porous Si |ayers. The

substrate mme&oﬂ@f\/\ﬁi@ﬁ%y?ﬁgé&fﬂi&ﬂ?& 8Qtbrmost £12bt4PBEELS] Fal@ran

oxygen at nosphere, ere I nter
- 39 - to Shé f ASEmed Aberppses of the porous Si was covered with
a thermal oxide film The wafer as the first substrate - nmenber was

then placed under a bygre@gendéhsDephere in 1 mAe@m2epi taxy apparatus, and
t hen was baked for 5 m nutes 5 at 1040[err]C, whereby the pores of the
surface regi on of anodiziwmg psobutid@n: wer e fHF{ B aH QMe= cutkrhrost first

porous Si layer, which was formed with the current density of 1
mA.cnferr], was conveimet i nto non-porous 0.1 minte by the nmigration of
Si atonms. 10 Subsequently, on the porous Si having the surface
made non- porous, si nEpECkReas £ PoxRus Pl t axP P2 yum grown with a

t hi ckness of 0.3 n1p¥ CVD‘SchenicaI vapor
Conditions for forming a second porous layer to be

formed next:

10 current density: 50 mAecm™
anodizing solution: HF:H,0:C,H,OH = 1:1:1
time: 5 sec

thickness of porous Si: O.1 pm

Conditions for forming a third porous layer to be

15 formed at last:
current density: 7 mAecm>
anodizing solution: HF:H,0:C,HOH = 1:1:1
time: 1 min

thickness of porous Si: 1 pm
20 Under these anodizing conditions, the second
porous Si layer formed by using a current density of 50
mA*cm? and having a thickness thicker than the first
porous layer exhibits_a larger porosity and becomes
structurally more fragile in comparison with the other
25 porous Si layers.
The substrate member was then oxiﬁized for 1 hour

at 400°C in an oxygen atmosphere, whereby the internal



‘deposition), under the follow ng grow ng conditions: Sour ce

gas: SiH2C [err]/H2 15 gas flow rate:

0.5/180 1/mn gas pressure: 80 Torr

t enper at ur e: 950[err]C = 39 - growth rate: 0.3
pnm m n. Then an Si 02 |ayer of a thickness of 200 nmwas 20 .
formed by thernmal oxidation in the surface region of the epitaxially
grown Si | ayer. The surface of the SiQ2 |ayer of the first

substrate nenber. was super posed an rought int contact with the
surface of afyEfaresPLs Pﬁrgsrré’%bgﬁhe rous(%é'c&r?ﬁ SYE-E, é’i\r%%‘n‘oer) and
heat treat nment S co cted for Lhuyt e t erehby strong
bondi ng was 8%?%@%@@; oxide T?im. ﬂhe d%f@&n%s %H%-fi%@% %uﬁg%iaiey

The bonded s [ S r SR d fgq% dﬂ@g' tion of an
ext er nal for@%?lb\ﬁ%ggg%%é g\g_/%g%gs eql%pc’)’%ius gyea_rtmc?fs a Iaelr %2# porosity
was broken and &p8taxy appdrétiisOn anePkndirRsAbaked ifdes ageniareen the
non- 5 porous | ayéer and the porous |ayer. As a result,

there cgul d be abuai-esdwhe the por@ddYf ahe lBtifaged réigidheoF ystal Si
| ayer of a - thickness of 0.2 pmon the Si oxide filmfornmed on the

second subst rhee poeioe SiPweies £3i11dd] and themaiutermost) firsthe surface
(separated surface) of the single-crystal Si |l ayer. The thickness of
t hus forned pomgus Siydeyer, whichSwasaformedeaddhedh®t cl@Tepdi nts over the
whol e region

density of 1 mA*cm™?, was converted int? non-porous
state by the migration of Si atoms.

10 -SubSequently, on the porous Si having the surface
made non-porous, single-crystal Si was epitaxially
grown with a thickness of 0.3 um by CVD (chemical wvapor

deposition), under the following growing conditions:

Source gas: SiH,Cl,/H,

15 gas flow rate: 0.57180 1l/min
gas pressure: 80 Torr
temperature: 8950°C
growth rate: 0.3 pm/min.

Then an Si0, layer of a thickness of 200 nm was
20 formed by thermal oxidation in the surface region of
the epitaxially grown Si layer.

The surface of the SiO, lafer of the first
substrate member was superposed and brought into
contact with the surface of another Si substrate member

25 (second substrate member) and heat treatment was
conducted for 5 minutes at 1180°C, whereby strong

bonding was obtained.



thereof, exhibited a uniformty of 201 4 nm .~ - The SO surface

I s rough, but the substrate in 15 this state is preferably used in the

applications in whi ch the surface property is not inportant, such as
in the preparation of a solar cel#0o+ m cronechani cs.

However, in the applications very sensitive to the surface property,
such as the production of a thin film 20 transistor, it is necessary to
flatten the surface of t he obtai ned substrate by effecting a heat

t r eat ment exanple at_1100[err]C in a non-oxidative atnosphere

f
such as hydr ogen. %%@ bopfgdespBEgRALesMemPers: HeTRegpParated bycibgent
e e ekl i Bof"r ! O ExlBLEy Fhoee, TRRRBEENEHE"SABORAL 012
in the root- = [ [ T'5 u s equal to
that of th ial ' ks :
- Zl ? © porousCig¥ﬁécé?oég}gégk%gﬁgﬁogégg?gg%iBﬁogﬁnaa??aﬁgﬁission

el ectron ”1Cr?§g?§?oﬁoeaéknBQaEQaStF@ﬁeeEhEéfkﬂbéybetween gheHon-

single-crysta ayer did not exhibit generation of any new

crystal gefechsr8is TBYBrabA@dthedporofi¥Cehyy8pl crystallinity. _
The first substrate nenber was subjected to the sel ective etching of

the renmmi ni ng porong & réSalepnth8re couldabgl sbtaened 4A%sbydrof | uoric
aci d 30% hydr ogen per oxi de sol ution under agitation, then to

anneal i ng i n siBstratehhdviggnaasinghteceystall aaslapercaftar used again as
the first or the second substrate nenber. The third
thickness of 0.2 pym on the Si oxide film formed on the
second substrate member. Porous Si did not remain on
- 10 the surface (separated surface) of the single-crystal
Si layer.. The thickness of thus formed single-crystal
Si layér, measured at 100 points over the whole region
thereof, exhibited a uniformity of 201 + 4 nm.
The SOI surface is rough, but the substrate in
15 this state is preferably used in thé applications in
which the surface property is not important, such as in
the preparation of a solar cell or micrqmechanics.
However, in the applications very sensitive to the
‘surface property, such as the production of a thin film
20 transistor, it is necessary to flatten the surface of
the obtained sﬁbstrate by effecting a heat treatment
for example at 1100°C in a non-oxidative atmospheré
such as hydrogen. The surface roughness after the heat
treatment which was evaluated by an atomic force
25 microscope was about 0.2snm in the root-mean-square in
a region of 50 um square and was equal to that of the

commercially available Si wafer.



porous | ayer may al so be omtted. [ Exanpl e 2] The

surface of a first single-crystal Si substrate 15 menber was anodi zed
in HF solution under the f.oll ow ng condi tions, thereby making the.
surface porous: current densd t4r - 7 mA.cnjerr]

anodi zi ng sol ution: HF: H20: C2H50H = 1:1:1 tinme:

5mn 20 t hi ckness of porous Si: 5 pm Next ,
single-crystal silicon was epitaxially grown with a thickness of 0.3

pm by CVD under the follow ng ; rowi ng conditions, on thus fornmed
porous Si without The crogsreeqiianfl Qservation by a Jyansmigfgton

Si H2C 2/ H2 %las flowrate: _, 0.5/180 , 1/ nmin

gas pressure: electron migrogpqpe confirmed that the epitaxially

-42- t rature: . 50[ err] C growt h
rate: growp 8 FPrystal si lay_eﬁ]éﬁ.cghuﬁ NI of a thickness

f 200 | | ' face h 5
cpi taxi a1y or SERegerEpTRE Shy M RryledPldibod Wi, MUidEIHS [T

of the figsSt orcellHISl: dlq_rg_t}g_rtgy\_/as super posed and brought into
contact with the surface of another Si substrate nenber (second

substrate nenber) amthd e daNdRbsHRd Mcinbeld was TRIBRIGcaL [ atHeeal ed for
5 mnutes at 1180[err] C, whereby ' strong bondi ng was obt ai ned.

selective etching of the remaining porous Si thereon in

& mixture of 49% hydrofluoric acid 30% hydrogen
pero#ide solution undgr agitation, then to annealing in
10 a hydrogen atmosphere, and was thereafter used again as
the first or the second substrate member. The third
porous layer may also be omitted.
[Example 2]
The surface of a first single-crystal Si substrate
15 member was anodized in HF solution under the following

conditions, thereby making the surface porous:

current density: 7 mAscm™
anodizing solution: HF:H,0:C,HOH = 1l:1:1
time: 5 min

20 thickness of porous Si: 5 um

Next, single-~crystal silicon was epitaxially grown
with a thickness of 0.3 pm by CVD under the following
growing conditions, on thus formed porous Si without
oxidation thereof:

25 Source gas: SiH,C1,/H,
gas flow rate: | 0.5/180 1/min

gas pressure: 80 Torr



The bonded substrates were separated by the appli catlon of an
external force, whereby the separation took place inmedi ately under
the epitaxial 15 | ayer. As expl ained in the foregoi ng, when
after anodi zation the porous Si daper-is subjected to the

process of epitaxial growh, oxidation, bonding and hi gh-t enperature
treatnment w thout |lowtenperature 20 oxi dation, it undergoes a
structural change, whereby the smal| pores obtained by the

anodi zati on coagul ate mutual ly to expand the pore size. Since such
pore expansitempenatirzael y under the %ﬁﬂ"t(éxi al |ayer causes

the strain between the porous Si |ayer and the epitaxial Si |ayer,

t he separation takégqﬂﬁﬂxf%ﬁethe i ntQr é&yq%ﬁﬁebetmeen by the

train. result, there coul obt ai ne
> 43I - m%‘b ad?é‘tjoal layep,9f @ ch) g‘&ciﬂf"(‘:"ﬁn:?% 993 §™2%EfH on t he

Si oxide film Yol nd Substr nembe ra¥§ Si did not
remain on the ermaercgtéﬁ gbr Hte 9 fataetlon the SI ngxé%(:r%/s al | ayer. The

t hi cknesg; of t ax'5a11g qyd;ﬁpsslrﬂﬁzcrystal Si | ayer neasured at 100
e entir

poi nts er t e region ereof exhibited a uniformty
of 201 + 4 nm The surfadi® oiattﬁlréﬁelh§ekokb§hthgurfi&§% obt ai ned

substrate in this state is preferably us€d in th 10 applications in
whi ch the surfagastfae nianber s superposed and brought into
contact with the surface of another Si substrate member
(second substrate member) and the bonded substrate
10 members were annealed for 5 minutes at 1180°C, whereby
strong bonding was obtained.

The bonded substrates were separated by the
application of an external force, whereby the
separation took place immediately under the epitaxial

15 layer.

As explained in the foregoing, when after
anodization the porous Si layer is subjected to the
process of epitaxial growth, oxidation, bonding and
high-temperature treatment without low-temperature

20 oxidation, it undergoes a structural change, whereby
the small pores obtained by the anodization coagulate
mutually to expand the pore size. Since such pore
expansion immediately under the epitaxial layer causes
the strain between the porous Si layer and the

25 epitaxial Si layer, the separation takes piace at the
interface therebetween by the strain.

As a result, there could be obtained a



| nportant, such as in the production of a solar cell or

m cronmechani cs. However, in the present exanple, there was conduct ed
a heat treatnent at 1100[err]C in a hydrogen at nosphere. The surface
roughness whi ch was evaluated 15 by .amaatom ¢ force m croscope was
about 0.2 nmin the root - nean-square in a region of 50 pmsquare and
was equal to that of the commercially avail able Si wafer

The cross-sectional observation by a transm ssion el ectron

m croscope confirmed that the epitaxiall 20 grown single-crystal Si

| ayer did not ednghe-crystal @hekawenrhia dhiciness yaf - 2ot @s the

mai nt ai ned excellent crgstalllnlty The first substrate

nmenber was subj¥ctUHde £ the ggconq \%‘%’?E’Fﬁ% RAmReR. re'mﬂni ng
porous Si in a_ 25 xt of 49% drofl ric aC| 3 % perOX| de
sol uti on under pﬁﬁ‘f‘éﬁ r%’n &I’t{é?%'b %b? Seed tdaa %en to

surface polishiyg ereby.

- 44 - rltgésu f%j czt%s;% 031;e %Fﬁ"lerearfef ceklhesses(’j %fga?}l as the
first or te seqqnd @a‘ﬁ& i 1 [n@m&i 3=1t 100 ts The
surface of a first single- crysta | subs%%eaﬁe nber V\L/)ac"sl%nsodl zed
by i mrersion i npJdx éltér%hwqeégmn thertd¥r féammuwa CONh £ £ A%ty hereby
maki ng the surface por ous: current density:

mA. cni err] of 201 + afGggkzi ng sol ution: HF: H20: C2H err] OH = 1:1:1
10 tinme: 3 mn

The SOI surface is rough, but the obtained
substrate in this state is preferably used in the
10 applications in which the surface property is not
important, such as in the production of a solar cell or
micromechanics. However, in the present example, there
was conducted a heat treatment at 1100°C in a hydrogen
atmosphere. The surface roughness which was evaluated
15 by an atomic force microscope was about 0.2 nm in the
root-mean-square in a region of 56 pm square and was
equal to that of the commercially available Si wafer.
The cross-sectional observation by a transmission
electron microscope confirmed that the epitaxially
20 growh single~crystal Si layer did not exhibit
generation of any new crystal defects but maintained
excellent crystallinity.
The first substrate member was subjected to the
selective etching of the remaining porous Si in a
25 mixture of 49% hydrofluoric acid 30% hydrogen peroxide
solution under agitation, thereby removing porous Si,

and then to surface polishing, whereby the obtained



t hi ckness of porous Si: 3 pm Next, the substrate nenber was

oxi di zed for 1 hour at 400[err]C in an oxygen atnosphere, whereby

t he internal surface of the pores in the porous Si was covered with
15 a thermal oxide film Then, on-tHe& porous Si, single- crystal
Si was epitaxially grown with a thickness of 0.15 pm by CVD under
the followi ng grow ng conditions: Sour ce gas:

SiHd [err]/H2 gas flow rate: 0.5/180 1/mn 20
ggg[ 2; re]ssCur e'substra‘l:e d?%%?% ;.r%lgld thereafter b rrper Cidﬁq?]ln as the

Then an Si 02 er th| e formed by thernal
oxidation in %Jn% u?]?a 3 rse%(%%%éo lﬁ;iéoé)tg e ep| T taxi al | y grown Si |ayer.
Hydr ogen ion n was conducted fromthe surface of the
wafer as the first subs rate menber in

- 45 - Shitd) SuPPHEES o h@tfﬁ@c %ﬂqffé%‘r £&Kes1 eaphverd b
vicinity of the porous Si/epitaxial Si inter ions to be

i mpl ant &gl ar endiffer G GAnd@Ei 444 W Nidigerdion in Hnréfohhﬁfﬁmtuﬁdé& can

generate a separation |layer such 5 as an inplantation danmaged | ayer, a
hi gh concent riie ofollowing |Gymditionde thetely anblei myethie (sdxrface | ayer) or
a bubbl e | ayer at the interface. The surface of the Si Q2
| ayer of the gormis: substrate nenber was superposed and brought into
current density: 7 mAe*cm™?
anodizing solution: HF:H,0:C,H;OH = 1:1:1
10 time: - 3 min

thickness of porous Si: 3 pm.

Next, the substrate member was oxidized for 1 hour
at 400°C in an oxygen atmosphere, whereby the internal
surface of the pores in the porous Si was covered with

15 a thermal oxide film. Then, on the porous Si, single-
crystal Si was epitaxially grown with a thickness of

0.15 pym by CVD under the following growing conditions:

Source gas: SiH,Cl,/H,

gas flow rate: 0.5/180 1/min
20 gas pfessure: ' 80 Torr

temperature: | 950°C

growth rate: 0.3 pm/min.

Then an SiO, layer of a thickness of 100 nm was
formed by thermal oxidation in the surface region of
25 the epitaxially grown Si layer.
Hydrogen ion implantation was conducted froﬁ the

surface of the wafer as the first substrate member in



10. contact with the surface of another Si substrate nenber

(second substrate nenber) and was annealed for 5 m nut es, wher eby
strong bondi ng was obt ai ned. The anneal ing i s conducted under such
condition that the I mpl ant ati on gaggged | ayer, the high
concentration 15 | ayer of the inplant €l enent (strain layer) or the
bubbl e | ayer does not diffuse, and such | ayer constitute a
separation |ayer. The bonded substrate nenbers were separated
by the application of an external force, whereby the 20

separation t 00k,phage mahnkhe thakethaC préf dcteaP $tevkeSireaches thayer and
the epitaxial Si |ayer. ASs aresult, there could be obtained a

si ngl e- vibislidl Sf kakeporbus Bi/epitexiafl 8il ipFe@FabBE SThe _
oxide filmof the second substrate nenber. Porous Si 25 did not remain

on the separat ednsurbabe ahpllhftedngre not respecitiwal bait kanpebe die

t hi ckness of thus forned single- crystal Si |ayer which was neasured
at 100 poi nts ewngrelement that can generate a separation lay4@ such

the entire region thereof exhibited a uniformty of 101 2 nm

Then ther 8 wasasopnudmpdantasion: depaged: legery a high gepceatratdoperr]C

i n hydrogen. The surface_ roughness 5 eval uated by an atomc force

n croscope wasl&8B6&t of. Fhe 1mPlaﬁﬁPPneﬂﬁ@ePGoﬂsﬁééﬁnsé&XP€)iﬁraaregion of
50 pm square and was equal to.that of the commercially available S
waf er . bUbbl?hga¥?555F5§ i GREPTSBSE vati on by a transni ssion

The surface of the SiO, layer of the first

substrate member was superposed and brought into

10 contact with the surface of another Si substrate member
(second substrate member) and was annealed for 5
minutes, whereby strong bonding was obtained. The
annealing is conducted under such condition that the
implantation damaged layer, the high concentration

15 layer of the implanted element-(strain layer) or the
bubble layer does not diffuse, and such layer
constitute a separation layer.

The bonded substrate members were separated by the
application of an external force, whereby the

20 separation took place at the interface of the porous Si
layer and the epitaxial Si layer.

As a result, there could be obtained a single-
crystal Si layer of a thickness of 0.1 um on the Si
oxide film of the second substrate member. Porous Si

25 did not remain on the separated surface of the single-
c;ystal si layer. The thickness of thus formed single-

crystal Si layer which was measured at 100 points over



10 el ectron mcroscope confirnmed that the epitaxially gr own
single-crystal Si layer did not exhibit generation of any new
crystal defects but maintained excellent crystallinity.

The first substrate member was subjected @ the 15 removal of the
remai ni ng porous Si by selective etching in a mxture of 49%
hydr of | uoric acid 30% hydrogen peroxi de solution under agitation,
and coul d thereafter be reused as the first or the second substrate
menber . [ Exanpl e 4] 20 The surface of a first

si ngl e-cryst al the sntitrkatregion thefedifeexhdditedd sz @thiforimiter 2ifornoin HF
sol uti on under the followi ng conditions, thereby making the surface
por ous: * 2 nmgurrent density: 7 mA.cnferr] 25

anodi zi ng sol ution: HF: H20: C2H[err]OH = 1:1:1 time:

5 mn t Khekndberef wpsr condgicteds apipeat treatment for 1

- 47 - Next, the substrate nenber was oxidized for 1 hour

at 400[err] C i hoyr akyddR03Cmdnphydxrogrmer e Fe BurfRCe Foughness gyrface
of the pores in the %orous Si was covered wth a thermal OXIde film

Then the 8xi deSVRLRA ﬁdtﬁg an5at°m§ErFEEEep@PFFBFQSPetW@SpEP@H§ 8-2 ayer

was renmoved w th hus the inter.nal. wal g&t%% %pres in the .

surface port|oﬁmo%ntﬁgep598ﬁsm§9nr§§8Frﬁbfg ﬁofe@&SQr NS he
oxide film bu%nhh%agngahgilﬁwa%hﬁtogftQﬁe commercially available S;

wafer.
The cross-~sectional observation by a transmission
10 electron microscope confifmed that the epitaxially
grown single-crystal Si layer did not exhibit
generation of any new crystal defects but maintained
excellent crystallinity.
The first substrate member was subjected to the
15 removal.of the remaining porous 8i by selective etching
in a mixture of 49% hydrofluoric acid 30% hydrogen
peroxide solution under agitation, and could thereafter
be reused as the first or the second substrate member.
[Example 4]
20 The surface of a first single-~-crystal Si substrate
member was anodized by immersion in HF solution under

the following conditions, thereby making the surface

porous:
current density: 7 mAscm™
25 anodizing solution: HF:H,0:C,H;OH = 1:1:1
time: o _ 5 min

thickness of porous Si: 5 pm.



pores only in the |ower portion of the porous Si |ayer 10 wer e covered
with the oxide film Then the substrate menber was baked for 5

m nutes at 1040[err] C in hydrogen, whereby the surface pores of the
porous Si were filled. Then, on thg,surface of the porous Si having
the filled pores, there were epitaxially grown p- epitaxial |ayer
15 of single-crystal Si with a thickness of 0.5 pmand n[err]

epitaxial |ayer of single-crystal Si with a thickness of 1.0 pm by
CVD under the follow ng grow ng condi tions: source gas:
SiH2A 2/ H err] 20 Next, th@asubstirataimember was oxidizéd S8for 11 nhéur

gas pressure: 80 Torr t enper at ur e:

950[err]C at 400°Cgimvam oxygen atmosphere, Owllepabyi the internal Then
an Si2 layer of a thickness of 200 nmwas 25 formed by therma

oxi dation in tswrface ot theiprres in the porowpi Shxwas | govered Withayer.
The surface of the Si02 |ayer of the first

- 48 - a thexmal rexidesfilbn. VWEP%%pE?%dgﬁhd%nﬁi%WoH@hFh?nto

contact with the surface of anot her Si substrate nenb econd

subst rat € rrentr%‘ﬁ AR Q%Et‘aﬁ’?he%f ethe gpoxous Si aﬁ‘?ﬁu‘t’%% %ﬁm‘i‘i%@)[‘éﬁl]‘c
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with the oxide film, but the internal walls of the
pores only in the lower portion of the porous Si layer
10 were covered with the oxide film. Then the substrate
member was baked for 5 minutes at 1040°C in hydrogen,
whereby the surface pores of the porous Si were filled.
Then, on the surface of the porous Si having the filled
pores, there were epitaxially grown p- epitaxial layer
15 of single-crystal Si.with a thickness of 0.5 uym and n'

epitaxial layer of single-crystal Si with a thickness

of 1.0 ym by CVD under the following growing

conditions:
source gas: SiH,Cl,/H,

20 gas flow rate: 0.5/180 1/min
gas pressure: 80 Torr
temperature: 950°C
growth rate: 0.3 ym/min.

Then an SiO, layer of a thickness of 200 nm was
25 formed by thermal oxidation in the surface region of
the epitaxially grown Si layer.

The surface of the Si0O, layer of the first



internal walls of the pores, renoval of the forned 10 oxi de filmand
baki ng in hydrogen, prior to the epi taxial growth on the porous Si,
t he surface side | ayer of the porous Si lacking the oxide filmon
t he pore wal | by renoval w th HF_exgibited pore ~coagul ation,
whereby the surface side layer having a 1 | ower ed mechani cal strength
was fornmed as the separation |ayer imedi ately under the non-porous
| ayer. As a result, there could be obtained a single-
crystal Si layer of a thickness of 1.4 pmwith an n[err] 20 buri ed
| ayer, on the Subskrdtefnembet was sepengosed andsbbsughteiffegber. Porous
Si did not renmain on the surface of thus formed single-crystal S
| ayer, and thecontact vithkbeessuffate of nghetbeysSil sGbstagte memsered at
100 points over the entire area region thereof 25 exhibited a
uniformty of s@copdosubsirate member) gndnwafcannesiedtfomebber was
subj ected to a heat treatment for 1 hour at 1100 Cin hgdfogen. The
- 49 - minutes RE LHEQ senddRerhy (SEERNG HePRAIRG WaS ehtaieedc

| n the averaged squar e coar seness

0.2
o regiBn of 50" pihe Bepasd ikatTate nélieEd Vere  sepath *hoy the
i i . S fer. Th - tional .
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Since there were conducted oxidation of the

internal walls of the pores, removal of the formed
10 oxide film and baking'in hydrogen, prior to the
epitaxial growth on the porous Si, the surface side
layer of the porous Si lacking the oxide film on the
pore wall by removal with HF exhibited pore
coagulation, whereby the surface side layer having a
" 15 lowered mechanical strength was formed as the
separation layer immediately under the non-porous
layer.
As a.result, there could be obtained a single-
crystal Si layer of a thickness of 1.4 pym with an n'
20 buried layer, on the Si oxide film of the second
substrate member. Porous Si did not remain on the
surfacé of thus formed single-~crystal Si layer, and the
thickness of the single-crystal Si layer measured at
100 points over the entire area region thereof
25 exhibited a uniformity of 1.4 * 0.02 pm.
Then the substrate member was subjected to a heat

treatment for 1 hour at 1100°C in hydrogen. The



generation of any new crystal defects but nmaintained excel | ent
crystallinity. 10 The first substrate nenber was subjected to the
surface polishing of the remai ning porous Si, and could t hereafter
be reused as the first or the second _ 9 Ssubstrate nenber.

[ Exanpl e 5] 15 The surface of a.%lrst single-crystal Si substrate
menber was anodi zed by i nmersion in HF solution under the foll ow ng
condi tions, thereby making the surface _ porous: current
density: 7 mM.cnferr] 20 anodi zi ng sol ution:

HF: H20: C[ er r | Hy@rfa&dl codrdedess evaluatedtthereafter by an atomic 5 min

t hi ckness of porous Si: 5 pm Next, the substrate nenber was
oxi di zed for 1fdwee microscape 408§ cabddti 0. Anmwxigethat avsphged, wher eby
the internal 25 surface of the pores in the porous Si was covered with
a thermal oxi deqdaten caheseness t heranregkoneofi $éh im square am@ wasface
portion of the porous Si was renoved with

- 50 - equaj tthhaFH%fmhﬁ%rc%@m?ﬁ%l?}¥¥ta%%b%??%?eshé%%5$rmas

pl aced in_ an epitaxy apparatus and baked f m nut es, at

1040[ err]T i n hydr of3% $EPFFTFEEHECDD e%b%ﬂrYﬁElon by a tr3nglisfiRlof the

porous St O SRR Roalle cdherlR RS HE RIS L0,

thickness of grown éﬁébf£Q£§§§{£}m§£”f&?éroaﬂ&nhStcgfﬂlﬁf% vapor
generation of any new crystal defects but maintained
excellent crystallinity.

10 The first substrate member was subjected to the
surface polishing of the remaining porous Si, and could
thereafter be reused as the first or the second
substrate member.

[Example 5]

15 The surface. of a first single-crystal Si substrate

membef was anodized by immersion in HF solution under

the following conditions, thereby making the surface

porous:
current density: 7 mAecm™
20 anodizing solution: HF:H,0:C,H,OH = 1:1:1
time: 5 min

thickness of porous Si: 5 pm
Next, the substrate member was oxidized for 1 hour
at 400°C in an oxygen atmosphere, whereby the interna;
25 - surface of the pores in the porous Si was covered with
a thérmal oxide film. Then the thermal oxide film in

the surface portion of the porous Si was removed with



deposition) under the follow ng grow ng conditions: source gas:
TME AsH3/H err] 10 gas pressure: 80 Torr

t enper at ur e: 700C. ~ The surface of the GaAs | ayer of
the first substrate nenber was supeggosed and brought into

contact with the surface of another Si substrate nmenber 15 (second
substrate nenber) and was anneal ed for 1 hour at 700[err] C, whereby
strong bondi ng was obt ai ned. The bondi ng substrate nenbers were
separ at ed by the application of an external force, whereby the

di vi sion took pHEce Theaditheewmpfemdas the Edfst BUbstrepet aember| apnsr.
Since the surface side |ayer of the porous Si was subjected to
renoval of the pkadedf ihnronephitapyr epparatusyands wast bakedddoirn§ baki ng in
hydrogen prior to the epitaxial growh, the surface side |ayer

| acki ng the 25minugepdatf LPAPGE dnehygdregeal toefhildi the poresceagthsti on
and had a | owered nechanical strength, thereby formng a separative
| ayer. surface side of the porous Si.”  0Opqthe surface of thepg g

result, there coul d be_gbtained si ngl, e- crystal GaAs | ayer of a
t hi ckness 8f 0.BOpARSnStheaving %hgﬁcgﬁglgp §HE§FP§¥8°ﬁ?ﬁbeF?n7ﬁé-thickness

LI 4. T N EN A S T N E S

over the entire region ereo orm + 0.01
pm ' 0.5 um by MOCVD (metal organic chemical vapor

deposition) under the following growing conditions:

source gas: TMG/AsH;/H,
10 gas pressure: 80 Torr
temperature: 700°C.

The surface of the GaAs layer of the first
substrate member was superposed and brought into
contact with the surface of another Si substrate member

15 (second substrate member) and was annealed for 1 hour
at 700°C, whereby_strong bonding was obtained.

The bonding substrate members were sebarated by
the application of an external force, whereby the
division took place immediately under the GaAs

20 epitaxial layer. -

Since the surface side layer of the porous Si was
subjected to removal of the oxide film on the pore
walls with HF during baking in hydrogen prior to the
epitéxial growth, the surface side layer lacking the

25 oxide film on the pore wall exhibited pore coagulation
and had a lowered mechanical strength, thereby forming

a separative layer.



Thereafter surface touch polishing was conducted since the surface

of the GaAs | ayer was rough and it was possi ble to have renai nder of
Si. Thus the 10 pol i shed surface roughness was equal to that of the
comercially avail abl e GaAs wafer. - 51 -lhe cross-sectional
observation by a transm ssion el ectron m croscope confirmed that the
epitaxially grown single-crystal GaAs |ayer did not exhibit 15
generation of any new crystal defects but maintained excel | ent
crystallinity. As the second substrate nenber, a

sur face-oxi di zed As & rasfislt atthemrieruldhbeh ohtsseiched s esichgife+ he Si
substrate nenber. Also the bonding may be conducted 20 after the
formati on of a depuositald GAR Ydayen @f tehetlgickness ofUbsd rm eomeriiser or on
the GaAs film In such case, the finally obtained substrate is used
as GaAs on an  secorih&ij @aubateahss mephenenifthe thickness of Thhusg | r st
substrate menber was subjected to 25 selective etching with a m xture
of 49% hydr of | uorfiqrmed Slnga?(ﬁ‘tfzfi@%q’?y(ﬁa@g%H-%’bﬂ%‘%’iﬁ%ﬁ"br?‘%d@lnts

agitation t renove the remainin orous Si. Qn. the first_substrate
P NS opemdihe SREGRRPHIRT dHieReeh SRRl teil 9, LRI o

or the second substrat r. [ Exanpl e 6] On a first
si ngl e-crystal Sioétf%sfrmr%"e'r, 5 single-crystal Ge was

epitaxially grown W thya roafter tﬂﬂg&s%ﬁctp'&glﬂﬁﬁyg A Wultluddsa

foll owi ng grow ng
since the surface of the GaAs layer was rough and it

was possibie to have remainder of Si. Thus the
10 polished surface roughness was equal to that of the
commercially available GaAs wafer.

The cross-sectional observation by a transmission
electron microscope confirmed that the epitaxially
grown single-crystal GaAs layer did not exhibit

" 15 generation of any new crystal defects but maintained
excellent crystallinity.

As the second substrate member, a surface-oxidized
Si substrate member may be used instead of the Si
substrate member. Also the bonding may be conducted

20 after the formation of a deposited SiO, f£film on the Si
substrate member or on the GaAs film. In such case,
the finally obtained substrafe is used as GaAs on an
insulating substrate member.

The first substrate member was subjected to

25 selective etching with a mixture of 49% hydrofluoric
acid 30% hydrogen peroxide solution under agitation to

remove the remaining porous Si on the first substrate



condi ti.ons: source gas: GeH4/ H2 gas
flow rate: 0.1/180 1/mn 10 gas pressure: 80
Torr t enper at ur e: 700C - growt h rate:
0.05 pm mn. Then on the epitay al Ge |ayer, single-crystal Si
was epitaxially grown with a thickness of 0.5 pmby CvD 15 under the
foll ow ng grow ng conditions: source gas:

Si H4Cl 2/ H2 gas flow rate: 0.5/180 1/mn

gas pressure: 80 Torr t enper at ure:

950[err]C 20 member, HrdMdould ethereafter be uUkéd Mfdlim.as the first Then
an Si 2 | ayer having a thickness of 200 nm was formed by thernal

oxi dation in thke sthd axmconed)isubsifrate membdw. epitaxially growmn Si |ayer.
The surface of the Si2 | ayer was superposed and 25 brought into
contact with tHE=amdleSbf a separate Si substrate nenber (second
substrate nenber) and was anneal ed for 5 mnutes at 1180[err]C,

wher eby strong On a first single-crystal Si substratg member,

bondi ng was obt aj ned. The bonded substrate nenbers were

separ at ed Dy t Fingle-crygial & (WiAF SPIHRRAAEHh TR L Rvfer eby t he
separation too | ace at t | t axi.al Sl{ Ge jnterfacg. S 1t is
al ready known mcqﬂﬁse%t%th;qu% e (Ryuc(‘e%d{ Unddr The tEOllOWlng growing

conditions: :
source gas: GeH,/H,
gas flow rate: 0.1/180 1/min
10 gas pressure: 80 Torr
temperature: 700°C
growth rate: 0.05 pm/min.

Then on the epitaxial Ge layer, single-crystal Si

was epitaxially grown with a thickness of 0.5 pm by CVD

15 ﬁndef the following growing conditions:
source gas: SiH,Cl,/H,
gas flow rate: 0.5/180 1/min
gas pressure: 80 Torr
temperature: g950°C

20 growth rate: 0.3 pm/min.
| Then an Si0, layer having a thickness of 200 nm was
formed by thermal oxidation in the surface region of
the epitaxially grown Si layer.
The surface of the SiO, layer was superposed and
25 brought into contact with the surface of a sepérate Si
substrate member (second substrate member) and was |

annealed for 5 minutes at 1180°C, whereby strong



into the interface due to a difference in a lattice const ant bet ween
Si and Ge. Also, if either layer is ultra thin, the defects tend to
be introduced into such ultra thin film Accordingly, in the present
exanmple, 10 the defects are introducegqinto the Ge film Because

of such difference in the lattice constant and I ntroduction of
defects, the Si/Ge interface becones weaker and causes cl eavage.

As a result, there could be obtained a single- 15 crystal Si |ayer
having a thickness of 0.5 pm on the Si oxide film The thickness of
the single-crypoadiflg was obtadyed.measured at 100 points over the entire
regi on thereof exhibited a uniformty of 501 10 nm

Further, a heat tregheehbhondas cubstrbee memberisowere?@eparattei]l ®Y{ ahel C i n
hydrogen. The surface roughness eval uated thereafter by an atomc
force m croscopppldsadbont of. an externah ifordes mherebyarthequare in a
regi on of 50 pm square and was equal to that of the commercially
avail able Si separajipss tooksplace at the epidaxiad: Sdffe dpdemfaceon by a

transm ssion el ectron mcroscope confirned that the gpltaX|aIIy
grown singl e- crystaFtSFSI3§€FaGdeH8Fﬂa (defects are introduced

- 54 - f def b d
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5 and coul d°PESHSE agai n
ultra thin, the defects tend to be introduced into such

ultra thin film. Accordihgly, in the present example,

10 the defects are introduced into the Ge film. Because
of such difference in the lattice constant and
introduction of defects, the Si/Ge interface becomes
weaker and causes cleavage.

As a result, there could be obtained a single-

15 crystal Si layer haviﬁg a thickness of 0.5 pm, on the
Si oxi@e film. The thickness of the single-crystal Si
layer measured at 100 points over the entire region
thereof exhibited a uniformity of 501 %+ 10 nm.

Further, a heat treatment was conducted for 1 hour

20 at 1100°C in hydrogen. The surface roughness evaluated
thereafter by an atomic force microscope was about 0.2
nm in the root-mean—sqﬁare in a region of 50 um square
and was equal to that.of the commercially available Si
wafer.

25 The cross-sectional observation by a transmission
electron microscope confirmed that the epitaxially

grown single-crystal Si layer did not exhibit



substrate nenber. [ Exanpl e 7] ~ The surface of a first
single-crystal Si substrate “menber was anodi zed by imersion in HF
sol ution under 10 the foll owi ng conditions. Condi tions for
forming a first porous |ayer to be _ shpgned at first:

current density: 1 mA.cnferr] anodi zi ng sol ution:

HF: H20: C2H50H = 1:1:1 15 tinme: 0.1 mn

t hi ckness of porous Si: 0.02 pm - Conditions for formng a second
porous | ayer: current density: 50 mA.cnferr] 20

anodi zi ng sol Ugep@ration of a4 rieheddydtil lddtects buk maintained time:

5 sec t hi ckness of porous Si: 0.1 pm Condi tions for
formng a thiréxpellent @tsfstallinity. current density: 7
mA.cnferr] 25 anodi zi ng sol ution: HF: H20: C2H err]OH = 1: 1: 1
time: The firktmsubstrate memberhwdEsesdjeictedrdws Si: 1 pm
- 55 - Under these anodizing conditions, the second
porous Si | ayeremomadd ofi tihen nemadgvingl Gesiltayest 30 surface peldgshimgvi ng a
t hi ckness | ayer than the first porous | ayer exhibited a | argest
porosity &nd b@dgneeuld be used again as the first or the second

substrate member.

[Example 7]

The surface of a first single~-crystal Si substrate
member was anodized by immersion in HF solution under
10 the following conditions.
Conditions for forming a first porous layer to be

formed at first:

current density: 1 mAecm™
anodizing solution: HF:H,0:C,H,OH = 1:1:1
15 time: 0.1 min

thickness of porous Si: 0.02 pm.

Conditions for forming 5 second porous layer:

current density: "50 mAecm™
20 anodizing solution: HF:H,0:C,H,OH = 1:1:1
time: : 5 sec

thickness of porous Si: 0.1 pm.

Conditions for forming a third porous layer:

current density: 7 mAscm™?
25 anodizing solution: HF:H,0:C,H,OH = 1:1:1
time: 1 min

thickness of porous Si: 1 pm.



5 structurally nore fragile |ayer. The substrate menber was
-then oxidized for 1 hour at 400C i n an oxygen at nosphere, whereby

t he internal - surface of the pores of the porous Si was covered with
a thermal oxide film The wafer as the sulstrate 10 menber was then

pl aced in an epitaxy apparatus, and was baked for 5 m nutes at
1040[err] C in a hydrogen atnosphere, wher eby the pores on the
surface side of the porous Si were filled. As a result, the
outernost first porous Si layer formed with the current density of 1
mA.cnferr] 15 VBISAEn Ned § & Candd Dz 16 - POMdLIE1 Shidf ethe Ssds@suent |y, on
the | ayer converted into the non-porous state, single- crystal S

was epit axi al |gompwswSini ldyer t foohebseith a curreft demsbyy @M, sender the
foll owi ng grow ng cond| tions: source gas:

Si H2Cl 2/ H2  20mAs*cm™ hayimgféovhickeess layer than5the€0fifsti porous

gas pressure: 80 Torr tenperature:

950[err] C 1ayer exhibjiked (gtlargest porosity) anghegomes Then
an Si 02 |ayer havi a thickness_of 200 nmwas 25 formed by thernal '
oxi datiorin t%‘ér ’?Rjelif é‘b‘?’iﬁ\ fragile laif?\"é epitaxially grown Si |ayer.

A separate quartz bstr nenber (.secon

- 56- subs ?ﬁ)"e‘?"’} %ﬂr"f"%ﬁi lf‘?réeﬁ’é’cpjvﬁ?ql 9%} PMBsma and
rinsed with the of the first
substrate Wa\éva"'%superposerhd1 agrhjcg ?éc? erd, W!E t=fena"éttr\lﬁ HRYerne

pl asma-treat e%m&&&%@“tﬁ&%&@é tc;f the porous Si was covered with

a thermal oxide film. The wafer as the substrate

10 member was then placed in an epitaxy apparatus, and was
baked for 5 minutes at 1040°C in a hydrogen atmosphere
whereby the pores on the surface side of the porous Si
were filled. As a result, the outermost first porous
Si layer formed with the current density of 1 m-Aocm'2

15 was converted into non-porous state. Subsequently, on
the layer converted into the non-porous state, single-
crystal Si was epitaxially grown with a thickness of

0.3 pym by CVD, under the following growing conditions:

source gas: _ SiH,Cl,/H,

20 gas flow rate: 0.5/180 1/min
gas pressufe: 80 Torr
teﬁperature: 950°C
growth rate: 0.3 pm/min.

Then an SiO, layer having a thickness of 200 nm was
25 - formed by thermal oxidation in the surface region of
the epitaxially grown Si layer.

A separate quartz substrate member (second



5 . substrate nenber, and heat treatnent was conducted for 60

m nutes at 400[err] C, whereby strong bondi ng was obt ai ned.

The bonded substrate nenber were separated by the application of an
external force, that is, by causing 10 !ﬂﬁstruction of the | ayer having
a larger porosity i medi at el y undeér € non-porous Si |layer to

di vi de into two substrate nenbers. Since the first
porous Si |ayer was nmade non- porous by the baking in hydrogen prior
to the epitaxial 15 grow h on the porous Si, the porous Si |ayer forned

ith th t ' : L | i ' | ahgl
wi e ol ente et o i A0l SEQUAE Lien v phUBRY 28 Y

under the non- por ecane yer porosity.

As a result, thefgLoilwh ©ig Wi NedrfedONEROISMSfackd) of SHIBFOCHY Si
| ayer having a thickness of 0.2 pmon the Si oxide filmof the

second substrat efetHerfirst subdltrats was dberposeadrand Brddghtsuidtse of
t he single- crystal Si layer. The thickness of thus fornmed single-
crystal Si |ayercorest edi ¢l tHd plasns-tneatddeswnface o25the queayrion

t hereof exhibited a uniformity of 201 4 nm Further, a heat
treat ment vias coubhstmate gnember, and theat treatnengorasitcendugird fer e of
1000[ err] C or | ower. ) - 57 -

The surface roudithesknukes (it 4PHICarvhaxght Fererg bondingiwadscope was

about 0.2 nmin the root-nean-square in a region of 50 pm square and
was equal to th@PtALined

The bonded substrate member were separated by the
application of an external force, that is, by causing
10 destruction of the layer having a larger porosity
immediately under thé non-porous Si layer to divide
into two substrate members.
Since the first porous Si layer was made non-
porous by the baking in hydrogen prior to the epitaxial
15  growth on the porous Si, the porous Si layer formed
with the current density of 50 mAecm™? and provided
immediately under the non-porous Si became the layer
having highest porosity.
As a result, there could be obtained a non-porous
20 single-crystal Si layer having a thickness of 0.2 pm on
the Si oxide film of the second substrate member.
Porous Si did not remain on the surface of the single-
crystal Si layer. The thickness of thus formed single-
crystal Si layer measured at 100 points over the entire
25 region thereof exhibited a uniformity of 201 + 4 nm.
Furtﬁer, a heat treatment was conducted for 3

hours in hydrogen at a temperature of 1000°C or lower.



.commercially available Si wafer. 5 The cross-sectional

observation by a transm ssion el ectron m croscope confirned that the
epitaxially grown single-crystal Si layer did not exhibit

generation of any new crystal defects but_ nmintained excel | ent
crystallinity. 10 The first subfrate nenber was subj ected to

sel ective etching with a m xture of 49% hydrofl uoric acid and 30%
hydr ogen peroxi de sol uti on under agitation to renmove the porous S
remai ning on the first substrate nenber. Then, the first substrate

menber was - lpne %éf’f’é@%tfgu@né‘é‘é‘eﬁééé Ia‘i:th ab{?%’ﬂféogﬁami‘é "pgpLgr e, and

could thereafter be used agarn as t rst or . second substrate
menber. The thy &£ H0508Swd8YSHoRY0.2 nm iRl 8RePPo8ELMESA-square 1hEXaNDI €

8] 20 The surface of a first single-crystal Si subStrate

nmenber was an®di&@foRYof NBE! sh OfqhdrsFase! waso8qualieto that ot hendol | owi ng
condi ti ons. Conditions for formng a first porous |ayer to be
formed at fircémmeRZSially availabbatSilenaféy. 1 micnferr]
anodi zi ng sol ution: HF: H20: C2H50H = 1:1:1 tinme:

0.25 mrb The cross-sectional observation-bg8a-transmission

t hi ckness of porous Si: 0.05 pm Conditions for formng a second

porous | ayer:electron micreseop@tceorfisrmed that the epingxtadlyr]

grown single-crystal Si layer did not exhibit
generation of any new crystal defects but maintained
excellent crystallinity.

10 The first substrate member was subjected to
éelectivé etching with a mixture of 49% hydrofluoric
acid and 30% hydrogen peroxide solution under agitation
to remove the porous Si remaining on the first
substrate member. Then, the first subsfrate member was

15 subjected to annealing in a hydrogen atmosphere, and
could thereafter be used again as the first or the
second substrate member. The third porous layer may
also be omitted.

[Exampie 8]

20 The surface of a first single-crystal Si substrate
member was anodized by immersion in HF solution under
the following conditions.

Conditions for forming a first porous layer to be
formed at first:

25 current density: 1 mAecm?

anodizing solution: HF:H,0:C,HOH = 1:1:1

time: 0.25 min



anodi zi ng sol ution: HF: H20: C2H[err]OH = 1:1:1 5 time:
5 sec t hi ckness of porous Si: .1 pm Condi tions for .
formng.a third porous |ayer to be formed finally: :
current density: 7 mA.cnferr] 10 anodi zi ng sol ution

HF: H20: C2H err] OH = 1:1:1 timed98 - 1 nmin

t hi ckness of porous Si: 1 pm Under these anodi zi ng
conditions, the second porous Si layer formed with a current density
of 50 15 mA. cnferr] becane thicker than the first porous |ayer and

exhi bited a | argest QR??%%F 5 g@ebgggughgig$ﬁgqgsp§&ous Si | ayer

becomi ng structurally € ‘subsStrate nmenber was then

oxi di zed for 1 bgairions £8t 483hinGl & bBcBRAOKKIBLSARARERRer e, wher by

t he internal surface o e pores of the porous Si' was covered with
a thermal oxide fil mgyFkantahehsagythe first sabmhe ame menber was
then placed in a hydrogen baki ng appar at us, and was baked for 5

m nutes at 1040[ err] &nbdi2iRyds6gation: at HES AeT @& H 0hesebylt be pores on
the surface side of 25 the porous Si were filled. As a result, the

out ernost 5 firsimporous Si | ayer fornmedSwsel the current density

of 1 mA. cnferr] was converted into non-porous state. Thus

- 59 - obt ¥hacltneses- pér paxougy8i:waf.3 wmagl e-crystal |ayer of

excel l ent quality. _
Conditions for forming a third porous layer to be

o O Il

formed finally:

current density: 7 mAecm?
10 anodizing solution: HF:H,0:C,H,OH = 1:1:1
time: 1 min

thickness of porous Si: 1 um.
Under these anodizing conditions, the second
porous Si layer formed with a current density of 50
15 mAscm™? became thicker than the first porous layer and
exhibited a largest porosity, whereby the second porous
Si layer becoming structurally fragile.
The substrate member was then oxidized for 1 hour
at 400°C in an oxygen atmosphere, whereby the internal
20 surface of the pores of the porous Si was covered with
a.thermal oxide film. The wafer as the first substrate
member was then pladed in a hydrogen baking apparatus,
and was baked for 5 minutes at 1040°C in a hydrogen
athosphere, whereby the pores on the surface side of
25 the porous Si were filled. As a result, the outermost
first porous Si layer formed with the current density

of 1 mA*cm™? was converted into non-porous state. Thus



Then, w thout vapor epitaxial growmh, SiJerr] |ayer havi ng a

t hi ckness of 20 nmwas forned by thernal 5 oxidation in the surface
region of the epitaxially grown Si | ayer. The surface of
the Si2 | ayer was superposed and - bypught into contact with the
surface of another Si substrate nenber (second substrate nenber) and
heat 10 treatnment was conducted for 5 mnutes at 1180[err]C,

wher eby strong bondi ng was obt ai ned. The bonded substrate
menber were separated by the application of an external force, that

i s, by causi ng obtainedesentporaws clayemr wagecr $ingle-erystagbslayer ofty to
15 divide-into two substrate nenbers. The heat treatnent on
the surface of ¢¥pebkernt quality. a function of noving Si atons, thereby
filling the pores on the surface side. Also H2 rennves t he surface

oxide filmand preveR@n HEL PRIEHFIRFHERFEREIARL (FFOWER, SiQ,JaYer 5 . J.

El ect h Sac \ol 199 H2 baki
t h:CSir O;t gm; C(c)i?ﬁ‘ﬁ?%ot? néhléknesstch% ﬁr%’? "{ﬁﬁ ofu ‘?)‘%99 Yﬁ]%r%aconsuﬁeljn?or

he' current aer@rigRRISR e Npthbod SORLRORE Sl en MBLLPLPE!, YL

t he out er nost NPLGHOT Ous single crystal Si exhibited the
hi ghest por03|téggwn(§1 ot As a result, there could be obtained a
- 60 - Si NBh&E-ShYPAGe ¥ éﬁé/esl@a 73 wald FupRTporledt@nam on

the Si oxide filmof the second substrate ‘menber. The
brought into contact with the surface of another Si

substrate member (second substrate member) and heat

10 treatment was conducted for 5 minutes at 1180°C,
whereby strong bonding was obtained.

The bonded substrate member were separated by the
application of an external force, that is, by causing
destruction of the layer hav1ng a largest porosity to

15 divide into two substrate members.

The heat treatment on the surface of porous Si has
a function of moving Si atoms, thereby filling the
pores on the surface.side. Also H, removes the surface
oxide film and prevents the regeneration thereof (N.

20 Sato et al. J. Electrochem. Soc., Vol. 142, No. 9, 3116
(1996)). In the H, baking, the Si atoms constituting
the first porous Si layer are consumed for filling the
pores, whereby the second porous Si layer formed with
the current density of 50 mAecm? and provided

25 immediately under the outermost layer of'non-porous
single-crystal Si exhibited the highest porosity.

As a result, there could be obtained a



thi ckmess of thus forned single-crystal Si |ayer measured at 100

points over the entire region thereof 5 exhibited a uniformty of 40
0.8 nm Further, a heat treatnent was conducted for 1 hour

in hydrogen at 1000[err]C. The surface-rggghness eval uated by an
atom c force mcroscope was about 0.2 nmin the root - mean-square in
a region of 50 pmsquare and was 10 equal to that of the commercially
avai l able Si wafer. The cross-sectional observation by a

transm ssion el ectron nicroscoge confirnmed that the epitaxially
grown si ngl e- 8ipglerceystajefidlgyast hayhngi 8 thicknegsnefatPopmoPnany new

crystal defects but mai.ntained 15 excellent crystallinity
The first subsPpaPid RE#HEr £HdR ofukheceegong s“bStra§§IE€FP§E et TRPng wi th

% hydr of d 30% h d d
i fat) an-te Phichaeot b’ this' formeg e RBURaERYRY LN LeORT S hen. the T 1 st
20 | oSt ahe U oBUBk oG R0k OngRNEOLE Unk oA Y 235 on ¢hereBETDSPher €

and coul d therea bé “usé t he "'seécond

substratg ngngghlbIditgl&H198£@2§¥ of 40 ta¥eB RRY al so be omitted.

[ Exanp e sur a first single-crystal Si substrate
was anodlzed by | nFRE€hER, | B HBatotvbhemeHBIQEs! B8nducted ¥ek! 2WhBdr

condi tions, thereby naklng t he surface
- 61 - in hparoégen at 1000°C. The surface roughness evaluated
by an atomic force microscope was about 0.2 nm iﬁ the
root-mean-square in a region of 50 pym square and was
10 equai to that of the commercially available Si wafer.

The cross-sectional observation by a transmission
electron microscope confirmed that the epitaxially
grown single-crystal Sillayer did not exhibit
generatién of any new crystal defects but maintained

15 excellent crystallinity.

The first substrate member was, subjected to
selective etching with in a mixture of 49% hydrofluoric
acid 30% hydrogen peroxide under agitation to remove
the porous Si remaining thereon. Then, the first

20 substrate was subjected to annealing in a hydrogen
atmosphere and could thereafter be used again as the
first or the second substrate member. The third porous
layer may also be omitted.

[Example 9]

25 The surface of a first single-crystal Si substrate

was anodized by immersion in HF solution under the

following conditions, thereby making the surface



current, density: 1 micnferr] anodi zi ng sol ution:

HF: H20: C2H err]OH = 1:1:1 tinme: _ 0.5 mn 5
t hi ckness of porous Si: 0.1 pm The substrate nmenber was then
oxi di zed for 1 hour at 400[err]C in an oxygen atnosphere, whereby

t he internal surface of the pores-oBlthe porous Si was covered with
a thermal oxide film The wafer as the first substrate 10 menber was
then placed in an epitaxy apparatus, and was baked for 5 m nutes at
1040[err] C in a hydrogen atnosphere, wher eby the pores on the
surface side of the parous Si were filled. Subsequently,

si ngl e-crystal P8 was epitaxially growmm with a thickness of 0.3

pm by CVD on 15 Eﬁ&giékywaagéqQ&qus Si undqy“hg .ol | owi ng grow ng

condi tions: sour ce gas: I H2Cl 2/ H2 gas

flow rate: Eion: -9285. BEBRULET . 111 80
Torr 20 ten€g$§§%§%g Solution QSEFérF?dgzsé 1 gr owt h

rate: 0. $igd.m n. Thep .ahm3nd err] | ayer having a
t hi ckness of 200 nm was formed by thermal oxidation in the surface

region of 5 t he thiidkmess lof goawusSiSil:ayer.l pah The surface of
the Si2 | ayer was superposed and brought into contact with the
surface of anot her SiThe substyaitet memberewas theoc oxd ddzest fare Imbyoluer ) and
was - 62 - annealed for 5
m nutes at 1180p&r #PQO° Cniisy @py oxyigeng atmosphere, whereby the internal

surface of the pores of the porous Si was covered with
a thermal oxide film. The wafer as the first substrate
10 membei was then placed in an epitaxy apparatus, and was
baked for 5 minutes at 1040°C in a_hydrogen atmosphere,
whereby the pores on the surface side of the porous Si
were filled. Subsequently, single-crystal silicon was

epitaxiaily grown with a thickness of 0.3 pm by CVD on

15 thus formed porous Si under the following growing
conditions:
source gas: SiH,Cl,/H,
gas flow rate: 0.5/180 1l/min
gas ﬁressure: 80 Torr
20 temperature: 950°C
growth rate: 0.3 um/min.

Then an SiO, layer having a thickness of 200 nm was
formed by thermal oxidation in the surface region of
the epitaxially grown Si layer.

25 The surface of the Si0O, layer was superposed and
brought into contact witﬁ the surface of another Si

substrate member (second substrate member) and was



bondi.ng was obt ai ned. . The bonded substrate nenbers were
separated by the - application of an external force to divide them by
t he 5 thin porous |ayer. . As a result, there could be
obt ai ned a singl e- crystal Si layer having a thickness of 0.2 pmon
the Si oxide filmof the second Sf%sttate menber. The porous

| ayer which remai ned without conversion into the non- 10 porous state
did not remain as a |layer after the separation but only remai ned as
surface roughness on the single-crystal Si layer. The thickness of

t hus f Rl & Gy | Yl g RS ]%9:8-94 nts

over the enti?{a reglﬁéo&ngécﬁ%%o@%( e%biAtf'tsa‘dlejgia uni (L)L?ﬁn?ﬁé;/gyl f 201 4 nm
For the appli Gdding Wy sssiddye to the surface property, such as
production of a thin filmtransistor, a heat treatnent was further:

conducted for 1 howheitbonded subd¥d£te |enbbrs Rysls dpatd@sd 8y echd he
surface roughness 20 eval uated by an atom c force m croscope was about

0.2 nmapplitatieni -oF ah SRttgradln forcay ity difvide prham Uy ethe

and was equal to that of the commercially available Si waf er .
The cros$ sectthdmalpoxraey ladyean by a transm ssion 25 el ectron

m croscope confirnmed that the epitaxially grown single-crystal S
| ayer did not exhiBig a resultyerthend qewld ey ohtweinedtan|sifdlect s but

mai nt ai ned . . . ' - 63 -
crystal Si layer having a thickness of 0.2 um on the Si

oxide film of the second substrate member. The porous
laye: which remained without conversion into the non-
10 porous state did not remain as a layer after the
separation but only remained as surface roughness on
the single-crystal Si layer. The thickness of thus
formed single-crystal Si layer measured at 100 points
over the entire region thereof exhibited a uniformity
15 of 201 * 4 nm.
For the applications very sensitive to the surface
property, such as production of a thin film transistor,
a heat treatment was further conducted for 1 hour at
1100°C in a hydrogen atmosphere. The surface roughness
20 evaluated by an atomic force microscope was about 0.2
nm in the root-mean-square in a region of 50 pm square
and was equal to that of the commercially available Si
wafer.
The crosé—sectional observation by a transmission
25 electron microscope confirmed that the epitaxially
grown single-crystal Si layer did not exhibit

generation of any new crystal defects but maintained



excellent crystallinity. The first substrate nenber with

surface roughness was subjected to surface snoothing treatnent by
hydr ogen anneal i ng wi t hout etching or polishing, and 5 coul d
thereafter be used again as the first or the second substrate.

[ Exanpl e 10] The surface of -a 63 rst single-crystal Si substrate
menber was anodi zed by inmersion in HF solution under 10 the foll ow ng
conditions, thereby meking the surface por ous: current
density: 1 mA.cnferr] anodi zi ng sol ution:

HF: H20: C2H50H = 1:1:1 L tinme: 1 mn 15

t hi ckness of pd?ﬁﬂé}%ﬁgt in??ﬁﬁllnity' The substrate menber was then

e 11,20 P!t coro AT AE HSRML: ULER L B0e gl RIS

surface of t ous” I'ayer ‘and

I nut t 104 | th
surface o de ofvdhe RAREHSLE SPARAF Snod BRI AP Veg imetiy pyPores on The
singl e-crystal yJaMRrdRiddesd Pldy W @Mut etchidd Lo Hdiakikss &a 0.3 pm

by CVD under the fol1ow ng ~grow ng conditions,” on thus forned porous
Si: 5 cHl GhedSafter be used agaiR@/the £brst or thdas flow
rate: 0.5/180 1/mn gas pressure: 80 Torr
tenperature: second subOfHtss ]| C

- 64 -

[Example 10]
The surface of a first single-crysta; Si substrate

member was anodized by immersion in HF solution under

10 the following conditions, thereby making the surface
porous:
current density: 1 mAscm™
anodizing solution: HF :H,0:C,H;OH = 1:1:1
time: 1 min
.15 thickness of porous-Si: 0.2 pm.

The substrate member was then placed in an epitaxy
apparatus without oxidation of the internal surface of
the pores in fhe porous layer and was baked for 5
minutes at 1040°C in a hydrogen atmosphere, whereby the
20 pores on the surface side of the porous Si were.filled.
Subsequently, single-crystal Si was epitaxially grown
with a thickness of 0.3 um by CVD under.the following

growing conditions, on thus formed porous Si:

source gas: SiH,Cl,/H,
25 gas flow rate: 0.5/180 1/min
gas pressure: ' 80 Torr

temperature: 950°C



grow h-rate: 0.3 pm mn. Then an Si 02 | ayer havi ng

a thickness of 200 nm was formed by thernmal oxidation in the
surface regi on of the epitaxially grown Si |ayer. 5 _ The
surface of the SiO[err] |layer was superposed and brought into
contact with the surface of another Si = 64 - substrate nember (second
substrate nenber) and was annealed for 5 mnutes at 1180[err]C,

wher eby strong bondi ng was obtai ned. 10 The bonded
substrate nenbers were separated by the application of an external

force to divide the . thin porti of the porous |ayer which
remai ned w t hout rl&]!:’é(wég?-:j[riiegljte(":'onverted into QR% ?%%ﬁﬁ%fous state.

As a result, there opwdd He S aiy éﬁn%iﬂgige‘ao)ﬁgmﬁ%rﬁy%?'zoﬁi Vel

havi ng a thickness of 0.2 pmorf th Ace the

internal wall ofoinisd 19 ethé¥mal oxidd¥oR iR Uehei syfadOtrdyd ok prior
to the epitaxial grow h, the porous Si imedi ately under the

epi t axi al the sapeitdwetsl®Ey fdwregin esi A&per si nce the porous |ayer 20

whi ch becanme fragile was very thin, it did not remain as a | ayer
after the Beparatiorfinitswrface enfithes SH0, layer wasf auperpogedeandon the
single-crystal Si layer. The thi ckness of thus forned single-crystal
Si |ayer braughty dnta cttant isthoehe tsurfane raf rasgitther &t eof 25

exhibited a uniformty of 201 4 nm Further, a heat treatnment
was conduct ed f%ﬁ’slt‘%iﬁ member (gecprgh[uthgtrate memhanyandwassphere. The

surface annealed for 5 minutes at 1180°C, Jﬁgfeby strong
bonding was obtained.

10 The bonded substrate members were separated by the
application of an external force to divide them by the
thin portion of the porous layer which remained without
being converted into the non-porous state.

As a result, there could be obtained a single-

15 crystal Si layer having a thickness of 0.2 pym on the Si
oxide film. Since the internal wall of the pores of
the porous Si was not oxidized prior to the epitaxial
growth, the porous Si immediately under the epitaxial
layer became fragile. Also, since the porous layer

20 which became fragile was very thin, it did not remain
as a layer after the separation but only remained as
surface roughness on the single-crystal Si layer. The
thickness of thus formed single-crystal Si layer
measured at 100 points over the entire region thereof

25 exhibited a uniformity of 201 * 4 nm.

Further, a heat treatment was conducted for 1 hour

at 1100°C in a hydrogen atmosphere. The surface



roughness eval uated by an atonic force nicroscope was about 0.2 nm

I n the root-nean-square in a regi-on of 50 pm square and was equal to
that of the commercially avai l able Si wafer. 5 The
cross-sectional observation by a transm ssion el ectron m croscope
confirmed that the epitaxially growl@Ssi-ngl e-crystal Si |ayer did not
exhi bi t generation of any new crystal defects and mai ntai ned
excellent crystallinity. 10 The surface roughness on the first
substrate nenber was renoved by slight surface etching with a

m xture of 49% hydrofl uoric iCi% gng 30% h dro % erOX|de sol uti on.

The first subst %&ﬁ gupluated by gn g ga'lt%o PGP BLRERRRERE MBS and
ld th ft d t t

coul d therea eff,gxa% 0,223t 389 ¢RI Borahebie Lo Sh 5o%RRY LRSI Byl @

menber . ace o bst ate
menber consi sti a n ryst |

I mrer si on Bﬂ'sqﬁﬁ &9|g%%u%é§?§t%§ ?hﬁloﬁ?ﬁgﬁ%o ?F%%%g%ig ereby 20
maki ng the surfggglgggggssl wafer.Conditions for bonding a first porous

| ayer to be formed at first: current density: 1
mA*cnierr] s Thea@2esa-88ctbukil OBbservatilonHRy: G2Idx@Hsmissioh 25
tinme: 0.1 mn t hi ckness of porous Si: 0.02
pm Condellectrohomitbebscogeaceatdmiedothat theceptitazdally

- 66 . .

grown single-crystal Si layer did not exhibit
generation of any new crystal defecté and maintained
excellent crystallinity.

10 The surface roughness on the first substrate
member was removed by slight surface etching with a
mixture of 49% hydrofluoric acid and 30% hydrogen
peroxide solution. The first substrate was then
subjected to hydrogen annealing, and could thereafter

15 be used again as the first or second substrate member.
[Example 11]_ |

The surface of a first substrate member consisting
of a single-crystal Si wafer was anodized by immersion
in HF solution under the following conditions, thereby

20 making the surface porous.

Conditions for bonding a first porous layer to be

formed at first:

current density: 1 mAecm™
anodizing solution: © HF:H,0:C,H,OH = 1:1:1
25 time: - 0.1 min

thickness of porous Si: 0.02 um.

Conditions for forming a second porous layer to be



f or med. next : current density: 50 mA.cnferr]

anodi zi ng sol uti on: HF: H20: C2H err]OH = 1:1:1 time:

5 sec 5 t hi ckness of porous Si: 0.1 pm Under these
anodi zing conditions, the second paorous Si layer fornmed with a
current density of 50 nA.cn{err]‘bééane t hi cker than the first
porous | ayer and exhibited a |l arger porosity, thereby becomng 10
structurally fragile. The substrate nmenber was then oxidi zed
for 1 hour at 400[err]C in an oxygen atnosphere, whereby the

I nt er nal a f, the pores of the porous Si was covered with

a thernmal oxidgo?ﬁFélﬁ%ﬁg'mafer was then placed in an 15 epi t axy
apparatus, and was BakednkOHensTiputes at 50 masgéd err]C in a hydrogen
at nosphere, whereby the first porous | ayer was converted to a

non- porous singl e- anodizififysbautPonl:ayer. HReHFEGSOMJOROLOUSLEBYEr Was
provi ded I mredi atel y under the non-porous single-crystal Si 20

| ayer. Silkeequent | y, singl e-crysbakeGi was epitaxially

grown with a thickness of 0.3 pm by CVD under the foll owi ng grow ng
condi ti onS, on thusthbdckedssonfppovoas Si: OSL: pm25 source gas:

Si H2C 2/ H2 gas flow rate: 0.5/180 1/mn

gas pressure: Under gheser panodizing conditions, the second

porous Si layer formed with a current density of 50
mA*cm? became thicker than the first porous layer and
exhibited a larger porosity, thereby becoming

10 structurally fragile.

The substrate member was then oxidized for 1 hour
at 400°C in an oxygen atmosphere, whereby the internal
surface of the pores of the porous Si was covered with
a thermal oxide film. The wafer was then placed in an

15 epitaxy apparatus, and was baked for 5 minutes at
1040°C in a hydrogen atmosphere, whereby the first
porous layer was converted to a non-porous single-
crystal Si layer. The second porous layer was provided
immediately under the non-porous single-crystal Si

20 layer.

Subsequently, single-crystal Si was epitaxially
grown with a thickness of 0.3 um by CVD under the
following growing conditions, on thus formed non-porous
Si:

25 source gas: SiH,Cl1,/H,

gas flow rate: 0.5/180 1/min

gas pressure: 80 Torr



- 67 -. t enper at ur e: 950[err] C growt h
rate: 0.3 pnmimn. ' Then an SiQ2 | ayer having a

t hi ckness of 20 nm was formed by thermal oxidation in the surface
regi on of 5 the epitaxially grown Si 5a er. Separately, a
single-crystal Si wafer was prepared as the second substrate nenber.
The surface of the SiQ2 |ayer on the first substrate was superposed
and brought into contact with 10 the Si surface of the second substrate
menber, and anneal i ng was conducted for 5 mnutes at 1180[err]C,
mhereby strong bondtaﬁpg@gtgbgalned gs0°clhe bonded wafers as a
conposite nmenber consisting of the bonded two substrate nenber, was
separated by 15 gtbathpphteati on of an exVeBnam/m@ance to divide then1by
t he second porous |ayer having a higher porosity. As expl ai ned
in the foregoi ng, tihehaknhngiop layer hdwihggentipickness oH 2@ axas|
grow h causes mgration of atonms constituting the first porous Si to
fill the 20 fopwedsbyttberialf oxhdagianndn- pbeogurfager region PE
integrated with the epitaxial layer to forma non- por ous

si ngl e- cr§staItEP egygaxlally grown SislgypEsult, there coul d be obtained a

si ngl e- crystal Si | ayer haV|ng a thlckness of 0.2 pmon the S 25
oxide film The thﬁERﬁ€§§e$Yrtﬁu§lP3 Regr¥shgtesSt wafer EP?SPSFPSFeﬁayer

Eﬁﬁfg;ﬁ?tgtogoo pgh%t%ﬁggga gﬂgsgga%; member.. region thereof exhibited a

The surface of the Si0O, layer on the first
substrate was superpbsed and brought into contact with
10 the Si surface of the second substrate member, and
annealing was conducted for 5 minutes at 1180°C,
whereby strong bonding was obtained.
The bonded wafers as a composite member consisting
of the bonded two substrate member, was separated by
15 the application of an external force to divide them by
the sécond porous layer having a higher porosity.
As explained in the foregoing, the baking in
“hydrogen prior to the epitaxial growth causes migration
of atoms constituting the first porous Si to f£fill the
20 pores, thereby forming a non-porous layer which is
integrated with the epitaxial layer to form a non-
porous single~crystal Si layer.
As a result, there could be obtained a single-
crystal Si layer having a thickness of 0.2 pm on the Si
25 oxide film. The thickness of thus formed single-
crystal Si layer measured at 100 points over the entire

region thereof exhibited a uniformity of 201 * 4 nm.



- 68 - . Since the surface of the non-porous single-crystal S

| ayer on the second substrate nenber was rough, a heat treat nent was
conducted for 1 hour in hydrogen, at 1100[ err] C. The surface
roughness eval uated by an atom c 5 jogge_nicroscope was about 0.2 nm

i n the root-nean- square in a region of 50 pm square.

The surface roughness remaining on the first substrate nenber was
renoved by selective etching in a m xture of 49% hydrofluoric acid
30% hydr ogen peroxide 10 solution under agitation. The first substrate
menber v@snédethaubhe€h88 b9 BRBEAbhAPorBud BYfAglesBrystal Si

at nosphere, and could thereafter be reused as the first or the
second substr at kayenben. the second substeaté némbbe whsveobghppheBeatwo SO
substrates 15 can be simultaneously produced by using one first
substrat e nenbetreatmenhgwasecanductedt foned haysr inohydrogen, bath surfaces
of the first substrate nenber, and bondi ng_two second substrate
menber to the bbt®0°C. Thesupfage Faugbpass: evaluasedcbynansabaniat e
menbers 20 fromthe bonded nenbers. In the above Exanpl es,

pol i shi ng, > heat TPFE@t AEFFOscore was abenEng-2sPBnpPofBE FROETBERATo renove
t he porous Si the first substrate nenber after

I .

t he sepa?%??ﬁﬁ %%e%h%gggégeggsgﬁsPTafguﬂﬁﬁbers. In case of 25

etching, the follow figesgleeliye Shanthile! LaHbER1ABYoRCthe £irs€™! OVed a5
ydro aC|%;

an etchant: uor I
substrate member was removed by selective etching in a
mixture of 49% hydrofluoric acid 30% hydrogen peroxide
10 solution under agitation. The first substrate member
was then subjected to annealing in a hydrogen
atmosphere, and could thereafter be reused as the first
or the second substrate member.

In each of the above Examples, two SOI substrates

15 can be simultaneously produced by using one first
substrate member, forming the aforementioned layers on
both surfaces of the first substrate member, and
bonding two second substrate member to the both
surfaces and separating two second substrate meﬁbers

20 from the bonded members.

In the above Examples, polishing, heat treatment
or etching is employed in order to remove the porous Si
layer remaining on the first substrate member after the
separation of the bonded substrate members. In case of

25 etching, the following selective etching 1iquids may be
employed as an etchant:

hydrofluoric acid:;



- 69 - hydrof l uori c acid + hydrogen peroxi de sol ution;
hydr of l uoric acid + al cohol; hydr of l uoric acid + al cohol +
hydr ogen peroxi de sol ution; 5 buf f ered hydrofluoric acid,
buffered hydrofluoric acid + hydrogen pgrg§iQe sol ution; -
buffered hydrofluoric acid + al cohol; buffered hydrofluoric
acid + al cohol + hydrogen 10 peroxi de sol ution. Al so, even
when a general Si etching liquidis used, selective etching can be
achieved to a certain extent by the very large surface area of

porous Si. hydrbFlaertiel aedd # hiarbeesdPetdxideNed1a¢30ndi Ng to
15 the present invention, the renmaining |ayer on the separ at ed
surface of the secohgdzoflubatie aetiler alcoholgubstantially absent, the
sel ective etching or sel ective polishing of the separated surface
can be - om tt bgdxedlubeisubstidate adeohbd pr bgdreden?Peroxide

| nexpensi vel y. -70 - WHAT IS CLAIMED | S:

1. A method of sply&derag a substrate, which conpri ses the steps of:

5 buffered hydrofluoric acid;

buffered hydrofluoric acid + hydrogen peroxide
solution;

buffered hydrofluoric acid + alcohol;

;buffered hydrofluoric acid + alcohol + hydrogen

10 peroxide solution.

Also, even when a general Si etching liquid is
used, selective etching can be achieved to a certain
extent by the very large surface area of porous Si.

As explained in the foregoing, since according to

15 the present invention, the remaihing layer on the
separated surface of the second substrate member
substantially absent, the selective etching or
selective polishing of the separated surface can be
omitted and ;he substrate can be produced

20 inexpensively.



preparit ng—a-first substrate nenber having a first 5 | ayer and a second
| ayer provided on and adj acent to the first |ayer, .

bondi ng t gﬂlummumwuwmfnenber to a second . substrate nenber,
separ at i :nd A& ate nmenber and e 10 second substrate
nmembers to transfertht second | ayer onto the second substrate
menber, wherein the separation of the first substrate

menber and the second substrate nenber is conducted by an interface

of the first |layer and the second |ayer. 15 2. The net hod

according to clwHA®T IS @IAEMBD afs er form ng a porous region on the

surface of the first substrate nenber, a surface side portion of a

surface portilon & methgebreflpralicing s madestmaegordhicchi o form 20
the second layer in non-porous state and the first | ayer in porous

state. comprigesTihenstans &fording to claim1, wherein a

surface of the second | ayer exposed by the separation 25 of the first

| ayer is snoothed bPEERAEING @ fixaH subsfrate memhernhawing & fimsphere,

wi t hout enpl oyi sel ective et ching or, selective polishing.

I n s []
4. The nmefhod ACYEFdIAN o Sacand La¥gremRqyided on ang adiaganiudq ayer and
a second porou%hkg¥§&§g Bver hi gher porosity than that of the first
porous | ayer aré yer,

bonding the first substrate member to a second
substrate member,
separating the first substrate member and the
10 second substrate members to transfer the second layer
onto the second substrate member,
wherein the separation of the first substrate
member and the second substrate member is conducted by
an interface of the first layer and the second layer.
15
2. The method according to claim 1, wherein after
forming a porous region on the surface of the first
substrate member, a surface side portion of a surface
portion of the porous region is made non-porous to form
20 the second layer in non-porous state and the first

layer in porous state.

3. The method according to claim 1, wherein a
surface of the second layer exposed by the separation
25 of the first layer is smoothed by a heat treatment in a
non-oxidative atmosphere, without employing.selective

etching or selective polishing.



'fowmd

e first substrate nenber, 5 and
e first ﬁorous I s made non-porous to form the second | ayer

|n non- p Bllm H MWt t he second | ayer is formed on and
adj acent aus | ayerq 10 5. The net hod

according to cIa|n11 wher€in a porous |ayer is fornmed on the
surface of the first substrate, and the second | ayer conprising a
non- por ous | ayer is formed by epitaxial growh, w thout oxidation
15 of wall surfaces of pores of the porous |ayer. 6. The
met hod accordi ng t o4l aiTihel metibexdeiacdooding to dlmilmarnit,atiherein aonduct ed
at an interface of the first | ayer and the second | ayer. 20

7. The net hod &destdipeFous diayien Bndusessiopnd porous layerp@fods | ayer is

formed on a surface of the first substrate nenmber and then wal
surfaces of poPdghefr pREFosity thegy bl ffethe LiFHtPARPUSIAGYSXS are

an oxide 111 9415 S 86 S ADSRAS: cuna K e Dred 21
treatnentsin aand non- oxi dati ve atnnsphere.
the first porous layer is made non-porous to form
;he second layer in non-porous state so that the second
layer is formed on and adjacent to the second porous
layer.
10 |
5. The method according to claim 1, wherein a
' porous layer is formed on the surface of the first
substrate, and the second layer comprising a non-porous

layer is formed by epitaxial growth, without oxidation

15 of wall surfaces of pores of the porous layver.

6. The method according to claim 1, wherein ion
implantation is conducted at an interface of the first.
layer and the second layer.

20

7. The method according to claim 1, wherein

a porous layer is formed on a surface of the first
substrate member and then wall surfaces of pores of the
porous layer are oxidized, and

25 an oxide film on fhe.surface side of the porous
layer is removed and then the surface side of the

porous layer is subjected to. a heat treatment in a



8. The nethod according to claim31, wherein a first porous

L ARG "% 5o Borots o4

porosity" tHfant ® s at of the second pareus |ayer are fornmed on the

surface of the first substrate nmenber, and the first porous

| ayer i s nade non-porous, the 10 second porous | ayer being adjacent to
the | ayer nmde non- por ous. 9. The method according to
claim8, wherein after maki ng the first porous |ayer non-porous,

epi taxial 15non-grddekive EEHG%EP%HG- 10. The net hod
according to claim1, wherein a porous layer is fornmed on a
surface of the first substrate nenber and wall surfaces of pores of

th 20 QLo | ayer
haSing oxidpggguaa%aye*?gr %gﬁéglzgc% ?ggg Eosﬁ%?%%t%d Yﬁeg egf trgatnent

' duci d ding to
claim 10, wherein ® EPEEE PRELEs 1ayen, o, second pordht VEYOETAGERE 00
non- 5 pQ£ON§g9¥rtﬁ@r@@ﬁiytfﬁéﬁngﬂét of the Ffird® ?orous layer, 12.

The nethod according to claiml, wherein ter formng a porous
| ayer on a suahdc& €hit@i€porous layer having a lower porosity than
that of the second porous layer are formed on the
surface of the first substrate member, and
the first porous layer is made non-porous, the

10 second porous layer being adjacent to the layer made

. NoON-porous.

9. The method according to claim 8, wherein after
making the first porous layer non-porous, epitaxial

15 growth is conducted.

10. The method according to claim 1, wherein
a porous layer is formed on a surface of the first
substrate member and wall surfaces of pores of the
20 porous layer are oxidized, and
the porous layer having oxidized walls of the
pores is subjected to a heat treatment in a reducing

atmosphere.

25 11. The method according to claim 10, wherein
epitaxial growth is conducted on a surface made non-

porous by the heat treatment.



first s —wi t hout oxi di zi ng the porous | ayer, the

porous | a | | to a heat 5 treatnent in a non-oxidative
at m)sph_erH ‘ImF EMIE !l surface of the porous |ayer non-porous, and
epi t axi al L ted on t-he surf &8e-nade non- por ous. 10

13. The nethod according to claim11, wherein the first substrate
menber conprises silicon. 14. The method according to claim
1, wherein the first layer conprises a porous material. 15

15. The met hod according to claim1, wherein the second | ayer
conprises a non- por &ds n’&lﬁ"@r migthod according to; Clafl duy T&dording to

claiml1l, wherein the .20 second | ayer conprises _a _non-nporous
sem conductor | ayer after f&ﬁ&'léw &i‘%’é‘-qu g‘%YSFO\ﬂndead st‘hr%%&?npf the

L7 oThe Tt hod 2650 A e Rl “MEHAY Miaind BAGAE
ot hod accor di AGTCe CEenPLr e ate” 8 SUBJEted £ 2 BBt L i on of the
lsgflgpd lager, wekhtment inSW hAmeoxaldaRArRS dthospheiralitd ke &f the first
surface of the porous layer non-porous, and
epitaxial growth is conducted on the surface made

non-porous.

10 13. The method according to claim 1, wherein the

first substrate member comprises silicon.

14. The method according to claim 1, wherein the
first layer comprises a porous material.
15
15. The method according to claim 1, wherein the

second layer comprises a non-porous material.

16. The method according'to claim 1, wherein the
20 second layer comprises a non-porous semiconductor layer

and an oxide layer provided thereon.

17. The method according to claim 1, wherein the
second layer comprises a plurality of layers being
25 different in conductive type or in impurity

concentration.



afe oxtdized at a.low tenperature and an oxide filmon 5 the wall

surfaces i ' surface of the porous | ayer is renoved.
19. The m?nlmmmmuiﬂmmﬁ claim1, wherein the second | ayer
conprises a*layer: fdtnéd By naking non-- 28 - porous at |east a surface
side portion of a porous | ayer by a heat treatnent, and an oxide
filmformed on a surface of the | ayer nade non-porous.

20. The net hod according to claim19, wherein the 15 heat treatnent is
conducted in hydroge 21. The net hod accordlng to claim1,
wherein the F?rstT§9b§9FBP€ QFFQFdégﬁaFStF&ﬁlms relfBegein oo

22. The net hod accordln ein the e tionis
conduct ed by pPELSH &° Fﬁgcgpgﬂatghgapgh%he seﬁ888e1P¥§€rtﬁ3E§ heat
treatment, oxidati.on, vihration ca [ re cut | 25
23.  The..met hod &Ee5PEi R PTEPalth 2, p§%§?§l LXEQ 3 Wh s% gg??ace to
be bonded of t S bgtr e I LiC | rosi I icon.
275 Ufe 8RS ge = Bt A v sonpa AR pd h]hl%ﬁér g g3

second suBstrajfieGAREr sGRERELSCEnTa! LIBINIEPNEF 8SLURface ofTRHEE -

porous layer is removed.

19. The method according to claim 1, wherein the
second layer comprises a layer formed by making non-
10 poroﬁs at least a surface side portion of a porous
layer by a heat treatment, and an oxide film formed on

a surface of the layer made non-porous.

20. The method according to claim 19, wherein the

15 heat treatment is conducted in hydrogen.

21. The method according to claim 1, wherein the

first substrate after separation is reused.

20 22. The method according to claim 1, wherein the
separation is conducted by pressure, traction, shear,
wedge insertion, heat treatment, oxidation, wvibration

application or wire cutting.

25 23. The method according to claim 1, wherein at
least a surface to be bonded of the secona-substrate

comprises silicon oxide or silicon.



Sh f« t The net hod aCCO{?Ing Lo claim4, wherein a | t hi ckness of
e firs
ayer. ﬂIIlIIFﬁIIII TR [Iﬁst Fate produced by the method of claim 10

- 75 -

24. The method according to claim 1, wherein the
second substrate member comprises a light-transmissive

member.

5 25. The method according to claim 4, wherein a
thickness of the first porous layer is smaller than

that of the second porous layer.

26. A substrate produced by the method of claim

10 1.



