- 2- speed can be enhanced. .o 4. The wel | proce@%!ﬁaéﬂ ;
“omtted. 5. Latch-up can be prevented. 6. Fully vpgS wpg e
depleted field effect transistors can be &S 1 _fabricated by tdF®-i{1968 ¥s SG
structure. These .are described in further detail, for exanple, in 7
the followng literature [Special Issue: "Single- crystal silicon on

non-si ngl e-crystal insulators"; - edited by G W Cullen, Journal of
Crystal Gowh, 10 vol une 63, no 3, pp 429-590 (1983)]. In

t hese several year BABRECATIGNPRGCESS cObcSEMICONDUCTOR SSUBSTRATEt he SO as
a substrate to realize increase of speed and decrease of consunption
. power of MOSFET (IEEE SO conference 1994). Since the SO structure
© 15 has an insul ating | ayer bel ow devi ces, use thereof can .

csinplify the devBBCKEROVMP| O PHECENVENEIONpared with " the cases for
formng the devices_on a bulk _Si wafer, which results in shortening
the devi ce proceEieldcpf the Invenfii@ny in addition to the increase in

L f th 20 t ot al i ncl udi t f t .th
process 5 "Cost aFhecRpeReSh LOvBRCHOMcFRIA TR Cr Db BT AEERTG

d ICs bul k Si. Al h f ted MOSFET
Zpe ?n e;pecPtﬁc?ﬁsiﬂérgﬁgﬁc?ﬁgggﬁéédséﬁﬁt%gg?e%ééytﬂéPéESE >
consunption p0“95a9€283i3r9§,a@o'nggxsgsgtfbf Eéb¥i89ting a single-

crystal semiconductor on a dielectric isolation or an

insulator and a single-crystal compound semiconductor
10 on an Si substrate and further to a process for
fabricéting a semiconductor substrate suitable for
electronic devices and integrated circuits made in a
single-crystal semiconductor layer.
Related Background Art
15 Formation of a single-crystal Si semiconductor
layer oﬁ an insulator is widely known as Si On
Insulator (S0I) technology and many researches have
been accomplished thereon, because devices obtained
utilizing the SOI technology have many advantages that
20 cannot be achieved by the normal bulk Si substrates for
\ fabrication of Si integrated circuits. Namely, use of
the SOI technology can enjoy the following advantages,
for example.
1. Dielectric isolation is easy and high
25 integration is-possible.
2. Radiation resistance is high.

3. Stray capacitance is reduced and the operation

THIS SHEET HAS BEEN

R —




force. The threshold voltage (Vth) of MOSFET is determned in
general by an inpurity concentration of

- 3- the channel portion, and, in the case of the fully

depleted (FD) MOSFETs using the SO, the thickness of a depl etion

| ayer is also influenced by the film t hi ckness of the SO .
Accordingly, a strong desire 5 exi sted for evenness of the film

t hi ckness of SO for fabricating |l arge-scale integrated circuits with
good yi el g¢peed can be enBanided .ot her hand, the devices on a conpound
sem conduct or have hi gh performance that cannot be 10 attained by Si,
for exanple, high-spead Terei@lilobrocess daadibat iomitdfed.i ght, and so on.
Presently, nobst of t hese devices are fabricated in a | ayer

. epitaxially gr Gan Iatoh-apmoam des prevernchest.or substrate of GaAs or

- the like. The conpound sem conductor substrates, 15 however, have

probl ens of being exgenFuldy lepletddvfield effianthanangisttorshgan Heei ng

not easy to fabricate a | arge-area wafer, and so on.
Because of & hes€ahmiisiatind byt thin-Liday Stagturtle to
hetero-epitaxially grow a conpound sem conductor on, . the Si mafer

whi ch is cheap, 'IH'%S%‘H?P faseriked in furthgn é’rf‘g’i?f- 'arﬁPrptﬁ’f'Pr“E%le' in

fabrication of a éﬂéﬁif%é?hg literg¥%fz [Speclal Issue: "Single-

crystal silicon on non-single-crystal insulators";
edited by G. W. Cullen, Journal of Crystal Growth,
10 volume 63, no 3, pp 429-590 (1983)].

In these several years, many reports have been
presented on the SOI as a substrate to realize increase
of speed and decrease of consumption power of MOSFET
(IEEE SOI conference 1994). Since the SOI structure

15 has an insulating layer below devices, use thereof can
simplify the device isolation process as compared with
the cases for forming the devices on a bulk Si wafer,
which results in shortening the device process steps.
Namely, in addition to the increase in performance, the

20 total costs including the wafer cost and the process
cost are expected to be lowered than those of MOSFETs
and ICs on bulk Si.

Among others, the fully depleted MOSFETs are
expected to increase the speed and decrease the

25  consumption power because of an improvement in driving
force. The threshold voltage (Vth) of MOSFET is

determined in general by an impurity concentration of

.
e



Returning the subject to the SO structure, researches on formation
of SO substrate have been 25 active since 70's. In the early stage
many researches were focused on a nrethed for hetero-epitaxially

gr ow ng single-crystal Si on a sapphire substrate as an

-4- I nsulator (SCS: Silicon on Sapphire), a nethod for

formng the SO structure by dielectric isolation based on oxi dation
of porous Si (FIPOCS: Full Isolation by Por ous Oxi di zed Silicon), and
an oxygen ion %he chappehtpersionet fbd, in the casepf thecEuld¥hod is a
met hod for form_,ng_a ayer in an islandtgattern on_a

surface of a p-@?Béegeg-E¥§S @Pﬁﬁﬁ?gLFgéPﬁltgﬁb%??atﬁhﬁy igkpgss of a

10" by epi t axASPLEFSRBN LARET ket BRAPHINEHHRPABAORY, ShRoiplE | (PR
anodi zat ton i - ERLeBREsRoRE Eh Bot? “RekBragpary. i EEFB0 PekEEN 0 Yy pe
TP RIS TINE

regions isolate ' | t h I s QR e
Thgloxyg;n I on ?ﬁg?gﬁggﬁﬁggl%ggﬁggb?geaeﬁg?ﬁggteh Eigsggﬁﬁegigﬁ §§amhich
was first reporiedilg K [zum.

On the other hand, the devices on a compouﬁd
semiconductor have high performance that cannot be

10 attainéd by 8i, for example, high-speed operation,
radiation of light, and so on. Presently, most of
these devices are fabricated in a layer epitaxially
grown on a compound semiconductor substrate of GaAs or
the like. The compound semiconductor Substrates,

15 however, have problems of being expensive, having low
mechanical strength, being not easy to fabricate a
large-area wafer, and so on. |

Because of these problems, attempts have been made
to hetero-epitaxially grow a compound semiconductor on

20 . the Si wafer, which is cheap, has high mechanical
strength, and pefmits fabrication of a large-area
wafer.

Returning the subject to the SOI structure,
researches on formation of SOI.substrate have been

25 active since 70's. 1In the early stage many researches
were focused on a method for hetero-epitaxially growing

single~crystal Si on a sapphire substrate as an



20 Oxygen ions are first inplanted in about 10[err] to 10[err]/cn®

into an Si wafer and thereafter the wafer is anneal ed at a high
tenperature of approximtely 1320 [err] C Lngan ar gon- oxygen ambi ent .
As a result, the oxygen ions i npl anted around the depth
corresponding to the 25 projected range (Rp) of ion inplantation are
bound with Si to forman oxidized Si layer. On that occasion, an

Si | ayer, anorphized by the oxygen ion inplantation

-5- ahimsuldiomxisiseEididay on Sapphiiae ) ca yeetiidd zZBalr t 0

forma single-crystal Si layer. Crystalline defects in the surface S

| ayer were as nfowmizyg e SOL Efmictureitby dieledkwigeisolakien based
decreased down to bel ow 102/cn2 5 by adj usting the anount of

i mpl ant ati on oforgafdatirn of porous £ (KIRQST /Fwl Igpdeionthy fi|m

t hi cknesses of the _surface Si |ayer and the buried, oxidized Si |ayer
(BOX: Buried OFergusie?%idized Silirapbeiand amyQE¥gen ionpecayse of narrow
ranges of inplantation eperg nd, 10 i npl ant ati on dose capabl e of

mai nt ai ni Yy t helfp}gptation éﬁ?Qy of the oxidized Si layer, crystallinity

O ot orous b oS kRS e B0 505 OB nSRELA kS HoHiL0B AR Okvpe
AR L R B R - R e S T
these Si single-crystal substrate by proton implantation _
(Imai et al., J. Crystal Growth, vol 63, 547 (1983)) or
10 by epitaxial growth and patterning, making only the p-
type Si substrate porous from the surface so as to
surround Si islands by anodization in HF solution, and
then dielectric-~isolating the n-type Si islands by
enhanced oxidation. This method has a problem that
15 degrees of freedom on device designing are limited,
because the Si regions isolated are determined prior to
the device processes.
The oxygen ion implantation method is a method
called SIMOX, which was first reported by K. Izumi.
20 Oxygen ions are first implanted in about 10# to 10%%/cm?
into an Si wafer and thereafter the wafer is annealed
at a high temperature of approximately 1320 °C in an
argon-oxygen ambient. As a result, the oxygen ions
implanted around the depth corresponding to the
25 projected range (Rp) of ion implantation are bound with

Si to form an oxidized Si layer. On that occasion, an

Si layer, amorphiied by the oxygen ion implantation



processes is added on the distribution of film t hi ckness.

It is also reported that mal formed regions of 20 oxi dized Si called

pi pes exist in the BOX. One of causeg thereof is conceivably
cont am nati ons such as dust upon inplantation. In the portions

i ncl udi ng the pi pes degradation of device characteristics occurs due
to | eakage between the active |layer and the support 25 substrate.

Since the inplantation dose in the ion i npl antation of SIMOX is

| arger than in téleoventhe oxidized Si layer, is also recrystallized to

I npl antation used for the normal sem conduct or processes as descri bed
previously, the fommantsingle-crystal i ikayer| | Cxystaldinefdefecislioat ed
equi pnrent has - been develqg;g. Since the ion inplqptagion is carried

5 out by rasthe surfage Hi baveeiers as franeas fGden® befogeechutc
current anmount or. by expandi ng the beam an i ncrease jn t

i npl antation ti n’éh?% ‘2&?&9?& esstntly n&ecre%ﬁ‘ﬁq oW skP ikheif%‘& Q&é&’“ﬁf
wafer. In high-tenperatu anneaj i n f Jarge-area wafer. it _is

poi nt ed ou[]ét hatP% a‘igus{;‘f‘b? om%n?'ﬁ?“‘ggn Eaff{l%#afbﬂgagf?fb %%m?’ﬁég?!? KE due to
t he t enper r | Stz hution. Wi thin t f 1415

severer. Anneal i?\%é%tgh’?gf‘uat ; fb?@e'r a{}fﬁ‘%es‘%gzgfs %%g\r,fialg'[ Q%LC "%3’52"05 [%fr rﬁ%

whi ch are not usgdrPRLOPE}V1hPel "End the buried, oxidized Si layer

(BOX; Buried Oxide) were limited to specific wvalues
because of narrow ranges of implantation energy and
10 implantation dose capable of maintaining the film
gquality of the oxidized Si layer, crystallinity of the
surface Si layer, and so on. Sacrificial oxidation or
epitaxial growth was necessary for obtaining the
surface Si layer in a desired film thickness. In that
15 case, there is a problem that evenness of film
thickness is degraded, because dégradation due to these
processes is added on the distribution of f£ilm
thickness.
It is also reported that malformed regions of
20 oxidized Si called pipes exist in the BOX. One of
causes thereof is cohceivably contaminations such as
dust upon implantation. In the portions including the
pipes degradation of device characteristics occurs due
to leakage between the active laye; and the support
25 substrate.
Since the implantation dose in the ion

implantation of SIMOX is larger than in the ion



sem conduct or processes is indispensable for the SIMOX, 15 and there is
t hus such a concern that the above probl em becones further nore
significant, including devel opnent Ofg equi prent . Asi de
fromthe conventional SO form ng nethods as descri bed above,
attention is focused these years on 20 anot her nethod for bonding an S
si ngl e-crystal substrate to another Si single-crystal substrate
thermal |y oxidized, by annealing or with an adhesive, t her eby

form ng the SO implaeitardonlisedn€biothe normalegemiednduertior t hi nni ng the
active layer for device. 25 In other words, it is necessary to thin the
Si singl e- progesses asuldescatibedy presadvaisidly , h e dehplianttaitdlonrdown t o
the order of pmor less. The following three types of

-7- nmettioes i etdvdi Lobige even @fitent dieddioafed equipment hps

thi nni ng by poli shing (2) thinning by |ocalized plasnma etching
(3) thinning bybesnedeviedopeshi n§inge the ion dmpdaptertion s cagmdied e

uni form thinning by the above polishing of (1). Especially, several
ten %of 9 %MSlWWp% 5 HAh eI A d

evening of this qjs rsion is bi roble The ;#3& e of its
difficulty woul & R SRt A by sfRanding %r?&“basaé‘i n the
di ameter of Waf%%crease in the implantation time is anticipated with

an increase in the area of wafer. In high-temperature
annealing of large-area wafer, it is pointed out that a
10 problem of generation of slip or the like due to the
temperature distribution within the wafer becomes
severer. Ahnealing at high temperatures, as high as
1320 °C, which are not used normally in the Si
semiconductor processes is indispensable for the SIMOX,
15 and there is thus such a concern that the above problem
becomes further more significant, including development
of equipment.
Aside from the conventional SOI forming methods as
described above, attention is focused these years on
20 another method for bonding an Si single-crystal
substrate to another Si single-crystal substrate
thermally oxidized, by annealing or with an adhesive,
thereby forming the SOI structure. This method
requires evenly thinning the active layer for device.
25 In other words, it is necessary to thin the Si single-
crystal substrate even several hundred pm thick down to

the order of pm or less. The following three types of



The above nethod of (2) is arranged to thin the | ayer roughly by the
met hod of polishing of (1) down to about 1 to 3 pmand to neasure a
distribution of film t hi cknesses at-nmul tiple points over the entire
surface. 15 After that, based on this distribution of film

t hi cknesses, the layer is etched as correcting the di stribution of
fil mthicknesses by scanning it with a plasna using SF6 or the like
in the diameter of several mm wher eby the is thinned down to
a desired film mgthods raxsravailahke jfon é‘dﬁt ng'hl s nmet hod can

achi eve the filmthickness distribution of about 10 nm

However, if there arelkbrthinning 3 R@d‘rﬁl’}jé}gas) on the substrate
upon plasna etching, the contan1nat|on5\% be an etching mask to-
form proj ections on tif ?H#nnlﬂﬂl ized plasma efGhiNg he surface is

rough i medi ately aft ' h|n t ouch pollshlng IS necessary after
conpl eti on fg) thinning cb éﬁlectlve etch%p of the

Panagenent 5 and  hus TeghadiTERoWe & algie ynisorf iy oY oAde
and of the fil M 2bove én péﬁP’ igfsﬂjnbmé%ve : Sé'&\;@réf {Q{r‘%e@fout

5 Furt her, betalse I ng, abr col I ol da

silica directly &H%eféﬁﬁ%ﬁﬁ&&é%&eammg oftmqﬁalafaé@yeandconcerns

exi st about formation o
evening of this dispersion is a big problem. The

degree of its difficulty would increase more and more
10 with further increase in the diameter.of wafer.

The above method of (2) is arranged to thin the
layer roughly by the method of polishing of (1) down to
about 1 to 3 ym and to measure a distribution of film
thicknesses at multiple points over the entife surface.

15 After that, based on this distribution of f£ilm
thicknesses, the layer is etched as correcting the
distribution of f£film thicknesses by scanning it with a
plasma using SF; or the like in the diameter of several
mm, whereby the layer is thinned down to a desired £ilm

20 thickness. It is reported that this method can achieve
the film thickness distribution of about *10 nm.
However, if there are contaminations (particles) on the
substrate upon plasma etching, the contaminations will
be an etching mask to form projections on the

25 substrate.

Since the surface is rough immediately after

etching, touch polishing is necessary after completion



crush | ayer and introduction of work strain by polishing. As the

wafers further increase their area, 10 the time for plasnma etching al so
i ncreases in proportion to the |ncrﬁ3§e in the wafer area, which

al so rai ses anot her concern about an extreéme drop of t hr oughput .

The above nethod of (3) is a nethod for 15 prelimnarily formng a

sel ectively etchable film structure in a substrate to be thinned.

For exanple, a thin |l ayer of p[err]-Si containing boron in a

concentration of Oﬁlégﬁxﬁrélzcﬁinggrecéﬁ‘ﬂ:gﬁ.r]: A1 fehilhg bAYgALOLSP- YPE

Si are stacked on a p-type slUbstrate met hod
epi taxi al grow BaekibBeolitkBy Eﬁﬁéeﬂﬁnaébﬁéﬁtﬂgaﬁdf thék degradatilbal bat e.

This is bonded to a second substrate rough an |nsulat|ng | ayer of
oxide filmor thenltirbe of finaan#ilfetBatkaeskhanbaek theefe@iimt he first
Substrate is prelimnarily thinned by grinding and polishing. After
25 that, thethlieknpskagéstribatpoaeybpolitshihgyésepolintgdobut. t he
p-type substrate and the p-type thin layer is exposed by sel ective
et chi ng of 5t he puethpr],apecauskuin polishing, an abrasive such as

-9- conpleting the SO structure. This nethod is described

in detail in theoddpddrlosiMicradirestly subsothensurface $ocbecgge 341
(1991)). Al t hough the selective etching is said to be

the active layer, concerns exist about formation of a
crush layer and introduction of work strain by
polishing. As the wafers further increase their area,

10 the time for plasma etching also increases in
proportion to the ihcrease in the wafer area, which
also raises another concern about an extreme drop of
throughput.

The above method of (3) is a method for

15 preliminarily forming a selectively etchable film
structure in a.substrate to be thinned. For example, a
thin layer of p’-Si containing boron in a concentration
of 10" or more /cm® and a thin layer of p-type Si are
stacked on a p-type substrate by the method of

20 epitaxial growth or the like, thereby obtaining a first
substrate. This is bonded to a second substrate
through an insulating layer of oxide film or the like
and thereafter the back face of the first substrate is
preliminarily thinned by grinding and polishing. After

25 that, the p'~layer is exposed by selective etching of
the p-type substrate and the p-type thin layer is

exposed by selective etching of the p*-layer, thus



5 effective for uniformthinning, it has the follow ng pr obl ens.

The etch selectivity is-not sufficient, at nost 10[err].

It requires touch polishing after etchlng,_ 40_ Dbecause the surface
f.latness after etching are poor. - This, however, results in
decreasing the filmthickness and tends to degrade the uniformty of
filmthickness. Especially, polish anmounts are managed by tine in

polishing, but polishing rates vary greatly, which 15 makes control of
pol i sh anmount diéémﬁl’étingpﬂwrmngéwucture. aIpLHhherhed | 58 sdgedtilsad ar | y
in formng a very t SA |ayer, for exanple, 100 nmt hi ck.
Crystallinity ofimhdetdll| fnyethe Scgpemurt ef Nesszafa (J. Elestradhddie ion

i npl antation and the epitaxial gromh or 20 t he hetero-epitaxial growth
on the high-concemdral3®n-341 (199B)Moped Si |ayer. The surface fl atness of

t he bonded surfaces are inferior to the normal Si wafers.
Thus, the nethod of (B}theﬁghhﬁh%b%&be®tﬁb$eﬁﬁc¥¥99 is saidigberke, et al.
J. Elect. Mater. Vol . 20, 267 (1991), Baungart, et al., 6 Extended

Abstract of5ECS afective f‘Pﬁt‘éﬁ‘*\%@?‘bﬂ'ﬁ‘Pi@}iﬂ%& 1, Bes vighe  feLIoWiRg pp- 733
(1991); C. E. Hunt, Extended Abstract of ECS 1st
- 10 - PRORIG®E: onal Synposi um of \Wafer Bondi ng, pp-696

-The etch selectivity is not sufficient, at most
10%.
«It requires touch polishing after etching,

10 because the surface flatness after etching are poor.
This, however, results in decreasing the film thickness
and tends to degrade the uniformity of film thickness.
Especially, polish amounts are managed by time in
polishing, but polishing rates vary greatly, which

15 makes confrol of polish amount difficult. Accordingly,
a problem arises particularly in forming a very thin
SOI layer, for example, 100 nm thick.

«Crystallinity of the SOI layer is poor because of
use of the ion implantation and the epitaxial growth or

20 tﬁe hetero-epitaxial growth on the high-concentration-
B~-doped Si layer. The surface flatness of the bonded
surfaces are inferior to the normal Si wafers.

Thus, the method of (3) has the above problems (C.
Harendt, et al., J. Elect. Mater. Vol. 20, 267 (1991),

25 H. Baumgart, et al., Extended Abstract of ECS 1lst

International Symposium of Wafer Bonding, pp-733

(1991); C. E. Hunt, Extended Abstract of ECS lst



(1991)). Also, the selectivity of selective etching is greatly
dependent on concentration differences of I mpurities of boron or the
li ke and steepness of its 5 dept hwi se. pygpfd l e.  Therefore, if

hi gh-tenperature bondi ng annealing is conducted in order to enhance
t he bondi ng strength or if high-tenperature epitaxial growh is
conducted in order to inprove crystallinity, t he dept hwi se
distribution of inpurity concentration 10 will expand to degrade the
etch sel ecti Vi tyntediBional Sympostun hof WafemsBondingu PPt@96ealize the
both of an I mprovenent in the etch selectivity and an i nprovenent
in the bonding ¢192hy)h. Also, the seRectivityy obn gtive ptohingifg
such problenms, 15 reported the bonding SO excellent in uni%ornity of
filmthickness gneathycdgpendénhiop cencenprationrdifferenges g

bat ch- processed (T. Yonehara, K. Sakaguchi_and N. Sat o gl. Phys.
LeL t. 64, 2108 {mponijieshpf herapdor the 1a§ssaadpﬁFSﬁEnF§§e?f4A§ 8n an Si
substrate 41, as a 20 materi al of selective_efching, -.por ous

Isi ngl e- | Sh é}ay:ébwisa prafitess TREEBEPERy a(fiifyhépg\'f\%etgﬁéfﬁg’uﬁ%r ous

ayer and thereafter it is bgnded,to a _se b e ough
an oxi di zed Si PSFEF“QSaPPFagl?Q)}STﬁgn Geedd ggré%agﬁbg?rg?gapéétEgﬁneg

fromits back s&gf ﬁ%gbgt%engig or ggtR@%hQEeHPEQQEGQeOEp&%%x&hﬁe, to

expose the poro acr 0Ss e entire surface of substrate

(Fig. 15). growthe R0 RuTted? 1) bTaiP ¢ee dniproverered val 1anahiyng

the depthwise distribution of impurity concentration

10 will expand to degrade the etch selectivity. This
means that it was difficult to realize the both of an
improvement in the etch selectivity and an improvement
in the bonding strength.

Recéntly, Yonehara et al., solving such problems,

15 reported the bonding SOI excellent in uniformity of
film thickness and.in crystallinity and capable of
being batch-processed (T. Yonehara, K. Sakaguchi and N.
Sato, Appl. Phys. Lett. 64, 2108 (1994)). This method
uses a porous layer 42 on an Si substrate 41, as a

20 material of selective etching. A non-porous single-
crystal Si layer 43 is epitaxially grown on the porous
layer and thereafter it is bonded to a second substrate
44 through an oxidized Si layer 45 (Fig. 14). The
first substrate is thinned from its back surface by a

25 method of grinding or the like, to expose the porous Si
42 across the entire surface of substrate (Fig. 15).

The porous Si 42 thus exposed is removed by etching



wth a selective etchant such as KOH or HF + H202 (Fig. 16). At this
time, the etch selectivity of porous Si to bulk Si (non-porous
single-crystal Si) is sufficiently-higgh~ 100, 000. Hence, the

non- porous 5 single-crystal Si layer prelimnarily grown on the

porous | ayer can be left on the second substrate with
reduction of filmthickness thereof, thus form ng

little
the SO substrate.

Therefore, the uniformty of filmthickness of SOT is determ ned
al nost upon 1ovitles tsediegitigrowtichangi sueh lae KO o6 8F dr 84Phn Ei%uws

use of the CVD systemused in the normal seni conductor

processes It

realized the udifflor niAY tiHe dgme f gihe etch sela@hiyiftyp afnpapous $i2 o

according to the report of Sato et _al SSDM 95)..
crystal linity dfo ek 81 (nonyropqus sing éﬁ"'(ﬂﬁégi r &

102/ cn2. . nventi naI
sel ectivity depﬁ#ﬁfé‘d”cﬁ?ﬁ% llﬁq%f'erlg)rdcglaotcgf Q:%

Also t he
as good as 3. 5
nethods the etch

On=PE Tt rat i on

and the dept hwi se oflle eratures aE nts
(bonding,%gplt tal a¥%5<ﬂﬁéiﬁ¥i %glggl expandq%

trat
ggg(r:g;]l Lgt laf); SQRF er(rj'i]%&b]bé%‘+1 th%rﬁgfﬂ Sreﬁ?r{d %% |ng of this
met hod, the et Cﬁééfbé% f[-(édtg@éfcﬁr{"é‘leckﬂ}fn Hhicknddi® ﬁiézfé&fien%ﬁ structure

betmeen por ous and

and thus the restriction on the tenperature

of the t AiFiBhg L€ SENtSubStidtd ) © THdrd forepatiee arihidrnt ey

of film thickness of SOI is determined almost upon

10 epitaxial growth. Since the epitaxial growth allows

use of the CVD system used in the normal semiconductor

processes, it realized the uniformity thereof, for

example 100 nm * within 2 %, according to

the report of

Sato et al. (SSDM 95). Also, the crystallinity of the

15 epitaxial Si layer was reported as good as 3. 5 X

10%/cm?.

Since in the conventional methods the etch

selectivity depended on the differences of impurity

concentration and the depthwise profile, temperatures

20 of thermal treatments (bonding, epitaxial

growth,

oxidation, etc.) to expand the concentration

distribution were greatly restricted to below

approximately 800 °C. On the other hand,

in the

etching of this method, the etch rate is determined by

25 the difference of structure between porous and bulk,

and thus the restriction on the temperature of the

thermal treatments is little. It is reported that the



- 12 - thermal treatnment at about 1180 [err]C is possible. For
‘exanpl e, annealing after bonding is known to enhance t he bondi ng
strength between wafers and to decrease ¢£hk2 - nunber and si ze of
vacanci es (voids) occurring in the 5 bonding interface. In such etching
based on the structural difference, particles deposited on porous S
at the etching process, if present, do not affect the uni formty of
filmthickness. However, the sem conductor substrate_using

bonding 10 thewmel tremstmenttab abeutsllfBsiCoisopessibi@; chFPE
wasteful ly renoved and di scarded b polishing, (_atchin‘g,,a etc., which
woul d resul t iﬁxﬁﬂs%ﬁngaﬂﬂ%aliﬁgtEétEﬁrPﬂngi g is kpgup f@cgnhance
A di ngly, the SO bondi di to_th 1 I.Stli ds,
nas a i of of proe Eading; feradath: tiead BreHs efd) FactrPrSaSenEPSim 1y,
d t effici . . R l, hj L d
method for  RORBAE e SiRe P, YRCBIBSEP.FOCLa) cpofhzfing  SROLRE] P,
b b [ Pat ent | ' 2 7- 045441
(1605)) 8" "0 BBhADMS\ 1AR8AERESC O SRR, pERhLAE Bleeq’ln tpBT O PN ke
step of th'nn'%thE%uEhi$hi§¥Q§%h?%Z E%Q%Ebﬁﬁfﬁgéposited ofUpbaeashgit he

nmet hod of grinding, etching, an 0 expose porous Si in the
bondi ng plus ekg¢hkReketching process, if present, do not affect the
uniformity of £ilm thickness.

However, the_semiconductor substrate using bonding

10 always requiies two wafers, most of one of which is
wastefully removed and discarded by polishing, etching,
etc., which would result in wasfing the limited Earth's
resources.

Accordingly, the SOI by bonding, according to the

15 existing methods, has a lot of problems in the aspects
of controllability, uniformity, and cost efficiency.

Recently, Sakaguchi et al. reported a method for
reusing the first substrate, which was consumed in the
above bonding method (Japanese Patent Application No.

20 07-045441 (1995)).

They employed the following method in place of the
step of thinning the first substrate from the back
surface by the method of grinding, etching, and the
like to expose porous Si in the bonding plus etchback

25 process using porous Si as described above.

A surface layer of first Si substrate 51 is made

porous to obtain a porous layer 52, a single-crystal Si



.25 process using porous Si as described above. : A surface

| ayer of first Si substrate 51 is made porous to obtain a porous

| ayer 52, a single-crystal Si - 13 - - 13 -
| ayer 53 is fornmed thereon, and this single-crystal Si | ayer 53 and
first Si' substrate is bonded through an i nsulating |ayer 55 with a
princi pal surface of another second Si substrate 54 (Fig. 17). After

this, the 5 bondi ng wafer is divided at the porous |ayer éFi . .18)
and the porouslsyera§adr isxfosead; fhereonyr pRgethist fingle-cry EB%dSSi

substrate side_is selectively renpved, t hereby fqQrnng an SO
Eubstrate (Fi glayey. 53 and flrStDFQi§P9ﬁt5Pchésbgﬂépﬁ§ gthPgﬁsanfected
y using 10 , a pethod for breaking. the rous _Si | ayer, far_ex | e,
either one of ANFELARY nﬂo&aXﬁﬁ|§ ngigﬂfPiE?gﬂF P?ﬁsﬁ&ﬁ sce of 8P°§$§§sure
perpendicularly to and.unifornly ip,the. su .t.he ndi n

waf er, a nethoéep8pgagﬁlfpk8tra¥e g4mg§égén%?&y o?kgﬁﬁrgééﬁrct&gve o? t he

ke, "a method, 19,0 kg%g%gﬁgsh%ﬁggg B the hgggsﬁsoga&afi- trig| 33 °

waf er, et Chi ng sone orous r, an sertin edge of a

razor into the Ror gus Ld¥eius 8:MaRas bibosed in BHEOBLRFabECoRORAS | ayer
on the side face of wafer, ntiltrating a liquid such as water into

the porous Si  2@ona 's3Yeubstrateheiaaf 18" serbardvedyt kembved,d by heating
or cooling the entire bonding wafer, and a nethod for

thereby forming an SOI substrate (Fig. 19).

Division of the bonding wafer is effected by using

10 a method for breaking the porous Si layer, for example,
either one of a method for applying sufficient tension
or pressure perbendicularly to and uniformly in the
surface of the bonding wafer, a method for applying
wave energy of ultrasonic wave or the like, a method

15 for exposing the porous layer on the side face of
wafer, etching some of the porous layer, and inserting
an edge of a razor into the porous layer, a method for
exposing the porous layer on the side face of wafer,
infiltrating a liquid such as water into the porous Si

20 layer, and thereafter expanding the liquid by heating
or cooling the entire bonding wafer, and a method for
applying force horizontally onto the second (or first)
substrate relative to the first (or second) substrate,
or the like.

25 These methods are all based on an idea that the
mechanical strength of porous Si is sufficiently weaker

than bulk Si, though depending upon its porosity. For



applying force horizontally onto the second (or first) substrate

relative to the first (or second) substrate, or the like. 25

These nethods are all based on an idea thati4 he mechani cal strength
of porous Si is sufficiently weaker than bul k Si, though depending
upon its porosity. For - 14 -

exanple, with the porosity of 50 % the nechani cal strength of porous
Si may be considered to be the half of that of bul k. Nanely, when
conpr essi on, tcrEmpley with thehaordsitye 9% Mkt cthamacha ng wafer,
the porous 5 Si layer is first broken. Wth increasing the porosity
the porous | ayertrengte off meneus Sjkeday Beqansidered to beyshs palfhen
force is exerted vertically or hori zontally on the surface of wafer,

the wafer is ©Of thafedf Rl aanedyy WhRa, 5 e ERSIRP FT 10

o mi o5 oo Skt (b L4 AR G M SIhd iy e DR Sy ASSE
body 3" BSERE AT Flet protientr BEE eSS the phn8R1fy7S T
a razor or the #%%%g&?%gisl%}%@ ééﬁ%é%f&?&m%% wea er‘t"ﬁéz‘? e, the yields

were extrenely cases u ss the I ckness of the

razor was sufficientpyudhif, when £QfcdNi§Sexdbed MeFtied syfbLciently
high rigidity.
horizontally on the surface of wafer, the wafer is
sometimes elastically deformed to cause escape of
10 force, so as to fail to exert the force well on the
porous layer, depending upon a method of supporting the
wafer, because the semiconductor substrate is not a
perfectly rigid body, but an elastic body.
Similarly, with the method for inserting an edge
15 of a razor or the like through the side surface of
wafer, the yields were extremely léwered in some cases
unless the thickness of the razor was sufficiently thin
or unless the razor had sufficiently high rigidity.
Also, the razor was not able to be inserted uniformly
20 from the periphery or the force was exerted from the
outside on the bonding wafer, whereupon if the bond
strength of the bonding surface was weaker than the
strength of the porous Si layer or if there ezxisted a
locally weak portion the two wafers were split at the
25 bonding surface, thereby sometimes failing to achieve
the initial purpose.

Accordingly, a desire exists for a method for



Al so, the razor was not able to be inserted uniformy 20 fromthe

peri phery or the force was exerted fromthe out si de on the bondi ng
waf er, whereupon if the bond strengt hy @f _the bondi ng surface was
weaker than the strength of the porous Si layer or if there existed
a | ocal |y weak portion the two wafers were split at the 25

bondi ng surface, thereby sonetines failing to achieve the initial
pur pose. Accordingly, a desire exists for a nmethod for

- 15 - ~ tabrieating S6X substrates of suffieient guality with
good reproducibility and, at the same tinme, realizing savi ng of

resources and rego6di pepPbdaesbibytyecandp at the samaf eime) ré&lizkeg 5
The bulletin of Japanese Lai d-open Patent Application No. 5-211128
(1993) descri bessavpngpofakresburces amdneefiudtion 6b6roosy bybuébhsel afer by
I on | npl antation, annealing it to cause rearrangenent of

crystal and cohewaferobrbthel dskeand dividing the wafer 10 t hrough the
bubbl e | ayer, wherein optim zation of annealing is not easy and it

is carried 8ut at |owrhe bulletipepft dpRanerebdidooB®d PRFEPE  Anneal i ng
o L e, A RIS NS SBTPL ABURAEST HEDe L SnaOLruahes, o5
LU R re-anngahggﬂogtfg}ggogggggrgtgagble layer by ion
implantation, annealing it to cause rearrangement of
crystal and cohesion of bubbles, and dividing the wafer
10 through the bubble layer, wherein optimization of
annealing is not easy and it is carried out at low
temperatures of 400 to 600 °C. Annealing at such low
temperatures cannot suppress generation of voids as
described above, and the voids once generated cannot be
15 nullified even with re-annealing at high temperature
after thinning. Namely, the decrease in the number and
size of voids is a phenomenon that occurs when the two
wafers are annealed at high temperature in the bonded
state, and high-temperature annealing after thinning
20 will increase the strength of the adhesive portion, but
will not decrease the voids.

The above description concerned the problems
related to the SOI technology by bonding, but there are
also demands as to the SOOI technology for formation of

25 single-crystal layer on a light transparent substrate,

formation of a compound semiconductor layer on a

substrate, and so on, from the following reasons.



after thinning. Nanely, the decrease in the nunber and size of voids

i S a phenomenon that occurs when the two waf ers are anneal ed at high
tenperature in the bonded state, and _hi gh-tenperature annealing
after thinning 20 wll increase the stre h of the adhesive portion,

but wi || not decrease the voids. The above description
concerned the problens related to the SO technol ogy by bondi ng, but
there are al so demands as to the SO technology for formation of 25

singl e-crystal |ayer ﬂéc?ﬁi!ﬂigm i WR”H:S%QSLH}% %raar?c?pareﬁ@r mati on of

a conmpound sem conductor |ayer on a strate, so on, fromthe

follow ng reasongpstrate is important in constructing comta®t "sensors _
Describing in detail, the I1ght transparent substrate is inportant in

constructing cordaiaig B Sreceivilifidierdoty, r&f@?ﬂdﬁkcﬁlﬁmﬂ& e and
proj ection type liquid crystal image display devices. Further, high-
5 perfornmance Xiquid etSrEtdls aidgd altSsbdy devides) | ZFuxgther, high-
hi gher-density, higher-resolution, and higher- definition of pixels
(picture el®nentpgriorndnceahsive elementsicaxk spicessEny cior reakizingl t,
t he devi ces provided on the |ight transparent substrate need to be
10 f abri cat echighendensity o-Righentresglutien repd highercel | ent
crystallinity. Use of the single-crystal :
definition of pixels (picture elements) in the sensors
and display devices. As a result, the devices provided
on the light transparent substrate need to be
10 fabricated using a single-crystal layer having
excellent crystallinity. Use of the single-crystal
layer enables peripheral circuits for driving the
pixels and circuits for image processing to be
incorporated in a same substrate as the pixels are,
15 thereby realizing size reduction and speed enhancement
of chip.

However, the light transparent substrate typified
by glass has disorderliness of its crystal structure in
general, and a thin Si layer deposited thereon is an

20 amorphous layer or, at best, a polycrystal layer,
reflecting the disorderliness of substrate, of which
high-performance devices cannot be fabricated. Namely,
because of the crystal structure with many
imperfections, amorphous Si and polycrystal Si are not

25 easy to fabricate drive elements having sufficient

performance that is required or will be required in

future. It is because the crystal structure of the



| ayer enabl es peripheral circuits for driving the pi xel s and circuits
for i nmage processing to be I ncorporated in a sane substrate as the

pi xel s are, 15 thereby realizing size Legdction and speed enhancenent
of chip. However, the light transparent substrate typified

by gl ass has disorderliness of its crystal structure in general , and
a thin S |ayer deposited thereon is an 20 anor phous | ayer or, at best,
a polycrystal |ayer, reflecting the disorderliness of substrate, of
whi ch h|ghubstfateamseaﬂerpheescandoSiMpléaaepositﬂonhbme$y

because of the crystal structure with many | nperfections, anorphous
Si and pol ycryst dayer widlnoot Péeld aasynglefabystal elayenewithngpod
havi ng sufficient performance that is required or will be required
in f ut ur equplit¥.because the crystal structure of the

- 17 - substrate is anorphous and sinple deposition of Si

|l ayer will not vyield Qnthgl@tbﬁyshﬁndba§ﬁpsﬁfﬁﬁe§o% compoupdg| jty.

On the other hand, substrates of conmpound 5 conductﬁe re necessary

and i ndi spefsabl 8pbFonductor; ape; g Fﬁﬁaﬂgvﬁﬁgslﬁ 1EBapSaARLe sEAT conduct or |
e et ARBRRETRg! gSOURa e S SRIEH bk S5aC2REEY ¥ e
substrates of compound semiconductor are expensive and
very difficult to form a large area. From these
reasons, attempts have begn made to hetero-epitaxially
10 grow a compound semiconductor of GaAs or the like on
the Si wafer, which can be fabricated as a large-area
wafer.

However, the thus grown film has poor
crystallinity because of differences of lattice

15 constant and coefficient of thermal expansion and it is
thus very difficult to apply it to devices.

It is, therefore, an object of the present
invention to provide a process for fabricating a film
with good crystallinity and to provide a process for

20 fabricating a semiconductor substrate, which can
effectively use the semiconductor substrate as a
material and which can suitably achieve saving of

resources and reduction of cost.

25 SUMMARY OF THE INVENTION
The inventor has been made strenuous efforts on

achieving the above object and achieved the following



reasons, attenpts have been nade to hetero-epitaxially 10 grow a

conpound sem conductor of GaAs or the |like on . the Si wafer, which
can be fabricated as a | arge-area vwi r. However, the
t hus grown filmhas poor crystal lini @ because of differences of
lattice 15 constant and coefficient of thermal expansion and it is
thus very difficult to apply it to devices. It is, therefore,
an object of the present i nvention to provide a process for

fapricating a fihdintion. WibdleBp0taCtyPbp! tabkidatltn roceusdgea process

for 20 fabricating a sem con strate, which can

effectively useslifcshEheoor IChoEF4bE! A8b6rdsng to the PRéSEns! and which
can suitably acﬁleve savl ng of resources and reduction of cost.

25  SUWARY ObnJé&EtiDYENE | &NFabrication prb€essvent sembesndeetorade
strenuous efforts on achi eving the above object and achieved the

f ol I owi ng substrate comprising: a step of-bdBding a principaéntion.
Nanely, a first fabrication process of sem conductor substrate
accordi ng 50 thsupfasenbf a firstvenbstmate &of abprincipalpsuréaseopt
sem conduct or substrate conprising: a step of bonding a principal 5
surface of a fi mseecobdt substrate, pthecktpastsgubgtsage being an Si
substrate in which at least one layer of non-porous
thin film is formed through a porous Si layer; a step
of exposing the porous Si layer in a side surface of a
10 bonding substrate comprised of the first substrate and
the second substrate; a step of dividing the bonding
substrate in the porous Si layer by oxidizing the
bonding substrate; and a step of removing a porous Si
and oxidized porous Si layer on the second substrate
15 separated by the division of the bqnding substrate in
the porous Si layer.
Further, a second fabrication process of
~ semiconductor substrate according to the present
invention is a fabrication process of semiconductor
20 substrate comprising: a step of bonding a principal
surface of a first substrate to a principal surface of
a second substrate, the first substrate being an Si
substrate in which at least one layer of non-porous
thin film is formed through a porous Si layer and in
25 which the porous Si layer is exposed in a side surface
thereof; a step of dividing the bonding substrate in
the porous Si layer by oxidizing a bonding substrate

comprised of the first substrate and the second



a second substrate, the first substrate being an Si - substrate in
which at | east one |ayer of non-porous thin filmis formed through a
porous Si layer; a step of exposing_thg porous Si layer in a side
surface of a 10 bondi ng substrate conprised of the first substrate and
the second substrate; a step of dividing the bonding substrate in
the porous Si |ayer by oxidizing the bondi ng substrate; and a step
of renoving a porous Si and oxi di zed porous Si |ayer on the second
substrate 15 gupaeehtbsdahy bhetdpvbEi pemotrihgeabpobng Sibahdate in
the porous Si |ayer. Further, a second fabrication process of
sem conduct or sgkitdiakd pogoudi 84 fLayklmeopr €hensecond substeateon is a
fabrication process of sem conductor 20 substrate conprisin%: a step
of bonding a priseparalted by theudfizdieioh off thet bondingasubsgratgr LRci pal
surface of a second substrate, the first substrate being an S
substrate i n whithe porowssSiodayexyer of non-porous thin filmis
formed through a porous Si layer and in 25 whi ch the porqus Si layer is
exposed inSa side suPlges a third fabxdcation: pyosess ffdsRFLCARINSHA Ny
substrate in the porous Si |ayer by oxidiziqg a Qondin% substrate

n ven one

conprised of t h&WistRate, FSCOEOdNGFOr FPS PEGRENT ton 1
- 19 a%%gg%ﬁ%éf%ogqgegéﬂgy%(Eﬁfg%ngg @%d%nﬁpE%5§i§Et§%g
process of semiconductor substrate, wherein after
removing the porous Si and oxidized porous Si layer on
10 the first substrate separated by the division of the
bonding substrate in the porous Si layer, the first
substrate is again used as a raw material for the first
substrate before bonding.
In addition, a fourth fabfication process of
15 semiconductor substrate according to the present
invention is one according to the above first or second
fabrication process of semiconductor substrate, wherein
after removing the porous Si and oxidized porous Si
layer on the first substrate separated by the division
20 of the bonding substrate in the porous Si layer, the
first substrate is again used as a raw material for the
second substrate before bonding.
Moreover, a fifth fabrication process of
semiconductor substrate according to the present
25 invention is one according to either one of the above
first to fourth fabrication processes of semiconductor
substrate, wherein at least one layer of non-porous

thin film is formed through a porous Si layer on each



oxi di zed porous Si |ayer on the second substrate separated by the

di vi sion of the bonding substrate in t he porous Si layer. 5

Also, a third fabrication process of senicogguct substrate
according to the present invention is one according to the above
first or second fabrication process of sem conductor substrate,
wherein after renoving the porous Si and oxi di zed porous Si |ayer on
10 the first substrate separated by the division of the bondi ng

substrate in th§Fp &8u§ﬁf%?iﬁﬁfrsu£?§c£érék the firsStPshbstLaté agai n used

as a raw materi strate before bondi ng.
naddition a {RUrLOcHAR LGBLLARLR! 96ChEnAkA 18 eachedFCeRdueks! substrate
according to the p vention Is one according to the above

first or secondyrincip aiagﬁfgggégn process of sem conductor substrate,
wherein gfter renoving the porous Si and oxi di zed porous Si

layer on the first sghstpabseftPanebatiby ukeldzessenhan28d oxdflathien

bondi ng substrate in the porous Si |ayer, the first substrate is

agai n usedsas aofapofduer Sal tbooxtiidze the pezousdSiubevexnt Eromf the

bondi ng. Moreover, a fifth fabrication process of

seni conduct or sphsupaeeyaotomdfﬁg t whelyebyr ¥odume gxpansippeAfi EFTPYSone

according to either one of the above first to fourth fabrication

processes of seicbegopes greater fmen the ceptereity e é’&é’t" ‘ayer of

non- por ous thin filmis forned throu%p a oroH§ Si q&gh
This seems as if porous Si uni Y we g d from

periphery, so that the internal pressure is exerted on

10 only the porous layer, and it splits the wafer in the
porous Si layer therethrough across the entire surface
of wafer. This provides the fabrication process of
semiconductor substrate solving the various problems as
discussed previously.

15 Namely, in the case of the bonding substrate
having the multi-layered structure, if the method of '
splitting at porous Si by external pressure is applied
"and if the substrate has an interface with low strength
or a partially weak region, the substrate will be split

20 at the weak portion. In contrast, the present
invention permits the internal pressure to be exerted
only on the porous Si layer by utilizing oxidation, one
step of the normal Si-IC processes, excellent in
uniformity, and by combining high-speed oxidizability

25 of porous Si, volume expansion of porous Si, and
fragility of porous Si, whereby the wafer can be split

with good controllability in and through the porous Si



- 20 - of two principal surfaces of the first substrate and

the second substrate is bonded to each of the two principal surfaces.
The present invention utilizes enhanced oxgdation 5 of porous Si to
oxi di ze the porous Si layer fromthe peri phery of wafer, whereby

vol une expansi on of porous Si becones greater fromthe center to the
peri phery. This seens as if porous Si is uniformy wedged fromthe
peri phery, so that the internal pressure is exerted on 10 only the
porous | ayer, aagtert splits the wafer in the porous Si |ayer

t her et hrough across the entire surface of wafer. This provides the
fabrication processFufrther, usenoﬁohhacpﬁﬁc§§§s@¢§9§d569vtﬁg RRe various
probl ens as di scussed EreV|ousI Nanely, in the case of
the bondi ng subresens inventigavengblas 'ﬁﬁl FeusayEPEdféFﬁ’acﬁare if the

met hod of sp Ilttlng at porous_Si external ressur Is applied
and i f the subsubgtsakasagkernrempygsd RFt he RPTPPEngiRstrate "5

|l k h I h k
por i on. 51 n- cBRERAGR: Ewﬁiéﬁgi%%?tgi “subsfFo3R, Fon 68 rerEben Y or na

tob t ed hg
Ot dat | on, _onemoaber-Sg, gingp BebrR 1k BeBORALT vk BIE 1 rkbpaRt! )

uni for i ty, angdy SORUERAAGCRAOY §aﬁa<éhqxidi zability 25 of porous Si,
vol unme expansi on OF por o %I, ang fragility of porous Si, whereby
the wafer can be splhbh present invention permits separation through
the porous layer over a large area in removing the
10 first Si substrate. The first Si substrate thus
removed can be reused again as a first Si substrate or
as a next second substrate after removing the residual
porous layer or after flattening the surface if the
surface is so rough that its surface flatness is not
15 permissible. The surface flattening process may be the
method of polishing, etching, etc. used in the normal
semiconductor processes, but may be annealing in an
ambient containing hydrogen. By selecting suitable
conditions forlthis annealing, the surface can be
20 flattened so as to reveal atomic steps locally. In the
case of repetitive use as a first Si substrate, this
first Si substrate can be reused any number of times
before it becomes unusable in respect of mechanical
strength.
25 Since the present invention permits division of a
large area en bloc through the porous layer, it can

obviate the need for the grinding, polishing, and



with good controllability in and through the porous S

- 21 - | ayer. Further, use of the process according to
t he present invention enables to reugg the first Si substrate
after renoval of the porous substrate 5 portion. This first S
substrate can be reused any nunber of tinmes before it becones
unusabl e in respect of its mechanical strength. The
present invention permts separation through t he porous | ayer over a
| arge area in Ptapbihggsteps ¢onventiopally easentiad. forhrempwvingSthe
substrate thus _ renoved can be reused again as a_first Si substrate
or - as afdEst substyatepier akpoget ther paEOHagSLhéayes| dthereby
porous |ayer or, after .flattening the surface if the surface is so

rough that its9SGFPREANE| ZPRe§EEPS - nofn additigey nithei BPELtiPReOSurf ace
(Latent ng brogeea Bk Benl B, anesnealehSShaB' Bl 1SS0, StC.
condi 1 ong T or PEECEEN T ehbs EY 8280 bR 2% B 0B MR8 i8R cned 5o as to
firer s subst raprendition/or ot hestsone c1BAENY OLEPRE' oXE HRECET B\
of times hy@2bgkh, bnRPRITeagEAUERPLE kB hE9RetheObrBfelinisca
range in the porous layer, which eﬁens the thickness of
the porous layer remaining on the second substrate
10 side. Then the porous layer can be removed uniformly
even with an etchant having an etch sélectivity not so
high. Further, the conventional fabrication of bonding
substrate employed the méthod for successively removing
the first Si layer from one surface by grinding and
i5 etching, and therefore, it was impossible to bond the
two surfaceslof the first Si layer with respective
support substrates, as effectively utilizing the both
surfaces. in contrast, according to the present
invention, the first Si substrate except for the
20 surface layer thereof is maintained as it was, and two
substrates fabricated by bonding, deviding and thinning
can be fabricated simultaneously with the aid of one
first Si substrate by using the both surfaces of the
first Si substrate as principal surfaces and bonding
25 support substrates to the respective surfaces, which

can raise productivity. Of course, the first Si

substrate after division can be reused.



strength. 25 Since the present invention permts division of a

| arge area en bl oc through the porous layer, it can obvi ate the need

for the grinding, polishing, and - 23 - 22
etching steps conventionally essentlal for renoving the

flrst substrate to expose the porous Si |ayer, thereby decreasing the

steps. In addition, the position of di vision can be defined at a

limted depth in the 5 porous Si layer by prelimnarily performng ion

i mpl antati on of at |pasad@beicheneie présabt rimeentbos, permits hydiagea, and
"nitrogen so as to have the projected range in the porous |ayer, which
evens the thickaesa b6 be divided pemdobot ateroughatihe ipooeus hbager oba
substrate 10 side. Then the porous |ayer can be renoved uniformy
even with an etcrémovihgvitheg ﬁhr%tcﬁls%ubétxﬁt@y which can decﬁ?@ﬁe et her,
t he conventional fabrication of bondin substrate e&p gﬁed the method

for successivel ytepgpvWhich is e?ﬂ@°$+?§%L$le¥%9%}e?Fon?B FRag@Npy
P surfacBs of CFRRSERFsE RpTHYEPUR FRIRcEHLE Fugh Bo an 5 pEpgted ("¢
oo g o € B et s, Sl
for the 20  surface 1ayer hOSh§OhnkEolRLY! 8188%a8R0LE ¥2Eargadakil
and having extremely excellent crystallinity to the
second substrate at a good yield. Namely, the SOI
10 structure with the Si single-crystal layer formed on
the insulating layer can be attained with good
uniformity of film thickness and at a good yield.
In other words, the present invention provides the
Si single-crystal layer or the compound semiconductor
15 single-crystal layer with the remarkably reduced number
of imperfections én the insulator by using the Si
single-crystal substrate being economically excellent,
being uniformly flat across a large area, and having
extremely excellent crystallinity and by removing the
20 portion ranging from its one surface to the active
layer as leaving the Si or compound semiconductor
active layer formed in the surface.
The present invention provides the fabrication
process of semiconductor substrate superior in the
25 aspects of productivity, uniformity, controllability,

and cost in obtaining the Si or compound semiconductor

single-crystal layer with excellent crystallinity



substrates fabricated by bondi ng, deviding and thinning can be

fabricated sinmultaneously with the aid of one first Si substrate by
usi ng the both surfaces of the first,Si_ substrate as principal
surfaces and bonding 25 support substra es to the respective surfaces,
whi ch can raise productivity. O course, the first Si

substrate after division can be reused.

- 23 - In addition, the present invention pernmits a large

area to be divi Wl ditoad higiod fﬁﬂz_ﬁ@l&yw wdfer, on fe€noving the
first Si substrate, which can decrease t st eps, which is

econom cal |y exaeinspirerithbuditfatain Light traisdigysive@upstmte hin film
such as an Si single- crystal |ayer or a conpound sem conduct or

si ngl e- Cryst @he afabrins tippnifaceds dff atensiccarsiuctdargbstate

and having extrenely excellent crystallinity to the second substrate
at a good yi el cacadarding tdetl8Oipreasent inventigr involves prforming

single-crystal layer formed on the insulating | ayer. can be attained
with good 5 s %wm@t@urmmﬂmw%%%nwlex WLGRILRF fich
I n other words, the present invention provides th e-crystal

| ayer or the coOTRMRRELEERY corRRkeRY en: lin%i%l%bﬁ%taoﬂ‘ $’ay%’rnﬁ?h t he

remar kabl y reduced ons_pn

the S Ferta Lot comeonnd setbeundic Lt atpule orastal Bhhy 1o N

uniformly flat across a large area and having extremely
excellent crystallinity.

10 Further, removal of the porous Si layer of the
present invention can also be done by selective
polishing with using the single-crystal layer as a
polishing stopper because porous Si has low mechanical
strength and enormous surface area.

15 Also, the present invention can provide the
fabrication process of semiconductor substratelthat can
replace the expensive S0S or SIMOX for fabricating
large-scale integrated circuits of the SOI structure.

The present invention can form a single-crystal

20 compound semiconductor layer ﬁith good crystallinity on
porous Si, can transfer the semiconductor layer onto an
economically excellent and large-area insulating
substrate, and can form the compound semiconductor
layer with good crystallinity on the insulating

25 substrate as well restraining the differences of
lattice constant and coefficient of thermal expansion

which were the forgoing problems.



being uniformy flat across a large area, and having extrenely
excellent crystallinity and by renoving the 20 portion ranging fromits
one surface to the active | ayer as_lg@ving the Si or conpound

sem conduct or active layer forned in the surface. The
present invention provides the fabrication process of sem conduct or
substrate superior in the 25 aspects of productivity, uniformty,
controllability, and cost in obtaining the Si or conpound

sem conduct or 1fi tBeepetegshtl ihagation} hackapetcof grypsteriahity

- 24 - equi valent to that of single-crystal wafer, on a
transparent subnavahg &l smhlleraceefficientubst thesnpal expansion than
fabrication process of sem conductor substrate accordlng to the
present inventi shatnofl Seésipefbumaidngt beastsencenevaidecafnghqi pyter

out standi ngly excellent etch selectivity, thereby enabli to obtain
an Si single surfecestaf thecbapding §Eh§§§ﬁHBCPBF°§FnﬁpélEFiggaPYbeing
uniformy flat across a | arge area_and_ having el | ent

crystallinbty. oxddation (°FuPP§§Fb1YePB§8Fe P°Fhéng§roﬂge§ﬁbwa? r of the
present invention can also b cti

el
t he singl e- crystSMPELRINTES ur1ng °§6§ tgﬂpné SPSSSmesB@ég%gg?ggwghgogs'ng
has | ow WEChanlggband and thu %300 ,270" TRUEHAULEREE BE8Fing

directions in the peripheral region of the bonding
wafer, facilitating occurrence of the wedge effect by
10 oxidation.

Also, in the case wherein regions without an
implant layer formed are formed because of existence of
contaminations on the surface upon ion implantation,
because the mechanical strength of the porous layer

15 itself is smaller than that of bulk Si, peeling occurs
in the porous layer, so that the two substrates bonded
can be divided without extending damages such as cracks
to the non-porous single-crystal Si layer.

Since the ion implant region has the gettering

20 effect, metal impurities, if present, can be subject to
gettering By the ion implant region and thereafter the
ion implant region with the impurities can be removed
by separating the two substrates bonded. It is thus
effective to impurity contamination.

25 The present invention may combine anodization with
ion implantation to make the porosity of the side

surface small and the porosity of the central part



15 Al so, the present invention can provide the fabrication
process of sem conductor substrate that can repl ace the expensive
SCS or SIMOX for fabricating | ar ge- s €J§ integrated circuits of the
SA structure. The present invehtion can forma single-crystal
20 conpound sem conductor |ayer with good crystallinity on por ous
Si, can transfer the sem conductor |ayer onto an econom cally

excellent and | arge-area insulating substrate, and can formthe

conpound sem co or WhE 99PEmET dRbahE1iBh ¥f Obhé Neide
I nsulating 25 fgyé%bs%?%fgpgskagfégrestraining th% di fferences of

lattice constank,ppgcg0§EEatbeNin@l th8cs8PEnGYRaOE! €he centrabhpahtwere the
forgoi ng probl ens. - 25 -

In the present jgyegbi 88, t8 Fayelieate peekingl having a smal |l er
coefficient of thermal expansion than that of Si is forned at | east

on one side of the outer surfaces of the bonding substrate before
splitting by 5 oxi dation (or possibly before bonding), whereby at

t enper at ur 8s duBREBFORESGRIBPTIGN OEcPHESDRAWENGBkely to expand and
thus stress acts in the wafer peeling directions in the peripheral
regi on of the bondi n§ig. 1 igaBeschemaitirt SrPE§-66EELPBALe VALY ARTWedge

effect by 10  oxidation. - . Aso, in the case_mher%Ln regi ons
Wi t hout an explaining the principle of the present invention;

Fig. 2 is a schematic cross-sectional view for
explaining the principle of the present invention;
10 Fig. 3 is a schematic cross-sectional view for
. explaining the principle of the present invention;
Fig. 4 is a schematic cross-sectional view for
explaining a step of the present invention;
Fig. 5 is a schematic cross-sectional view for
15 explaining a step of the present invention;
Fig. 6 is a schematic cross-sectional view for
explaining a step of the present invention;
Fig. 7 is a schematic cross-sectional view for
explaining a step of the present invention;
20 Fig. 8 is a schematic cross-sectional view for
explaining a step of the present invention;
Fig.-9 is a schematic cross-sectional view for
explaining a step of the present invention;
Fig. 10 is a schematic cross-sectional view for
25 explaining a step of the present invention;
Fig. 11 is a schematic cross-sectional view for

explaining a step of the present invention;



i opl ant | ayer fornmed are forned because of existence of

cont.am nations on the surface upon ion inplantation, because the
mechani cal strength of the porous layer 15,7 _itself is smaller than that
of bulk Si, peeling occurs in the porous |ayer, so that the two
substrat es bonded can be 'di vi ded wi t hout extendi ng damages such as
cracks to the non-porous single-crystal Si |ayer. Si nce
the ion inplant region has the gettering 20 effect, netal inpurities, if
present, can be subj guig.t A2 is a syticmtiey drpsishiacctionygll ardiew d&gixron and
thereafter the lon inplant region with the inpurities can be renoved
by separating t lexpghedrsingsta attep mfhdde presentt Hmvention; ef fective to

i mpurity contam nation. 25 The present invention may conbine

anodi zation with Fig.i d8 ifplaamschematico onges-sectionsdi Miew fiare side
surface snall and the porosity of the central part

- 26 - explad nine e Bramiafh ¢heh eresiente iaveaidioni of the side
surface greater and the strength of the central part . Iom/so as to
facilitate Seeling. Fig 14 5R @ sshematin G@OQS'HQEW\I@;‘EW for

Fig. 1 is a schematic cross- sectlonal view fo x!olalnlng t he
principle of the¥REEHNG @ &g Pt the conventional @

Fig. 15 is a schematic cross-sectional view for
explaining a step of the conventional example;
Fig. 16 is a schematic cross-sectional view for
10 explaining a step of the conventional example;
Fig. 17 is a schematic cross-sectional view for
explaining a step of another conventional example;
Fig. 18 is a schematic cross-sectional view for
explaining a step of another conventional example;
15 Fig. 19 is a schematic cross-sectional view for

explaining a step of another conventional example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the present invention, the porous Si layer is
20 oxidized from the periphery of wafer, utilizing
enhanced oxidation of porous Si.. Volume expansion'of
porous Si increases from the center toward the
periphery, and the present invention fﬁus has the same
effect as porous Si is as if to be uniformly wedged
25 from the periphery. 1In that case, the internal
pressure is exerted on only the porous Si layer and the

wafer is divided in the porous Si layer throughout the



Fig. 2 is a schematic cross-sectional view for expl ai ni ng the

principle of the present invention; 10 Fig. 3 1s a schematic
cross-sectional view for expl aining the principle of the present

I nventi on; : Fig. 4 is a schemali &“°ross-sectional view for
explaining a step of the present invention; Fig. 5is a
schematic cross-sectional view for 15 explaining a step of the present
i nventi on; Fig. 6 is a schematic cross-sectional view for

tgj nvention;

explaining a step _.af the esen ; 4G 7 '
schemati c cross-ég’é"eﬁeoﬁa“ &y t gPis provides the fabrig éé%ocﬁ l:Ill:r%fé%osrsesent

| nvention; 20 ¢ (ﬁen{:.hc!ar%uc%drs ShpieR iébl%i@%s'ﬁfé:tx}%l?uéé ipi'@::‘sﬁlﬁcal(gms

explaining a step € present 1 nvention;

schematic cross-geiialsad ?%éﬂously. expl aining a step of the present
I nventi on; Fig. I0 is a schematic cross-sectional view for 25

explaining a step of fie QFHREP1d BEMiIWIEion by oxidatidn tas 1d basis
schemati c cross-sectional” view for explaining a step of the present

i nvention; 5 ‘of the present invention will be -désScribed with Fig.
12 is a schematic cross-sectional view for explaining a step of the

present inventi areference to Figg.l b iEig. sThentn iEigsr obstadEigordl view
for explaining a step of the present invention;

reference numeral 11 designates a first Si single-
crystal substrate; 12, a porous Si layer; 13, a non-
porous thin film; 14, an insulating layer; 15, a second

10 substrate; and 16, an oxidized porous Si layer.
Although Fig. 1 to Fig. 3 illustrate an embodiment in
which the insulating layer has been formed on the
surface of the second substrate, it may be formed on
the first substrate or both of the first and second

15 ones. There are some such cases as GaAs on Si p-n
junction where the insulating layer has been formed on
neither of the substrate. Fig. 1 shows a bonding
substrate immediately before oxidation. The side
surface of porous Si is exposed. The side surface of

20 porous Si is also normally covered by a non—poroﬁs thin
film, and it is necessary to make the side surface
exposed éfter or before bonding. When this bonding
substfate is oxidized, enhanced oxidation starts from
the side surface of porous Si because of the enormous

25 surface area of porous Si. The volume expands 2.27
times when Si turns to SiO,. Thus, if the porosity is

not more than 56 %, then the volume of the oxidized,



5 Fig. 14 is a schematic cross-sectional view for expl aining a
step of the conventional exanple; Fig. 15 is a schematic
cross-sectional view for explaining a.gtep of the conventi onal

exanpl e; Fig. 16 is a.schematic cross-sectional view for 10
expl aining a step of the conventional exanple; Fig. 17 is a
schemati c cross-sectional view for expl aining a step of another
conventi onal exanpl e; Fig. 18 is a schematic cross-sectiona

view for BEPbES SN 01 aySE S P SRPAME!  OFHY SidaA AR 15 S HEiond O
Fig. 19 is a schematic cross-sectional view for expl aining a step of

anot her conventigdath€xe&itér of wafer, DEH 1dwheDEKER ddd£de (bf THE
PREFERRED ENMBODI MENTS I'n the present invention, the porous Si

| ayer is 20 oakﬂaaeﬂoﬁronThﬁe,pemephﬁlumeﬁexpémsiomtaf|ﬁh@gox1d1zed
enhanced oxi dation of porous Si. Vol une expansion of porous Si

i ncreases from tpergest®i layerdnedr the sidecsupface, ocfindafér heconss

i nvention thus has the sane effect as porous Si is as if to be
uni formy wedgedgreater asoshowe perFitery. Thishis iust theesameernal
pressure is exerted_on only the porous Si |ayer and the wafer is
di vided in the p%@%@st£9n|%§ewe@%¢%uaﬁ%u@r%vﬁn into the porous Si layer

- 28 - ntire sur Thi s pr Vld s the abrlc tjion ocess
grom the sig surfacepog er and the terngi

pressure is exerted on only the porous Si 1ayer; so
that force acts so as to divide the substrate in porous

10 Si. In addition, since oxidation uniformly progresses
at the periphery of wafer, the bonding wafer will be
split equally from the circumference of wafer. As a
result, the wafer is divided as shown in Fig. 3. This
oxidation step is a step used in the normal Si-IC

15 processes and thus requires neither special facilities
nor special techniques such as careful insertion of an
edged tool.

The bonding substrate has the multi-layered

structure, and, thus, if it has an interface of low

20 strength or a locally weak region, the method of
splitting at porous Si by external pressure would cause
splitting at the weak portion. The present invention
permits the internal pressure to be exerted on only the
porous Si layer, utilizing one step, oxidation, with

25 excellent uniformity of the normal Si-IC processes and
combining the enhanced oxidizability of porous Si,

volume expansion of porous Si, and fragility of porous



of sem conductor substrate solving the various problens as di scussed

previously. The principle of division by oxidation as a basis 5
of the present invention will be described wth reference to Fig. 1
to Fig. 3. In Fig. 1to Fig. 3, ref ér&ce nuneral 11 designates a
first Si single- crystal substrate; 12, a porous Si layer; 13, a non-
porous thin film 14, an insulating |ayer; 15, a second 10 substrat e;
and 16, an oxidized porous Si |ayer. Al though Fig. 1to Fig. 3

illustrate an ergiqdiﬁg&%fﬂ;ﬁgh& w redichh gjégdiq,'sj_taeg hA%kH yeya has been
u .

formed on the e secon ubstrate, it may be fornmed on

the first substr r&g&sl%ﬂsﬂy the fid Yoruk SCAuyerd5  ones. There are
on Si “p-n

some such cases as junction where the insulating
| ayer has been fornmedy@fbr the rdiduil pirduie siubeid ajxidiFegl pordwus's a

bondi ng substrate 1 nmedi ately before oxidation. The side

surface of porousi Sayer e ac@tbvddieerdmletisairfirst ©i Sifbstrae dhusi s

al so normally covered by a non-porous thin film and it is necessary
to make thes si desepdifatted by the calpwsednethai of the @resentli iryevkens hi s
bondi ng substrate is oxidized, enhanced oxidation starts from

the side surfacethé PirsusShisukstrate oistenbisnied ko @55urfagRface area
of -porous Si. The vol une expands 2. 27 ti mes whe s to

Siderr]. Thus, fiathenpegoefegess if surfage RAEPefRNT Sé@éé]{ n the
volume of the Oxigééggicient. Then the first Si substrate can be
reused again as a first Si layer or as a next second
10 substrate.

The surface flattening process may be the method
of polishing, etching, and the like used in the normal
semiconductor processes, but may be annealing in an
ambient containing hydrogen. By properly selecting the

i5 conditions for this annealing, the substrate can be
flattened so as to expose atomic steps locally. The
annealing in the ambient containing hydrogen may be
carried out, for example, under such conditions as H,
100 %, 1100 °C, 2 ﬁours; H,/Ar = 20/80, 1150 °C, 1 hour;
20  or H, 100 %, 1050 °C, 2 hours. | '

Since the present invention permits a large area
to be divided en bloc through the porous layer, it can
omit the grinding, polishing, and etching steps that
were conventionally essential for removing the first

25 substraté to expose the entire surface of porous Si
layer, thus decreasing the steps.

When the substrate separated is repetitively used



- 29 - porous Si layer will expand. The nearer the position

to the center of wafer, the | ower the degree of oxi dation. Thus, the
vol une expansi on of the oxidized porousgy S layer near the side
surface of wafer becones 5 greater as shomn in Fig. 2. This is just the
sane condition as wedges are driven into the porous Si |ayer
fromthe side surface of wafer, and the internal pressure is exerted
on only the porous Si |ayer, so that force acts so as to divide the
substrate in porasisa frstS5i substdaté] othisi fitestx$iagulbestratd aran \be
progr esses at the periphery of wafer, the bonding wafer will be
split equally froeuséé anycouhberncf bimesfbefors it becomes egnlisabléne
wafer is divided as showmn in Fig. 3. This oxidation step is a step
used in the norndh Bhe| @spegt ofirwecharicahdstrergtlqui res neither speci al
facilities nor _speci al techniques such as careful insertion of an
edged t ool . Furtherposdnag & %s@@%Y%nﬁan@%efﬂh¥%¢at%9%r%ﬁ
structure, and, thus, if it has an interface of |ow strength or a
local |y weaR regPeRdingcsupehsateremploys §E$|T?Fh@dafoﬁoﬁﬁﬁgeﬁﬁlYﬁl

t | ld c th k
S ent i et CRemovifg “BHR e1rsr g1 Ribb kit Erdn ofs K148 1hEry

xcal | ont uni for B¥1 §EBPtRA KR FbaLb "R b EhE0s ngéigaéé%]%%%%%h?n?t ne

enhanced oxi di zapiiht ¥, 0FaRREOUE the first sYCOLUBEtFXLANELOPelbelOiolS Si
and fragility of porous

support substrates as effectively utilizing the two

10 surfaces. In contrast with it, according to the
present invention, the first Si substrate except for
the surface layer is maintained in its original state,
and thus, by using the both surfaces of the first Si
substrate as principal surfaces and bonding the two

15 surfaces to the respective support substrates, two
substrates fabricated by bonding, deviding, and
thinning can be simultaneously fabricated from one
first Si substrate, which can decrease steps and
improve productivity. Of course, the first Si

20 substrate separated can be reused.

In other words, the present invention provides the

Si single-crystal layer or the compound semiconductor
single-crystal layer with the remarkably reduced number
of imperfections on the insulator by ﬁsing the Si

25 single-crystal substrate being economically excellent,
being uniformly flat across a large area, and having

extremely excellent crystallinity and by removing the



- 30 - Si, whereby the wafer can be divided with good
controllability in the porous Si |ayer. After the residua
porous Si and oxi di zed porous Si |ayegpis renmoved fromthe first S
substrate thus 5 separated by the above nethod of the present

I nventi on, the first Si substrate is subjected to a surface
flattening process if surface flatness thereof is I nsufficient. Then
the first Si substrate can be reused again as a first Si layer or as

a next second pBrtiofUbahgahg. from its one Stefadef doethéaatesag process
may be the nethod of polishing, etching, and the like used in the
nor nal seéayerndscleavingceheeSi brnt compobndasemiatonguctozn

anbi ent contai ni ng hydrogen. By properly selecting the 15 condi tions
for'this anneal aggivehdayebsfoamedcin tbe surfacelattened so as to expose
atom c steps locally. The annealing in the anbient containing
hydrogen may be Thec preseatodnvensionx prpvédegngbe SabrRicaRdPri ons as
H2 100 % 1100 [err]C, .2 hours; H2/Ar = 20/80, 1150 [err]C, 1 hour;
20 or H® 100P%Pcegsoofepppicondygikpy. substrate supgripr iRetPPesent

I nvention permts a |l arge to be divi

_ ar ea L 0 b .ded en bl o tgn ygh the

porous | ayer, i@SPgFts of PreﬁPFtﬂﬂét§r|H&%ﬁ&?mﬁngsﬁPH F°§ﬁ3 éﬁ&%?ng st eps

that and cost in obtaining the Si or compound semiconductor
single-crystal layer with excellent crystallinity
equivalent to that of single-crystal wafer, on a

10 transparent substrate (light transparent substrate).

Also, the present invention provides the

fabrication process of semiconductor substrate that can
replace the expensive SOS or SIMOX for fabricating
large~scale integrated circuits of the SOI structure.

15 The present invention cén form a single-crystal
compound semiconductor layer with good crystallinity on
porous Si, can transfer the semiconductor layer onto an
economically excellent and large-area insulating
substrate, and can form the compound semiconductor

20 layer with good crystallinity on the insulating
substrate as well restraining the differences of
lattice constanf and coefficient of thermal expansion
which were the above-stated problems.

Further, removal of the porou§ Si layer of the
25 present invention can also be done by selective

polishing with using the single-crystal layer as a

polishing stopper because porous Si has low mechanical



were conventionally essential for renoving the first 25 substrate to
expose the entire surface of porous Si | ayer, thus decreasing the
st eps. When the substrate separ3ded is repetitively used
--31 - as a first Si substrate, this first Si substrate can be
reused any nunber of tinmes before it beconmes unusabl e I n the aspect
of mechani cal strength. Further, since the conventiona
fabrication of 5 bondi ng substrate enpl oys the nmethod for successively
removi ng t he firstrengthband .erormows R £ACR a¥RR eof by grinding and
etching, it is inpossible to bond the both surfaces of the first Si
substrate to respectiVae presentphRyentionpay «<opking fapedyzationiyvithng
the two 10 surfaces, |In contrast mﬁtq%it, according to the

the derortt

present inventi o0t HBPIaRtRLION HRIAKE cLhs ROFOFHEY of The 1 gidey face
bor b surt aces. of Sehare aiat ' dd%ng Bifostey o e MR-l HELED L1G
Subst rat es oy | 1AFEE bEERET nutRHhy P HhECPE LI e RbBRE o MPLAG Sige 11O
decr eage ot aps aagrEEBbCUrLhedyigfa the stivhgin HECLRS CEAEralbecd Lo
substrate separajg§ s8Nafetbeps€fllitate peeling.

In the present invention, a iayer of a material
having a smaller coefficient of thermal expansion than

10 that of Si is formed at least on one side of the outer
surfaces of the bonding substrate before splitting by
oxidation (or possibly before bonding), whereby at
temperatures during oxidation Si becomes more likely to
expand and thus stress acts in the wafer peeling

15 directions in the peripheral region of the bonding
wafer, facilitating occurrence of the wedge effect by
oxidation.

The present invention simultaneously solves the
various problems discussed previously by the above-

20 stated enhanced oxidation and volume expansion of
porous layer effected uniformly from the periphery of
wafer.

Uhlir et al. discovered porous Si during the
research process on electrolytic polishing of

25 semiconductor in 1956 (A. Uhlir, Bell Syst. Tech. J.,
Qol. 35, 333 (1956)). Porous Si can be formed by

anodizing an Si substrate in HF solution. Unagami et



In other words, the present invention provides the Si single-crystal
| ayer or the conpound sem conduct or single-crystal layer wth the
remar kably reduced nunber of inperfe alons on the insulator by using
t.he Si 25 single-crystal substrate belng econoni cal ly excel |l ent,

being uniformy flat across a |large area, and having extrenely
excellent crystallinity and by renoving the

- 32 - portion ranging fromits one surface to the active

llayer as |eavingithgtabigh EQ&BBEG@l&ﬁ”bQOBQUQhO&he anodd¢hit¥enl anar formed
in the surface. e present invention provides the fabrication

5 process of &ePbQQ_aa%hat gHBsShhade sehetioh bff BHein HF saipegba oOf
productivity, unitormty, controllability, and cost in obtaining the

Si or conpound sefguitedubbles and thiatghheCrgpactlohayas wist fodiowls! ¢t
crystallinity equi valent to that of single-crystal wafer, on a 10
transparent subinagbei(| JghElecirochesnt Soabst vaile) 127, 476 (198Q)9e, the
present invention provides the fabrication process of sem conduct or
substrate Bhat can Si + 2HFphad@ th&)epenSife S@H o BEMOX for
fabricating | arge-scale integrated circuits of the SO structure.
15 The preseSdFantedFon €&k fortha a si ngl e-cryst al conmpound
sem conductor |ayer w th good crystalllnlty on porous Si, can
transfer the sen1conéH€%o? PHVer BitiFaan

or
Si + 4HF + (4 - ANe' - SiF, + 4H' + Ae”
10 SiF, + 2HF - H,SiF, |

Here, e' and e represent a hole and an electron,
respectively. Further, each of n and A is the number
of holes necessary for one atom of Si to dissolve, and
it is reported that porous Si is formed when the

15 condition of n > 2 or A > 4 is satisfied.

From the foregoing, p-type Si including holes can
be changed to porous Si, but n-type Si cannot. The
selectivity in this porous Si formation was verified by
Nagano et al. and Imai (Nagano, Nakajima, Anno, Onaka,

20 and Kajiwara, technical research.report, the Institute
of Electrbnics, Information and Communication Engineers
(IEICE), vol. 79, SSD 79-9549 (1979)) and (K. Imai,
Solid-State Electronics, vol. 24,.159 (1981)).
| There is, however, another report telling that

25 heavily doped n-type Si can be changed to porous Si (R.
P. Holmstrom and J. Y. Chi, Appl. Phys. Lett., vol. 42,

386 (1983)) and it is thus important to select a



econom cally excellent and | arge-area insulating substrate, and can

formthe conpound sem conductor 20 | ayer with good crystallinity on the
i nsul ating substrate as well restraiggng the differences of

| attice constant and coefficient of thernmal™expansion whi ch were the
above- st at ed probl ens. Further, renoval of the porous Si |ayer

of the 25 present invention can al so be done by sel ective

polishing with using the single-crystal |ayer as a pol i shi ng st opper

because porous giy, LOHEE NGdh CAbalize porous Si formation without -
33 - strength and enornous surface area. The present

invention may cagibREngnedi €Réi @fPbiénce betwadn i pptype candm+bypeke the
porosity of the side surface small and the porosity of the central
part 5 | arge, thesebisBki 8gntbe formed lexpamsdibzmationhhefsthe Si
surface greater and the strength of the central part | ow so as to
facilitate peel sGfgstrate in HF sobuthenpr ethatponoest layerahagydr of a

mat eri al - having a smal |l er coefficient of thermal expansion than 10
that of Sisis fspondehikeestruchuveeini whigh paregyvéth diameteggf gces of
t he bondi ng substrate before splittin

by oxi dation (or possi bl
bef ore bondi ng) ranaérghaprroximatelyefpemallre&oqdl AY G%FH%FF g Eﬁﬁones
e T (0o f£PR 0! 105 S G0 s Wil 0
can be changed in the range of 2.1 to 0.6 g/cm® by
changing the concentration of HF solution in the range
10 of 50 to 20 % or by changing the current density, in
comparison with the density of single-crystal Si 2.33
g/cm®. Namely, the porosity can vary. Although the
density of porous Si is below the half of that of
single-crystal Si as described, it maintains the single
15 crystal property.and it is also possible to epitaxially
grow a single-crystal Si layer on the porous layer.
However, temperatures over 1000 °C cause rearrangement
of internal pores, which will impair the characteristic
of enhanced etching. Therefore, the epitaxial growth
20 of Si layer is preferably low temperature growth
selecfed from the molecular beam epitaxial growth,
plasma enhanced CVD, low pressure CVD, photo assisted
CVD, bias sputter process, liquid phase growth, and so
on. However, high-temperature growth is also possible
25 if a protective film is preliminarily formed over the
pore walls of the porous layer by a method of low-

temperature oxidation or the like.



15 directions in the peripheral region of the bonding waf er,
facilitating occurrence of the wedge effect by _oxi dati on.

The present invention sinultaneously sol ves gge vari ous probl ens

di scussed previously by the above- 20 stat ed enhanced oxi dati on and
vol une expansi on of porous | ayer effected uniformy fromthe

peri phery of waf er . Unhlir et al. discovered porous S
during the research process on electrolytic polishing of 25

sem conductor in 195@&inte @llot dlgor®sstarelcidrmell inside thelpordus 333
(1956)). Porous Si can be forned by anodi zing an Si substrate in HF
sol ution. Unaganiawsr, the density of the porous layer decreas®s -to the

al . studied dissolution of Si in the anodization and reported that

t he anode react ibalHforsiless HF Aplaiiresult, the aunfaae @Nes and that the
reaction was as follows (T. Unagam , J. Electrochem Soc., vol. 127,
476 (1980)). 5 outstandimgly Zdgcregses af qapared giith theeglyme, ne.
SiF2 + 2HF - SiF4 + H2 SiF4 + 2HF - H2Si F6 or

Si + 4HF + R4 - 394 fhyys itg whemigal, etghing rate is remazkably, o -
H2Si F6 enhyr%eed aes ac?gm;?a;!eec{) rweist‘:el{] ttt?e he01l.c‘i'x:l.ann‘_:i‘:j ra}':pteesl eocé r1'9('Jnrf'mal

single-crystal layer.

The mechanical strength of porous Si is considered
to be lower than that of bulk Si, though depending upon

10 the porosity. For example, if the porosity is 50 %,
the mechanical strength can be considered to be the
half of bulk. Namely, when compression, tension or
shear force is exerted on the bonding wafer, the porous
Si layer will be first broken. With increasing the

15 porosity the porous layer can be broken by weaker
force.

It is reported that after ions of helium or
hydrogen are implanted into bulk Si, followed by
annealing, micro-cavities with diameters of several nm

20 to several ten nm are formed in the density of even
101 /cm® in the implant region (for example, A. Van
Veen, C. C. Griffioen, and J. H. Evans, Mat. Res. Soc.
Symp. Proc. 107 (1988, Material Res. Soé. Pittsburgh,
Pennsylvania) p. 449). It is recently researched to

25 utilize the micro-cavities as gettering sites of metal

impurities.

V. Raineri and S. U. Campisano implanted helium



respectively. Further, each of n and X is the nunber. of hol es
necessary for one atomof Si to dissolve, and it is reported that
porous Si is forned when the 15 conditigp of n > 2 or [err] >4 s
satisfied. | Fromthe foregoing, p-type Si including holes can
be changed to porous Si, but n-type Si cannot. The selectivity in
this porous Si formation was verified by Nagano et al. and | mai
(Nagano, Nakajima, Anno, Onaka, 20 and Kajiwara, technical research

report, the Instibhegt @nto bulkobiFhed! beneaied AkORBRIFOIM TR CakAERERt i ON
Engi neers (IEICE), vol. 79, SSD 79-9549 (1979)) and (K Imai,

Sol i d- St at e El edheteiaEter\olthe®4 form@d( 89gtpbpve in the substirate it®
however, another report telling that 25 heavily doped n-type Si can be
changed to poroexpfise( Rhe side shrflcensifr dineacavities emd sWpglectedys.
Lett., vol. 42, 386 (1983)) and it is thus inportant to select a

- 35 - iduks caidattion.cadsr @alriesalyor dhe Savidies Merew t hout
adhering to the difference between p-type and n-type. Porous S
can be forfed bpedeshivalvoexdad %o form aslmiesk.e oxidizedhSiti on. The
porous |ayer has a 5 spangel i ke structure in which pores with dianmeters
rangi ng appr oxi HY&L,  NaHel ] eheY: Fepertadaforaiatinge Pfatthe SOI j hterval s

of about 10 er 11 L0, 10, TN, RIS ana 5. " AHRENET 11 the

Appl. Phys. Lett. 66 (1995) p. 3654). Their method,
however, failed to form the SOI structure over the

10 entire surface of substrate because the thicknesses of
the surface Si layer and buried, oxidized Si layer are
limited to those that can effect the both of formation
of cavities and relaxation of stress introduced due to
‘volume expansion upon oxidation together and because

15 formation of groove is necessary for selective
oxidation. Such formation of cavities has been
reported as a phenomenon occurring with injection of
light element into metal, together with swell and
peeling phenomena of these cavities, in part of

20 researches related to the first wall of fusion reactor.

The second substrate may be selected, for example,

from an Si substrate, an Si substrate with an oxidized
Si film formed thereon, light transparent substrates
such as a quartz substrate (silica glass) or a glass

25 substrate, and metal substrates, but it is not limited
particularly to these.

The thin film formed on the porous Si layer on the



changi ng the concentration of HF solution in the range 10 of 50 to 20 % -
or by changing the current density, in conparison with the density
of single-crystal Si 2.33 g/ cnB. Naggy- the porosity can vary.

Al t hough the density of porous Si is below the half of that of
single-crystal Si as described, it maintains the single 15 crystal
property and it is also possible to epitaxially grow a

single-crystal Si layer on the porous |ayer. However, tenperatures
- over 1000 [ err] Gixals svhsimatiey@ashibe selected,i foxy ﬁaﬂaﬂ';?é-lees Exgmi ch wil |
i mpair the characteristic of enhanced etchlng Therefore, the

epi taxial growt mmetal thig films@nd cashary dbdm Files asnweldt @S Ngfowt h
sel ected fromthe nol ecul ar bean1ep|taX|auu§rom¢h pl asma enhanced

CVD, | ow pr essurROROUS ﬁﬂﬂﬁ%??ﬁﬁﬁ%ﬁ§5151 a VbﬂD°QﬂE%¥Q§butter process,

l'iquid phase growth, a gh- te eratur gromh is
al so possible mlccﬂ‘ﬂ}ftpﬂrcﬁ (ﬁ!ﬁ“/@% ﬁﬁ sorprI& q‘:d over the

pore walls of ”ﬁ[nPQé H'%d BsdY TR e 1@"’“not essenttfi R ©

oxi dation or the

Since a ot of NHESALE {OMTE IR ddF Sver thd QRiizd he densi ty

of the porous | ayer decreases to haltf or less. As a result, the

surface area  gurfids! i Nl xnamsee%,%&sblaamqpmm Wt b ey 5
and thus its chemcal etching raté is renarkab
process.
The bonding wafer of Si has advantages of being

10 oxidized at high temperatures and simultaneously
annealed at high temperatures for reduction of voids.

Embodiments of the present invention will be
explained.
[Embodiment 1]

15 As shown in Fig. 4, a first Si single-crystal
substrate 21 is first prepared and then at least one
non-porous thin film 23 and a porous Si layer 22
immediately undér it are formed over the outermost
surface layer of the principal surface thereof. A

20 procedure for fabricating the non-porous thin film 23
and porous Si layer 22 is either one selected from the
following procedures.

a) forming the porous Si layer 22 by anodization
and forming the non-porous thin film 23;

25 b) implanting ions of at least one element

selected from rare gases, hydrogen, and nitrogen into

the substrate to simultaneously form the porous Si



enhanced as conpared with the etching rates of nornmal si ngl e-crystal
| ayer. The mechani cal strength of porous Si is considered

to be lower.than that of bulk Si, though geggnging upon 10 t he
porosity. For exanple, if the porosity is % t he nechani ca
strength can be considered to be the hal f of bul k. Nanely, when
conpression, tension or shear force is exerted on the bondi ng wafer,
t he porous Si layer will be first broken. Wth increasing the 15

porosity the pojgysyl 8¥eangaghBenBhopsrolly ¢REKEEil1m 23; force.
It is reported that after ions of heliumor hydr ogen are inpl anted

into bulk Si, followsd By additioanteahingfuithee- taplaheinyi tbndi afiet ers
of several nm 20 to several ten nmare fornmed in the density of even

10[err]/cnB in gelearkabhe edementl eaelextsnl €rofh rize gases, hgdmpgén C.
Giffioen, and J. H Evans, Mat. Res. Soc. . Synmp. Proc. 107 (1988,

Materi al Res. Saad Ritirsgenglinto the shBbsitralteatioamage andkthelrt regiovcent |y
researched to 25 utilize the mcro-cavities as gettering sites of netal
impuritiess with a di¥feRentepora®sdts.- U. Canpi sano inplanted hel i um

- 37 - ions into bulk Si and annealed it to formthe cavities.:
Thereafter, they for Fi¢ ROP-POFOUS, thia Fiday 23 ds @rbitrarily

selected from single-crystal Si, polycrystal Si,
amorphous Si, or metal films, compound semiconductor
thin films, superconductive thin films, and so on. Or,

10 even the device structure of MOSFET or the like may be
formed. Further, formation of SiO, as an outermost
layer is breferred from the reason why the interface
state of the bonding interface can be separated away
from the active layer (though SiO, does not always have

15 to be provided). Observation of the implant layer with
a transmission electron microscope confirms that an
infinite number of micro-cavities are formed. There is
no specific limitations on the charge state of implant
ions. The acceleration energy is so set that the

20 projected'range is coincident with a depth desired to
implant. The size and density of micro-cavities formed
vary depending upon an implant amount, but the density
is approximately 1 x 10**/cm® or more, more preferably 1
x 10%/cm?. If the projected range is desired to set

25 deeply, channeling ion implantation may be applied.
After implantation, annealing is carried out as

occasion demands. As shown in Fig. 5, the second



expose the side surface of the cavities and subjected it to
oxidation. As a result, the cavities were 5 sel ectively oxidized to
forma buried, oxidized Si | ayer. Nanmaggy,- t hey reported formati on of
the SO structure thereby (V. Raineri, and S. U. Canpi sano,

Appl . Phys. Lett. 66 (1995) p. 3654). Their nethod, however, failed
to formthe SO structure over the 10 entire surface of substrate
because the thicknesses of the surface Si |ayer and buried, oxidized
Si layer are substratie &# tic measde imhalase amrtaat mithhdihe gurrfaceat i on
of cavities and relaxation of stress introduced due to vol ume

expansi on upon & dée Firvyauhatrate Rl ipam tepperatihieat i ST groove is

necessary for selective oxidatiqn. Such formation of_ cavities has
been. repdri®e ROnSing Mk RS errangss Pxvanedis

i ght elenent into netal, together. with s nomena

|1 and ., peel
of these caviti XLy (O fanngaling é@e%éf?&eﬁ%‘l%'ec?ﬁ & t"?%“r%rf%%ei%l I
of fusion r§actor. The second substrate nmay be sel ected, for
exanpl e, Fq?ﬁﬁ?ﬁ+ Si substrate, an Si substrate with an oxi di zed

Si filmforned there ' ;]gg%gi P
quartz substrate (si ﬁ%aéig%}ses)é a gIeéz.i!it'ss"ﬁg'l'Jg?Ercjg su ds’t rlatt e{ém%%d

substrates, but {4 $SrMUxidiBdfEi by a ReHds WarHnerhl B8flation or
The thin filmfornmed on the porous Si” | ayer on the

- 38 - the like over the surface of single-crystal Si and then

to bond it to the second substrate. The second

10 substrate may be selected from Si, a substrate obtained
by forming an oxidized Si film on an Si substrate,
1ight transparent substrates of quartz or the like,
sapphire, and the like, but it is not limited to these.
The point is that a surface thereof to be bonded is

15 sufficiently flat.

The two substrates may be bonded in the three-
plate laminate structure with an insulating thin plate
inbetween.

A layer of a material having a smaller coefficient

20 of thermal expansion than Si may be formed on at leést
one side of the outer surfaces of the bonding substrate
before splitting by oxidation (or possibly before
bonding). At températures during oxidation Si becomes
easier to expand and stress acts in the wafer peeling

25 directions around the periphery of the bonding wafer,
thereby supplementing the wedge effect by oxidation.

The side surface of the porous Si layer is made to



first substrate may be selected, for exanple, from metal thin filns
and. carbon thin filns as well as non- porous single-crystal Si and

t he conpound sem conductors such as GAs or InP, but it is not 5
limted to these. Further, it is not essential that the thin film of
t hese be forned over the entire surface, and it may be partially
etched by a patterning pr ocess. The bondi ng wafer of S
has advantages of being 10 oxi di zed at high tenperatures and

si mul t aneousl y pe expostEealeithdy ¢hd omaiethods ddretahling itde aforvoi ds.

Enbodi nents of the present invention will be expl ai ned.

[ Enbodi ment 1] pdifous thin AAilh®@@ aftdi gooriding f ietechidg sihdreferg st al
substrate 21 is first prepared and then at | east one non- porous thin
film23 and a poomding amyeprédenting themmonzperqus ekinifily ef:f or ned
over the outernost surface | ayer of the principal surface thereof. A

20 procedur effom babng cEermed tor the-phieusurfnees | Fheonding 5,4
porous Si layer 22 is either one selected fromt

h . fol i
pr ocedur es SUbStrateaésf%¥%¢h§e@HEDp%PBE§°§Hpgﬁ?%? %> %g gﬁ%hgg%?ion

and formng the non-porous thin fi | an

| o5 : : :
at |east one el EREfpce to enE%P%%@e€;%$§F+?ﬁre 5£§e§g;h§gggb%§tﬂ§%%?gf °
ETOGEN INLO o o L2 SUBSLLALE, LG ShEBLABEOYS! ¥nbR! MhkNERBRAOYS S

Fig. 6, volume expansion of side-surface porous Si

causes stress to act so as to peel the porous Si layer

10 and, finally, to divide the substrate in the porous Si
layer 22 (Fig. 7). The second substrate side has the
structure of porous Si 22 + oxidized porous Si 25 /
non-porous thin film (single-crystal Si layer, for
example) 23 / second substrate 24.

15 Further, the porous Si 22 and oxidized porous Si
25 is selectively removed. Oxidized porous Si 25 is
etched with hydrofluoric acid solution. When the non-
porous thin film is of single-crystal Si, only porous
Si 22 is étched by electroless wet chemical etching

20 with at least one etchant selected from ordinary Si
etchants, hydrofluoric acid being an etchant for

_ selective etching of porous Si, a mixture solution
obtained by adding at least one of alcohol (ethyl
alcohol, isopropyl alcohol, etc.) and hydrogen peroxide

25 solution to hydrofluoric acid, buffered hydrofluoric
acid, and a mixture solution obtained by adding at

least one of alcohol and hydrogen peroxide to buffered



-.39 - | ayer 22 and the non-porous thin film 23; c) in
addi.tion to a), further inplanting ions of at | east one el enent

sel ected fromrare gases, hydrogen anganitrogen into the substrate to
make another region 5 wth a different porosity. The
non-porous thin film23 is arbitrarily sel ected from single-crystal
Si, polycrystal Si, anor phous Si, or netal filnms, conpound

sem conduct or thin filnms, superconductive thin filnms, and so on. O,
10 even the déwidrefluordicleeid, MAsrebyodebidni ithen®y line f or med.
Further, formation of SiJerr] as an outernost | ayer is preferred
from t he reason prelimimanitlar ffaemed on thet pogous flayewordi #dristkt er f ace can
be separated away fromthe active layer (though Si Q2 does not al ways
have 15 to iubstratesden thes aependosubst ei-rrp%&n@erté}éledwiabﬁve.

a transm ssion el ectron m croscope confirns that an i nfinite nunber
of micro-caviti &nl oAU di ANy bg selectively efched even, Wity Fhe on

the charge state of, i ions. The ac eration enerq¥ IS so set

that the 20 L?Fq:mwmq?a%ef 58 SROFBRUS FULRER t o
Lot e o e S S M ER OWe 5 223
a0 ST o T B SRURN borsentng ARy, e MEeEt oot o
appl i ed. porous thin film layer 23 as a polishing stopper.
When a compound semiconductor layer is formed on
10 the porous layer, only porbus Si 22 is chemically
etched with an etchant having a faster etch rate of Si
than that of the compound semiconductor, thereby
leaving and, thus forming, the thinned single-crystal
compound semiconductor layer 23 on the second substrate
15 =~ 24. Alterﬁatively, porous Si 22 is removed by |
selective-polishing with using the single-crystal
compound semiconductor layer 23 as a polishing stopper.
Fig. 8 shows a semiconductor substrate obtained by
the present invention. A non-porous thin film, for
20 example, a single-crystal Si thin film 23, is formed,
as thinned flatly and. uniformly, in a large area
throughout the entire region of wafer on the second
substrate 24. If an insulating substrate is used as
the second substrate 24, the semiconductor substrate
25 thus obtained can be suitably used also from the

viewpoint of fabrication of dielectric-isolated

electronic devices.



After inplantation, annealing is carried out as occasi on demands. As

shown in Fig. 5, the second - 40 -
substrate 24 is nmade in close contact with f4he_surface of the first
substrate at roomtenperature. After that, bondi ng may be enhanced by
anodi ¢ bondi ng, pressing, or annealing with necessity, or a
conbination 5 t her eof . If single-crystal Si is deposited, it
is preferred to formoxidized Si by a nethod of thernmal oxidation or

the |ike over the sumhac&idistsiSiglsdnglysictlysbalastbisteate 21 dam bend it to
the second substrate. The second 10 substrate may be selected fromSi, a

substrat e obt ai rethised agdin fasr @ fdrat & diingdeSicrivistalosubstIiateul2dt r at e,

| i ght transparent substrates of quartz or the |ike, sapphire, and the
like, but it isomtad jarinext tsecondssubstrateli?d afiter ithe mesidualr f ace
thereof to be bonded is 15 sufficiently flat. The two
substrates rmay ROIWRIEL iand |axidized porous S deyearadishaemoyed,;@de with
an insulating thin plate i nbet ween. A layer of a
material havi ng i3 IS fags fthereaf is) so Roughthat &hsy fRurfRcshan Si

may be formed on..at, | east .one si de of, the out

f f_th
bondi ng subst r ate-atness thareof 4§ nqy Renpissinhle. %rf‘% %Sﬁ‘se%l{%ﬁiiquf ore

thereof is flattened.
[Embodiment 2]
As shown in Fig. 9 to Fig. 13, the above step
10 described in Embodiment 1 is applied to the both
surfaces of the first substrate with two second
substrates, thereby fabricating two semiconductor
substrates simultaneously.
In Fig. 9 to Fig. 13, reference numeral 31
15 @ designates a first Si single—crystal_substrate; 32,
porous Si layers provided on the both principal
surfaces of the first Si single-crystal substrate 31;
33, non-porous thin films provided on the porous‘Si
layers 32; 34 and 35, second substrates; and 36,
20 oxidized porous Si layers.
The first Si single-crystal substrate 31 can be
reused again as a first Si single-crystal substrate 31
or as a next second substrate 34 (or 35) after residual
porous Si is removed dr, if the surface is so rough
25 that the surface flatness is not permissible, after the
surface is flattened.

The support substrates 34, 35 do not have to be



bondi ng). At tenperatures during oxidation Si becones easier to
expand and stress acts in the wafer peeling 25 directions around the
peri phery of the bondi ng wafer, t her g£py- suppl enenti ng t he wedge

ef fect by oxidation. ‘The side surface of the porous Si |ayer is
made to -41- be exposed by
ei ther one of nethods of etching the non- porous thin film 23 after
bondi ng, etching it before bondi ng, and preventing the non-porous
thin film23 thosérofh théngaheroeddbhione thnatesimiacthigkpesdnding 5
substrate is oxidized to subject porous Si of the side surface to
enhanced oxi dat®€®@:)¢In the draw ng nuner al 25 desi gnates oxi di zed
porous Si.) Then, as shown in Fig. 6, volLune expansi on of

si de- surface porous Ehe non-perguesthinzfilpg 33ion the PotResnrfacesor ous

Si layer 10 and, finallﬁ, to divide the subs rﬁte in thg gorgus Si

layer 22 (Fig. 99 n9kehd®eoha Benef, Lbe §PBE faRAifdons (matefrigly re of
porous Si 22 + géﬁd#zed porgus)Si 25 / non-porous thin film
(single-crgstal rerReEP, PP - exanpl e) 23 / second substrate 24. 15

Further, the po .e22 and oxi di zed porous Si 25 is selectively
r enoved. Ckidizggg%ggggs Si 25 s etched with hydrofluoric acid

sol ution. Wen the N@Ranples ofPheUprkBeAt! ih¥ehtish #ilgl gecrystal Si,
only porous S 22"1s etched by electroless wet chem cal etching
described.

(Example 1)
10 Prepared was a p-type or n-type 6-inch-diameter
| first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0.0l
Q+.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as
15 follows.
Current density: 7 (mA.cm?)
Anodization solution: HF:H,0:C,H,OH = 1:1:1
Time: 11 (min)
Thickness of porous Si: 12 (pm)
20 Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
25 grown in the thickness of 0.15 uym on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth

conditions were as follows.



20 with at |east one etchant selected fromordinary Si et chants,
hydr of | uoric acid being an etchant for sel ective etching of porous
Si, a mxture solution obt ai ned by agging at | east one of al cohol
(-et hyl al cohol, isopropyl alcohol, "ef'c.} and hydrogen peroxide 25
solution to hydrofluoric acid, buffered hydrofluoric acid, and a
m xture sol ution obtained by addi ng at | east one of al cohol and
hydr ogen peroxi de to buffered - 42 -

hydr of | uori c acid, t%%h&@é bgggigggggﬁgﬁgln1 prelimnarily fornmed on
subsirat é,

t he porous |ayer of f1TSst on the second substrate. As

detail ed above, Gal8f ROLAYS : S0 691 898 178is8Ct i vel y etched even with
the 5 ordinary Si etchant because of the enornous surface area of

porous Si. Alternati gy prdsite:Sis02tors renoved by sel ective
polishing with using the non- porous thin filmlayer 23 as a

polishing stopper. Temperaturdtc®s®d canpound sem conductor |ayer is fornmed
on 10 t he porous layer, only porous Si 22 is chemcally et ched
with an et chant havi Brawtfastatre :et!8 nat/misf S than that of the
conpound sem conductor, thereby | eavi ng and, thus formng, the
t hi nned single-cryst@urther,Gﬂhﬁﬁ&hdlgﬁﬁrcégdégpopmlH?éerSmG PNEYsecond
substrate 15 24. Alternatively, porous Si 22 is renove q%n 1
sel ective pol i stthgy) sunfaesiof) this anigraxial figlayer by therma
oxidation.
The surface of this Si0O, layer was laid on and made
10 into contact with a surface of an Si substrate (second
substrate) with an Si0O, layer of 500 nm formed
thereover, separately prepared. After contact of the
surfaces, the SiO, layer of 100nm and the epitaxial Si
layer were remored by etching on the side surface of
15 the bonding wafer,.which exposed the edge of porous Si.
The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in tﬁe porous Si layer
into two substrates after one hour. The separated
surfaces were observed, showing that the central
20 portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO,.
After that, the porous Si and oxidized porous_éi
layer remaining on the second substrate side was
25 subjected to selective etching with agitation in a

mixture solution of 49 $ hydrofluoric acid and 30 %

hydrogen peroxide solution. Single-crystal Si remained



.conpound sem conductor |ayer 23 as a polishing stopper. Fig. 8

shows a sem conductor substrate obtained t%% the present invention.
non-porous thin film for 20 exanpl €, st ngl e-

is fornmed,

t hroughout the entire region of wafer on the second

as thinned flatly and uniformy, in a large area

an insulating substrate is used as the second substrate 24, th

sen conduct or

substrate 24.

e

A

crystal Si thin film 23,

| f

he i THREE Fet A8, Fea e P R Ml ayetar s alan Trom

el ectronic devéc&

The first S

single-crysta

terial of etch stop the porous Si and ogidBzed

ubstrate 21 can be reused again as a

first Sisi ng!ﬁaf?ﬁétéi Supet a8 Sdlectively @tcledeyd BECHafovedstrate 24

after the residua

and, 5 I f t6Rpdetépge thereof is so rough that the surface
flatness thereof 1s not permssible, after the surface t her eof

flatteneds

[ Eyhedetent rate of non-pordsssébweingl&i grystad Byg. 13,

the above step 10 described in Enbodinment 1 is applied to the both
surfaces of thehéi esthanbstwaat extirehelywlowcand the selegbivitiveef t hereby
fabricating two sem conduct or substrates simultaneously.

10

15

20

25

the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in £film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorablé (about several ten
angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.1 pm on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,
and uniformity of film thickness was 101 nm + 3 nm.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with an
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.

Observation of cross section with a transmission
electron ﬁicroscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

The present example showed an example in which the

S

porous Si and oxi di zed porous Si |ayer is renoved



In Fig. 9 to Fig. 13, reference nuneral 31 15 designates a first S
singl e-crystal substrate; 32, porous Si | ayers provided on the both
pri nci pal surfaces of the first Si_ g-ngle-crystal substrate 31;

33, non-porous thin filns provided on the porous Si | ayers 32; 34
and 35, second substrates; and 36, 20 oxi di zed porous Si |ayers.

The first Si single-crystal substrate 31 can be reused again as a
first Si single-crystal substrate 31 ' or as a next second substrate

34 (or 35) afteixi®sifiAh was fornmEd QU the | Sur ity &¥ othe idpitaxial face is
so rough 25 that the surface flatness is not perm ssible, after the

surface is flatgenedher and in whidhetlseipaide SEiin edesaldrb Rormksd nidi have

to be - 44 - t hose of the
sanme conditi onstfeeswrfate d¢fithemesscond substrate (i.e., the Gihide

non- porous thin-filnms 33 on the both surfaces do not have to be of
the sanme condi tfblm yastEermed i the thptikreubstratesg), but the(/ganes
Exanpl es of the present invention will be descri bed. gkanple

1) 10 5 resphFsdvere attrined iR thy%%S@imﬁr%li%ﬁE%rOXié
film was provided in either one substrate and wherein
the oxide film was not provided in either substrate.
However, as discussed previously, formation of the
oxide film over the outermost layer of the epitaxial Si

10 layer is preferable from the point that the interface
state of the bonding interface is able to be separated
away from the active layer.

In fact, it was also the case in the subsequent
embodiments that the same results were attained in any

15 cases wherein the oxide film was formed in the both.
substrates, wherein the oxide film was formed in either
one of the substrates, and wherein the oxide film was
not formed in either substrate. Then, it is also the
case that formation of the oxide film over the

20 outermost layer of non-porous thin film (epitaxial Si
layer) is preferable from the point that the interface
state of the bonding interface can be separated away
from the active layer.

(Example 2)

25 Prepared was a p-type or n-type 6-inch-diameter

first (100) single-crystal Si substrate having the

thickness of 625 pm and the specific resistance of 10



first (100) single-crystal Si substrate having the t hi ckness of 625

pm-and the specific resistance of 0.01 [err].cm and it was

subj ected to anodi zation in HF - solu#Bor. The conditions for the
anodi zation were as 15 fol |l ows. Current density: 7
(m.cnferr]) Anodi zation solution: HF: H20: C2HOH = 1:1:1

Time: 11 (mn) Thi ckness of porous Si: 12 (pnm) 20

Porosity: 15 (% This substrate was oxidized at 400 Lerr]C in
an oxygen Q- canpiaartk anoSifhelaver . oFniQ0 P MRS FOEERd cQver the

thermally oxidized filmto cover the inte l1s o pores of

porous Si. Si nGuEfacestthersofky @&etrg@llahg:glda\gon. g}[@f\ﬁﬁolgﬁ‘“t HE&"hi ckness
o 0,15 P o0 BOrous 0 Bk o o, 22l L5 . BRShclBRze! o1
o Pion s mrecs VS S p SRR U cage ot s0 4 LW TS
oot o oo BT B oA U U comtng. o gl Mimcitad CLer
layer by thermgiy tne depth of near 0.5 pm below the surface by
hydrogen bubbles.
The surface of this Si0, layer was laid on and made
into contact with a surface of an Si substrate (second
10 substrate) with an Si0, layer of 500 nm formed
theredver, separately prepared. After contact of the
surfaces, the SiO, layer of 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
the bonding wafer, which exposed the edge of porous Si.
15 The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer
into two substrates after one hour. The separated
surfaces were observed, showing that the central
portion was found to remain almost in its original
20 state while porous Si of the wafer side surface was
changed to Si0,.
After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the
25 mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained

without being etched, and with the single-crystal Si as



oxi dati on. The surface of this SiJerr] layer was |laid on and
made 10 into contact with a surface of an Si substrate (second

- substrate) with an Sierr] layer of 500 nonygéorned t her eover,
separately prepared. After contact of the surfaces, the Siderr]

| ayer of | 00nm and the epitaxial Si | ayer were renored by etching on
the side surface of 15 t he bondi ng wafer, which exposed the edge of
porous Si. The bondi ng waf er was pyro-oxidized at 1000 [err]C,
and it was divi deslaperialt by etchhstpprthe forbugesSi and oxidizedwo
substrates after one hour. The separated surfaces were observed,
showi ng t hat thporensr &i lager wpsrsebacméyeiwuﬁﬁcbgdr§ﬁabﬁ geme¥edin its
ori gi nal state while porous Si of the wafer side surface was
changed to Si J epmpletely. After that, the porous Si and oxidized
porous Si | ayer remai ning on the second substrate side wa

subj ected to sel ecti Fheepdrbngaket REagPRIPPERYS S sing e ﬁFYFEPi ?XIutlon

of 49 % hydrofluoric acid and 30 % %pro en, pero % sol utian.
Single-cryStal &her gtghRpF was extremely lo ivity ¢

e o i Al B e i, e o, I 2,
etched to be re@&y%%re. THEQ%E%&%S'%:decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
10 angstrbms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.5 ym on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,

15 and uniformity of film thickness was within *3 %.

Further, it was annealed at 1100 ;C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately

20 0.2 nm, which was equivalent to those of Si wafers
commercially available.

Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and

25 that good crystallinity was maintained.
(Example 3)

Prepared was a p-type or n-type 6-inch-diameter



5. The etch rate of non-porous Si single crystal by t he
etchant was extrenely |ow and the selectivity of the etch rate of the
porous | ayer thereto was even 10[err] - %0 «wore. Therefore, a decrease
in filmthickness of t he non-porous | ayer was so small that the etch
anount 10 t hereof was practically ignorable (about several ten
angstrons) . Nanmely, the single-crystal Si |ayer was fornmed in
the thickness of 0.1 pmon the Si oxide film Film t hi cknesses of
the single-cryst&irst (408) shngleoergatalsSi substreteuhrewiag e points
across the entire_ surface, and uniformty of filmthickness was 101
nm 3 nm thi CknFﬁFtﬁ§r525tPMB§n§nﬁ§%I%Be%%f{qoﬁefb$FTQF?noﬁyﬁf%ben
for one hour. Surface roaghness was vaIu ed w 8% tomc force

mi croscope and tReRooffedh gﬁﬁa?%b F%u%%ﬂ gap%o? +%g§5n ﬁo pmf
whi t to t Si
waars oS PPPLORRIBESRN: | Toe panfitibnd kSR RS ESaYPuEon' BedriE " ©

section mﬁt? a tkgﬁigh§5|on el ectron mcroscope resulted in
confirmng that no new 25 crystal defects were introduced into the S

e shons USSR SRS, (gREcqynt ol nec
- 47 - oxi deAﬁbbﬂh%%ﬁoéBEQtiBnEhﬁF?H{d:@zﬁséﬁ 1 he, epi t axi al
Time: 11 (min)
| Thickness of porous Si: 12 (um)
10 Porosity: 15 (%)
This substrate was oxidized at 400 °C iﬂ an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially.
15 grown in the thickness of 0.15 pm on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
conditions ﬁere as follows. '
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 l1l/min
20 Gas pressure: 80 Torr
Temperature: 950 °C
Growth rate: 0.3 pum/min
Further, an $i0, layer of 100 nm was formed over
the surface of this epitaxial Si layer by thermal
25 oxidation.

Then hydrogen ions were implanted in 1 x 10%%/cm?

into the principal surface with the acceleration



Si. layer and in which the oxide filmwas also fornmed in t he surface
of t-he second substrate (i.e., the oxide filmwas fornmed in the both
substrates), but the sane 5 result’s wer g attained in the cases wherein
t he oxi de filmwas provided in ei t her Jhe substrate and wherein

the oxide filmwas not provided in either substrate. However, as

di scussed previously, formation of the oxide filmover the outernpst
| ayer of the epitaxial Si 10 | ayer is preferable fromthe point that

the interface voltaqugfargbiﬂgylyﬁﬂiﬂgaj nterface is able to be separated
away fromthe active ayer In fact, it was also the case in

the subsequent THITRAE FRIY o RHid *ﬁ@aﬂlﬁyéﬁswhbs 1&@&90?1'[ baanAdakn
any 15 cases wherein the oxide filmwas forimed in the bot

substrates, whergito idontadiariigtH @ WAfr faiadRsF idh &4 hsiibstrate (@Weoord t he
substrates, and wherein the oxide filmwas not forned in either

substrate. Then,subistratd soitte an Si0, tagert b&t 500r nat formetl t he oxi de
filmover the 20 outernost | ayer of non-porous thin film(epitaxial S
| ayer) is [fef erthgredvern tsepanstaly iprepdred nt Afler contact afatthef the
bonding interface can be separated_away fromthe active |ayer.
(Exanple 2) 25 Surfaces:Pr*é‘p%r%&w&?Y&rpﬂsfyé@OOMnaDFp@lG- epdiragiadeSdr
first (100) si ngJIfe crystal Si subst rateetgr?:ilrlx ngon htGhe side st‘mfcggeesgf of 625
pm and the speci¥3¥ey HEL8 FRWORI Ry g

- 48 - the bonding wafer, which exposed the edge of porous Si.

-The bonding wafer was pyro-oxidized at 1000 °C,

10 and it was divided perfecfly into two substrates at a
position corresponding to the projected range of
hydrogen ion implantation in the porous Si layer after
one hour. The separated surfaces were observed,
showing that the central portion was found to remain

15 almost in its original state while porous Si of the
wafer side surface was changed to SiO,.

After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the

20 mixture solution of 49 % hydrofluoric acid and 30 %

. hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed

25 completely.

The etch rate of non-porous Si single crystal by

the etchant was extremely low and the selectivity of



[err].cm and an Si Q2 | ayer of 100 nmwas fornmed over the surface

t hereof by thermal oxidation. Hydrogen ions were inplanted in 1 x
1017/ cn2 into the principal surface-wb2h-t he accel erati on vol t age of
50 keV 5 applied. This resulted in form ng a porous structure in
the depth of near 0.5 pm bel ow the surface by hydr ogen bubbl es.

The surface of this Sigerr] |ayer was |laid on and made I nto contact
with a surface of an 'Si substrate (second 10 substrate% with ap_ .
Siderr] layer thesetchnrasenef the porpusriaver, thepgFqt ¥R§ ﬁV%Ba?gd.

After contact of the surfaces, the Si Q2 | ayer of ﬁOO nm and_t he

epi taxi al Si or morgyer TherefpzRey@8J9BFrEReRi il %ﬁthE iPKBeEH, Pice of

t he bondi ng waf er, which exposed the edge of ' 1 h
bondi ng ma?er ey PeR-BOrPUSe aXFrlUB§QF8rfT%?EO%ﬁa%ItgﬁdgFFhmg§°3P§iged
erfectly in th or o Si_ layer . N a e h )

ghe sepaya{ed %h%reogﬁﬁpgbgg%ﬁgﬁgagégé%@gégaéggm;%ggPﬁa%s?ﬁgggegfﬁgf o

portion was fou in alnmost inits original 20 state while
porous Si §f thggﬁggg%ﬁgﬁde surface was changed to SiJeérr].

After that, the porowgya}ggh@s‘iin@%-w@%ﬁbi layer waXeForaea Anng on

the second substrate subj ected to selective etching with
agi tation in thenh25%hickiedd!IcE DRIV ipn0Brofned s¥ loxdides Ifdam.c @dileh and 30 %

hydrogen peroxide solution. Single-crystal Si remained wi t hout bei ng
etched, and W t eHitkrdddH L oF WHelsitglas-crystal Si layer thus formed
were measured at 100 points across the entiré surface,
10 and uniformity of film thickness was 101 nm * 3 nm.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately

15 0.2 nm, which was equivalent to those of Si wafers
commercially available.

Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and

20 that good crystallinity was maintained.
(Example 4)

Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 um and the specific resistance of 0.0l

25 Qe-cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as

follows.



-. 49 - a material of etch stop the porous Si and oxidi zed
porous Si | ayer was selectively etched to be renoved conpl etely.
The etch rate of non-porous Si single crystgd by 5 t he etchant was
extrenely low and the selectivity of the etch rate of the porous
| ayer thereto was even 10[err] or nore. Therefore, a decrease in film
t hi ckness of t he non-porous | ayer was so snall that the etch anount
t hereof was practically ignorable (about several ten 10 angstrons).
Nanmel y, the single- gwStenit AedsingF: B nizpraned) i n t he thickness of
0.5 pmon the Si oxide film Film t hi cknesses of the single-crystal
Si layer thus fornmedinodizatii esolasiored HE: H00Codiolt = derlads the entire

- surface, 15 and uniformty of filmthickness was within 3 %
Further, it was annebimesl: &8 (i) [err] C i n hydrogen for one hour.
Surface roughness was evaluated with the atom c force mcroscope and
the root mean squar eThickness cofjipreeus rSh: r2giWh) 50 pm square was
approximately 20 0.2 nm which was equivalent to those of Si wafers
comerci alfy avai | abPerosity: 15 (%) tpservation of cross section with the

transm ssion el ectron microscope resulted in confirmng that no new
crystal def ect sSFWEER®Fnt roduced into the Si layer and

Current density: 30 (mA-cm?)
Anodization solution: HF:H,0:C,H,OH = 1:1:1
Time: 3 (min)
10 Thickness of porous Si: 10 (um)
Porosity: 45 (%)
Further,
Current density: 7 (mA.cm™?)
Anodization solution: HF:H,0:C,HOH = 1:1:1
15 Time: 3 (min)
Thickness of porous Si: 3 (um)
Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
20 thermally oxidized f£ilm to cover the internal walls of
pores of porous Si. Singie-cfystal Si was epitaxially
grown in the thickness of 0.15 pm on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.
25 Source gas: SiH,Cl,/H,

Gas flow rate: 0.5/180 1/min



25 that good crystallinity was naintai ned. (Exampl e 3)
Prepared was a p-type or n-type 6-inch-di aneter

- 50- first (100) single-crystal §g substrate having the

thi ckness of 625 pm and the specific resistance of 0.01 [err].cm
and it was subjected to anodization in HF solution. The conditions
for the anodi zation were as 5 fol | ows. Current density: 7
(m.cnferr]) Anodi zation solution: HF-Herr]O CH err] OH
1:1:1 TiGas presgure); 80 Torr Thi ckness of porous Si: 12
(pm 10 Porosity: 15 (% This substrate was oxi di zed
at 400 [err]C in anTenpgaature: 958niCent for one hour. This oxidation
caused a thermal |y oxidized filmto cover the internal walls of

pores of porous Si. Giowfihe xatest Q- 3sumfFdrepitaxially 15 grown in the
t hi ckness of 0.15 pm on_porous Si, by_the CNI)&Chenical Vapor
Deposi tion) process Furided-ofh S10;” layepaf ; 18Qsnfevas aforged jquer

urce 928 oS 1B AtBrace or tnis siaAY B GadeS b Lkl 20
oxidation.

The surface of this Si0, layer was laid on and made
into contact with a surface of an Si substrate (second
substrate) with an SiO, layer of 500 nm formed

10 thereover, separately prepared. After contact of the
surfaces, the Si0O, layer of 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
the bonding wafer, which exposed the edge of porous Si.

The bonding wafer was pyro-oxidized at 1000 °C,

15 and it was divided perfectly in the porous Si layer
into two substrates after one hour. The portion with

- the higher porosity was structurally fragile, so that
division started from that fragile portion. The
separated surfaces were observed, showing that the

20 central portion was found to remain almost in its
original state while porous Si of the wafer side
surface was changed to SiO,.

After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was

25 subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 %

hydrogen peroxide solution. Single-crystal Si remained



Gowmh rate: 0.3 pnmimn Further, an SiJerr] layer of 100 nm
was. f ormed over the surface of this epitaxial Si |ayer by thernal
25 oxi dat i on. Then hydrogen §9ns were inplanted in 1 X
10[err]/cnt into the principal surface with the accel eration

- 51 - vol tage of 180 keV appli ed. The surface of this
SiQ2 layer was laid on and nade into contact with a surface of an S
substrate (second substrate) with an SiQ2 layer of 500 nmfornmed 5
t hereover, sepawstRbytpbepagestchéd candonithtthé sihegle-crystalaSisast he
Si 2 Iayer of 100 nm and the epitaxial Si | ayer were renoved by
etching on the aideteuiakcefoeétch stophtheopdrayswaieandvpxri@izgdosed t he
edge of porous Si. The bondi ng waf er pyr o- oxi di zed at 1000
[err]C, 10 podous ﬁésldyerdwdspéﬂ-é@tgyelm gtpneds¥9sbeare§039da
position correspondlng to the projected range of hydr ogen ion

i npl ant ati on i ncopplpdedls Si Iayer after one hour. The separated
surf aces mere observed, that the central ortlogpfaﬁ f ound

to remain 515 al n88e Pﬁcht§aGF|8fn PRsPQFOUFH Pl SEBOLRS CEYS

waf er side surfag@lmas chan%ed to

h h
porous Si and off§ SXGhEBE, ?sSFXtreCLiYIg?grapgnﬁPﬁl Slgﬁge égggggné ©
substrate side

t e etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount

10 thereof was practically ignorable (about several ten
angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.1 pym on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed

15 were measured at 100 points across the entire surface,
and uniformity of film thickness was 101 nm * 3 nm.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square

20 roughness in a region 50 pym square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.

Observation of cross section with the transmission
electron microscope resulted inlconfirming that no new

25 crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

(Example 5)



subj ected to selective etching with agitation in the 20 m xture
sol-ution of 49 % hydrofluoric acid and 30 % hydr ogen per oxi de
solution. Single-crystal Si renained _ 54wjhout bei ng etched, and with
the single-crystal Si as a material of etch stop-the porous Si and
oxi di zed porous Si |ayer was selectively etched to be renoved 25
conpl etely. The etch rate of non-porous Si single crystal by
the etchant was extrenely |low and the selectivity of

- 52 - the pighared cvdl d Ie- BRSO USr | ByEypd e+ Bich véSanyesr 10[ err]
or nore. Therefore, a decrease in filmthickness of t he non- porous

| ayer was so snaitrsthelo0 hestigle-aviystal Si subhetesmte Vissvingictheal |y

i gnor abl e (about several ten 5 angstrons). Nanely, the
singl e-crystal Shitkpesswaf 625 neul and the spérific ckeststanc®d . df gha®h t he
Si oxide film Film t hi cknesses of the single-crystal Si |ayer thus
f or med ek ece adnd eift awas (sulpineked a9 errodigatien rn HF f ace, 10
and uniformty of filmthickness was 101 nm 3 nm ) , Further, it
was anneal d atsalwbieryr|The copdibieps for the apnedizapipn were 2%
roughness was evaluated with the atom c force m croscope and the
root nmean squar€llows. [ gughness in a region 50 pm square was

approximately 15 cgrgeﬂgldéﬁé£€y¥@§ ﬁﬂﬂlgﬁh?nt to those of Si wafers

Anodization solution: HF:H,0:C,H,OH = 1:1:1
Time: 11 (min)
10 Thickness of porous Si:_12 (pm)
Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
15 pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of (0.15 um on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
‘conditions were as follows.
Source gas: SiH,Cl,/H,
20 Gas flow rate: 0.5/180 l1l/min
Gas pressure: 80 Torr
Temperature: 950 °C
Growth rate: 0.3 pm/min
Further, an Si0O, layer of 100 nm was formed over
25 the surface of this epitaxial Si layer by thermal
oxidation.

The surface of this SiQ, layer was laid on and made



comerci al ly avail abl e. Qobservation of cross section with the

transm ssion el ectron mcroscope resulted in confirmng that no new
crystal defects were introduced into the_S% | ayer and 20 t hat good
crystallinity was mai ntained. (Exanp?e 4) Prepared was a
p-type or n-type 6-inch-di aneter first (100) single-crystal S
substrate having the t hi ckness of 625 pm and the specific resistance
of 0.01 25 [err].cm and it was subjected to anodization in HF
solution. The daBdi tbABactowitheaasadraaki 88 ¥R’ €iaSubstratefl PkbBYAA

- 53 - Current density: 7 (mA.cnferr]) Anodi zati on
sol ution: HF: H3GbE2K&EH)=with: 4n SiO0, layer BfTE50E rinri frmed

Thi ckness of porous Si: 3 (pnm) 5 Porosity: 15 (% Furt her
Current densityheBoyen, cseparately prepared. AnAfiteat contaoktubfothe

HF: H20: C2H50H = 1:1:1 Time: 3 (mn) 10 Thi ckness of

porous Si: 10 gpmfaces, the SiOpckaper \of 480G Wm and the-gpitaxial Si
5 layer were removed by etching on the side surface of
the bonding wafer, which exposed the edge of porous Si.
The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer
into two substrates after one hour. The separated
10 surfaces were observed, showing that the central
portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO,.
After that, the porous Si and oxidized porous Si
15 layer remaining on the second substrate side was
subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single—crystal Si as
20 a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely.
The etch rate of non-porous Si single crystal by
the etchant was extremely low and the selectivity of
25 the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of

the non-porous layer was so small that the etch amount



Current density: 7 (mA.cnferr]) Anodi zati on sol ution:

HF: H20: C2H err]OH = 1:1:1 15 Time: 3 (mn) Thi ckness
of porous Si: 3 (pm Porosity. d¢ (9 Thi s
substrate was oxidized at 400 [err]C in an oxygen anbi ent for one
hour. This oxidation caused a 20 thermally oxidized filmto cover the
I nternal walls of pores of porous Si. Single-crystal Si was
epitaxially grown in the thickness of 0.15 pmon porous Si by the
CVD (Chem cal VoperedEpwas tpdotidalby sigridwalflewdbout sevenmallliterons were
as follows. 25 Source gas: Si H2A 2/ H2 Gas flow rate:
0.5/180 1/m n angstroms). - b4 -

Gas pressure: 80 Torr Tenperature: 950 [err]C

Gowh rate: 0.3 pnmNamely, the singlferciystahrSti pyenywas ofommed niR was
formed over 5 the surface of this epitaxial Si |ayer by thermal

oxi dat i on. the thichnessef a@el oamton sthy Cfibr?’fl‘i’%y%*l%s lf'la]r‘ﬂl on and
made into contact with a surface of an Si substrate (sec

subst r at e) 5wi t hthicknepsesyef the spinghererygtel 191 layen BN, OQ@%%rately

prepar ed. Afte&eggnhgg;ugédtgt 100 points across the entire surface,

and uniformity of film thickness was 101 nm * 3 nm.
Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
10 atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.
Observation of cross section with the transmission
15 electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.
At the same time, the porous Si and oxidized
poroﬁs Si layer left on the first substrate side was
20 also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-
crystal Si was left without being etched, and with the
single-crystal Si as a material of etch stop the porous
25 Si and oxidized porous Si layer was selectively etched
to be removed completely. Thus, the first substrate of

single-crystal Si was able to be put again into the



surfaces, the SiJerr] layer of 100 nmand the epitaxial Si | ayer
were renoved by etching on the side surface of t he bondi ng wafer,

whi ch exposed the edge of porous Si. 9 The bondi ng waf er was
pyro-oxidi zed at 1000 [err]C, 15 and'i? was divided perfectly in the
porous Si |ayer into two substrates after one hour. The portion with
the higher porosity was structurally fragile, so that di vi si on
started fromthat fragile portion. The separated surfaces were

observed, show,pgohBatalBe fggmi cgippal portion was found to remain
alnmost inits original stafe while porous Si of the wafer side

surface was chagpgamplie &)O2. After that, the porous Si and
oxi di zed porous Si | ayer remai ning on the second substrate side was

25 subj ected to pekpairedewaiChi pgtvpehofdnt-tipen6-inthediameteri xt ure
solution of 49 % hydrofluoric acid and 30 % hydr ogen peroxi de

sol ution. Singlfdarery€180)Ssingle~oergstal Si substrate having the -
55 - wi t hout being etched, and with the single-crystal Si as

a materi ab of dhdcksess oifc 625r pms agd The @pi%tﬁié@ resistpoceuofS0O.0dyer
was sel ectively etched to be renoved npl etely. 5 The etch
rate of non- pofo@n,Sandi A &asr pabieaied t° anpﬁézéﬁéﬁanﬁnNﬁE extrenely | ow

and the sel ectivity of the etch rate of the paqrous |ayer thereto was
even 10[err] sSolution. The conditions for the anodization were as -

follows.
Current density: 7 (mA.cm™3)
10 Anodization solution: HF:H,0:C,H,OH = 1:1:1
Time: 11 (min)
Thickness of porous Si: 12 (um)
Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
15 ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of 0.15 pm on porous Si by the
CVvD (Chemical Vapor Deposition) process. The growth
20 conditions were as follows.-
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 l/min
Gas pressure: 80 Torrx
Temperature: 950 °C
25 Growth rate: 0.3 um/min
Further, an Si0, layer of 100 nm was formed over

the surface of this epitaxial Si layer by thermal



or. nore. Therefore, a decrease in filmthickness of t he non- porous

| ayer was so snmall that the etch anmbunt 10 t hereof was practically

i gnor abl e (about several ten angstro o Nanely, the
single-crystal Si layer was formed in the thickness of 0.1 pmon the
Si oxide film Film t hi cknesses of the single-crystal Si |ayer thus
formed 15 were nmeasured at 100 points across the entire surface,

and uniformty of filmthickness was 101 nm 3 nm Further, it
was anneal ed at +£84] C in hydrogen for one hour. Surface
roughness was evaluated with the atom c force mcroscope and the

root mean square 20 gydfSyerINRsts ivere rrgp e & pim slguarkd*fisn® in a
approxi mately _ 6?2 nm which was equivalent to those of Si wafers
commerci al |y avaiégib®.of the principiheswofics edcepostonsdtheon with the

transm ssion el ectron mcroscope resulted in confirmng that no new
25 crystal depecipherar 10tmmdufadafer ovithe the |ageelegation voliage
good crystallinity was naintai ned. . (Exanpl e 5)

- 56 - 5 of 150 keYaapplind. a Thigptmplantatifen «of RyATrepRtins

first (100) single-crystal Si substrate having the , t hj ckness of 625
pm and the speci ¢as reslizenzelew popasity for[EP?]P%ﬁ+P%ﬁﬁgitP9£EF°n

subj ected to anodi zation in HF .
and a high porosity for the central portion, whereby in

the oxidation process the volume expansion of the
peripheral portion becomes greater. Therefore, the

10 central portion becomes weaker in strength and is thus
easy to peel.

The surface of this Si0O, layer was laid on and made
into contact with a surface of an Si substrate (second
substrate) with an SiO0, layer-of 500 nm formed

15 thereover, separately prepared. After contact of the
surfaces, the Sid2 layer of 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
the bonding wafer, which exposed the edge of porous Si.

The bonding wafer was pyro-oxidized at 1000 °C,

20 and it was divided perfectly ipto two substrates at a
position corresponding to the projected range of
hydrogen iﬁn implantation in the porous Si layer after
0.7 hour. The separated surfaces were observed,
showing that the central portion was found to remain

25 almost in its original state while porous Si of the
wafer side surface was changed to SiO,.

After that, the porous Si and oxidized porous Si



5. solution. The conditions for the anodi zati on were as ' fol | ows.
Current density: 7 (mA cnferr]) Anodi zati on sol ution:

HF: H20: C2H50H = 1:1:1 Time: 11 ggin) 10 Thi ckness of
porous Si: 12 (pm Porosity: 15 ?L@ This substrate
was oxidized at 400 [err]C in an oxygen anbi ent for one hour. This
oxi dati on caused a - thermally oxidized filmto cover the internal

wal I's of 15 pores of porous Si. Single-crystal Si was epitaxially

grown in the thigkBessebifihg B eRePgbeBAdSEuBYtiAte side wh¥D (Chemi cal
Vapor Deposition) process. The growth conditions were as follows.

Source gas: Si HgGbjebBRed2@o selectifr@setthingatrtthOagit8@idhniin the
Gas pressure: 80 Torr Tenperature: 950 [err]C
Gowth rate: 0. aigmirensolution of 4Buft hgdrofiuSrifeacidl andr 30f $100 nm
was fornmed over 25 the surface of this epitaxial Si |ayer by thernal
oxi dati on. hydrogenTperosifiec sodutipns SSdhglercragéalunid remaioedand
made - 57 - i nto_cont act
with a surPace ¥itheudi bedpg: erchbedse@pddwith the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely.

The etch rate of non-porous Si single crystal by

10 the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was-even 10°
or more. Therefore, a decrease in film thickness of

" the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten

15 angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.1 pm on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surxface,

20 and uniformity of film thickness was 101 nm * 3 nm.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 um square was approximately

25 0.2 nm, which was equivalent to those of Si wafers

commercially available.

Observation of cross section with the transmission



substrate) with an Si2 |ayer of 500 nm for ned t hereover, separately
prepared. After contact of the surfaces, the Sigerr] layer of 100 nm
and the epitaxial Si 5 | ayer were renov by etching on the side
surface of t he bondi ng wafer, which exposed the edge of porous Si.
The bondi ng wafer was pyro-oxidized at 1000 [err]C, and it was
divided perfectly in the porous Si |ayer into two substrates after
one hour. The separated 10 surfaces were observed, show ng that the

central PELédLFon AR drBEEbE® Féutll tod| IPHonfi iifngEHH®Ho new
state while porous Si of the wafer side surface was changed to

Siqerr]. crystaPN défedtRiverd cipersiiscdd Db el FR A BAEOWENSI 15
| ayer remai ning on the second substrate side was subj ected to

sel ective et chi nghattdoodi dogstdallinitie was maimtadined®. sol uti on of 49 %
hydrofluoric acid and 30 % hydr ogen peroxi de sol ution.

Si ngl e-crystal SExamplecd) wi t hout being etched, and with the
single-crystal Si as 20 a material of etch stop the porous Si and

oxidized 5 por ouBreparef arasd Rrty¥Re | 9R|§- RS & inchrdiangier
conpl etel y. The etch rate of non-porous Si single crystal by
the etchant was EXFFENEIQ0) wingterererstrbti Fuhstratedhavingethg ch rate
O oL lte PoT US| o] Lt 0 185 e L epcte oA P Eindl S IIGY
the etch‘anDunt Q.cm, and it was subjected to anodizatids in HF
solution. The conditions for the anodization were as
10 follows.
Current density: 7 (mA.cm™?)
Anodization solution: HF:H,0:C,H,OH = 1:1:1
Time: 11 (min)
Thickness of porous Si: 12 (um)
15 Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover thé internal walls of
pores of porous Si. Single-~crystal Si was epitaxially
20 grown in the thickness of 0.15 uym on porous Si by the
.CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
25 Gas pressure: 80 Torr

Temperature: 950 °C

Growth rate: 0.3 pm/min



t hereof was practically ignorable (about several ten angstrons).
Nanmely, the single-crystal Si |ayer was fornmed in the thickness of
0.1 pmon the Si oxide film Film 5 tthégesses of the single-crystal S
| ayer thus forned were neasured at 100 points across the entire
surface, and uniformty of filmthickness was 101 nm 3 nm

Further, it was annealed at 1100 [err]C in hydrogen for one hour.
Surface roughness was evaluated with the 10 atom c force mcroscope and
the root mean squar eFurther, aHgBaosSlayer £JL00 rah) Wae SEOEHEd \Eer
approxi mately 0.2 nm which was equivalent to those of Si wafers
commerci al |l y avzheabueface of this ephtaxiali Sk dbyeroby fhetrmad with the
transm ssion 15 el ectron mcroscope resulted in confirmng that no new

crystal defectsowmddatipnroduced into the Si layer and - t hat good
crystallinity was nmaintai ned. At the sane tinme, the porous Si
and oxi di zed Ebﬁo§§rSﬁCBa9érthéﬁtSéﬁzth%Y¢#r%@SS%Q%@r@meagﬁd@a@ﬁs
20 al so_subj ected thereafter to selective etching w agi tation

in the nixPure dHMGt FORTECT4YLidhn RdBYEIE Gﬁﬁlef an s1° §8P§t§ﬁG e3d s ogen
d | ut r, st tho bei ng et ched,
gﬁéoa;tﬁ fﬁeu |onb %§Pﬁﬁﬁ WEF?SF&igég eﬁn? r? é Eﬂu topltge porous
25 Si and oxi |zed orous Si |.ayer was select&¥§&y€% %
removed conpl et L CRPFASYs PFSPPARS / of f mﬁﬁftﬁﬁﬁﬁﬁﬁ S

was able to be R:lét a%g%'xgrde'ﬁt %1ar§ﬁla. After contact of the surfaces,

the SiO, layer of 100 nm and the epitaxial Si layer were

10 removed by etching on the side surface of the bonding
wafer, which exposed the edge of porous Si. The oxygen
plasma process can enhance the bonding strength, and if
they are further heated at 300 °C for about one hour
after exposed to the oxygen plasma, superimposed on

15 each other, and contacted with each other, the bonding
strength becomes much higher.

The bonding wafer was pyro-oxidized at 1100 °C,
and it was divided perfectly in the porous Si layer
into two substrates after 0.7 hour. The separated

20 ' surfaces were observed, showing that the central
portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to Sio,.

After that, the porous Si and oxidized porous Si

25 layer remaining on the second substrate side was
subjected to selective etching with agitation in the

mixture solution of 49 % hydrofluoric acid and 30 %



- -59 - porous | ayer form ng step. (Exanmpl e 6)

Prepared was a p-type or n-type 6-inch-di aneter first (100)
single-crystal Si substrate having the 5. g4 hickness of 625 pmand the
specific resistance of 0.01 [err].cm and it was subjected to

anodi zation in HF solution. The conditions for the anodization were
as fol | ows. Current density: 7 (mA cnferr]) 10 )
Anodi zation solution: HF: H0: CHerr]OH = 1:1:1 Time: 11 (mn
Thi ckness of porhwdrcgien pergrifjde solution. Eynglie~cryedalyySi remained
This substrate was oxidized at 400‘Jerr]C i n_an _oxygen 15 anbi ent for
one hour. Thi s whkhat deingatehed, and with fhe wingl@—ysialmSio asover

the internal walls of pores of porous Si. Single-crystal S was
epitaxially @ myfemiad Pf REQHHSIARIDSRFOHS 5 b ATILZEE by the

1P e eal VagSIoRene o ) LS GVttt Wichad T pe oVl VLS
flowrate: 0.5/180 ]#rﬁr& . Gas pressure: 80 Torr
Tenperature? 95T Y
The etch rate of non-porous Si single crystal by
the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
10 the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
angstroms).
Namely, the single-crystal Si layer was formed in
the thickness of 0.1 um on the Si oxide film. Film
15 thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,
and uniformity of film thickness was 101 nm * 3 nm.
Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
20 atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.
Observation of cross section with the transmission
25 electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and

that good crystallinity was maintained.



25 Gowth rate: 0.3 pnimn Further, an Si '02 | ayer of
100 nm was fornmed over the surface of this epitaxial Si |ayer by
t her mal -. 60 - oxi dati on.

Hydrogen ions were inplanted in 1 X 10[err]/6ch in a regi on of the
principal surface except for the peri pheral 10 nmof wafer with the
acceleration voltage 5 of 150 keV applied. This inplantation of

hydr ogen i ons can realize a low porosity for the peripheral portion

and a high porosity fa tHe £iE ilme)OrHeD horthiy @iy dnd oxidizAd@® oxi dation
process the vol une expansi on of the" peri pheral portion becones
greater. Theref poroushesi Nayer defit an peie | finrdte eubesstnatak ayiden wetg engt h
and is thus easy to peel. The surface of this Sierr]

| ayer was | ai d @lsndéuhgiscted thererfiteamntaceladtive sabdhboy ofithn Si
substrate (second substrate) wwth an SiQ2 |layer of 500 nmforned 15
t her eover, separagidtgtionepin cthe mixture golutiar ahet9 ¥ hydrafluardc the
Si®2 layer of 100 nmand the epitaxial Si . | ayer were renoved by

et chi ng on & he A% And 3@ Hrhydrogen iprrosmifds mpltian. wiinglsmosed t he
edge of porous Si. The bondi ng waf er was ro-oxi di zed at 1000

[err]C, 20 S Fralil Hag dRE DT ERIYY bedng (§%F 304 SEith the
position correspgqﬁg{gLé§§é §iF§fU§§t§qm£€g¥ngﬁof etch stop the porous
Si and oxidized porous Si layer was selectively etched
to be removed completely. Thus, the first substrate of
10 single-crystal Si waé able to be put again into the
porous layer forming step.
(Example 8)
Prepared was a p-type or ﬁ—type 6-inch-diameter
first (100) single-crystal Si substrate having the
15 thickness of 625 uym and the specific resistance of 10
Q-cm, and an SiO, layer of 100 nm was formed over the
surface thereof by thermal oxidation. Hydrogen ions
were implanted in 1 x 10Y/cm® into the principal
surface with the acceleration voltage of 25 keV
20 applied. This resulted in forming a porous structure
in the depth of near 0.3 pm below the surface by
hydrogen bubbles.
The surface of this SiO, layer was laid on and made
into contact with a surface of an Si substrate (second
25 substrate) with an Si0, layer of 500 nm formed
thereover, separately prepared, after they were exposed

to a nitrogen plasma. After contact of the surfaces,



hydrogen ion inplantation in the porous Si |ayer after 0.7 hour. The

separated surfaces were observed, showi ng that the central portion
was found to remain 25 alnmost inits origénal state while porous Si of
t he waf er side surface was changed to SiJerr]. Af ter
that, the porous Si and oxidized porous S

- 61 - | ayer remaining on the second substrate side was

subj ected to selective etching with agitation in the m xture sol ution

of 49 % hydr of | ubhécSH@j dayed 3F %00 nm anddrtihge epidiexiisde Sdoll@yiean were
Single-crystal Si remained 5 wthout being etched, and with the

singl e-crystal Sremgved by etghingian thecside stepiace ¢bHrehe Ipnding

oxi di zed porous Si_|ayer was selectively etched to be renoved '
conpl etel y. wafer, whichiexresed the 8dg®cPHuRORPus St e T¥stal by 10
t he etchant was ex#renel ow and the selectiv the etch rate

of the r y a e can enﬁé% gf b
porous | afieFrPARP RLAWER BYR\®E85 Fe bR PRSI ore, a
deorease | ngt | TLLILRSERR S8, 16, oy Fe TS PR NS oLIod O TERE, (12
oo 2O abpu pre hous FELY. ekiSsBT b E il thogtol i Einins
thicknesses of tQgpalfb6sEaYShabach bBHEE, L8N £6AEESted with each
other, the bonding strength becomes much higher.
The bonding wafer was'dry-oxidized at 1100 °C, and
10 it was divided perfectly in the porous Si layer into
two substrates after two hours. The separated surfaces
were observed, showing that the central portion was
found to remain almost in its original state while
porous Si of the wafer side surface was changed to SiO,.
15 After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 $
hydrogen peroxide solution. Single-crystal Si remained
20 without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely.
The etch rate of non-porous Si single crystal by
25 the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°

or more. Therefore, a decrease in film thickness of



were neasured at 100 points across the entire surface, 20 and

uniformty of filmthickness was 101 nm 3 nm Further, it was
anneal ed at 1100 [err]C in hydrogen - 6ffor one hour. Surface roughness
was evaluated with the atom c force mcroscope and the root nean
square roughness in a region 50 pm square was approximately 25

0.2 nm which was equivalent to those of Si wafers commercially
avai | abl e. " Observation of cross section w Qf t ransm,ssi on
- 62 - the QO-BRTAUS JEFETe Wask f% S99 étg\‘?fti s AT A e w

crystal defects mere ntroduce |nt t he S| er,_an a ood
crystal linity e énthﬂsné’&.ac ica ‘1( b?‘)% §%°q“t sevelgﬁ g‘p;tr ed was a
p-type or n-type 6- |nchs)d| anet er first (100) single-crystal Si

substrate havi RygSEe™ t hi ckness of 625 pn1and the specific resistance

of 0.01 [errly ng. g*ﬁ?
solution. The condit |agﬁr;gs fo IHm o}uza i on were f@f&ﬂ%}dé’%dﬂnéﬂ: J'.n
Current defisit Yene éﬂ%ﬁés’f‘é rdﬁ 0.2 um on thé@adléﬁtd&@m& ut i EfLm

HF-Herr]OGCHerr]OH = 1:1 Time: 11 (mn)

Thi ckness of pogRLskndssde? dfpnﬁhe Ifingle-cryStHO B Ylaydr (Yius formed
were measured at 100 points across the entire surface,
and uniformity of film thickness was within #3 %.

Further, it was annealed at 1100 °C in hydrogen

10 for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.

15 Observation of cross section with the transmission
electron microscope fesulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

At the same time, the porous Si and oxidized

20 porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-
crystal Si was left without being etched, and with the

25 single-crystal Si as a material of etch stop the porous
Si and oxidized porous Si layer was selectively etched

to be removed completely. Thus, the first substrate of'



This substrate was oxidized at 400 [err]C in an oxygen - anbi ent for
one- hour. This oxidation caused a thermally oxidized filmto cover
the internal walls of pores of porou8 St. Single-crystal Si was
epitaxially 20 grown in the thickness of 0.15 pmon porous Si by the
CVD (Chem cal Vapor Deposition) process. The growth conditions were
as follows. Source gas: Si H2O 2/ H2 Gas flow rate:
0.5/180 1/ mn

25 [essure:. 80 Tarr . at ur e:
050 [err]C | SIngle-ceysiEh Thidat (ABLe e pe Put again intS B
- 63 - Fgrther aniSiCQtéﬁyer of 100 nmwas forned over
the surface of PRFSUEPFRERT af o1y 2FeRY t her mal oxi dat i on.
The surface of i s S ayer was laid on and nade 5 into contact with
a surface of anigfagﬁ%é??gte (second substrate) with an SiJerr]

l'ayer of 500 nm for bepegy SePahatPp¥ BLLRShediaméter they
wer e exposed n§gegﬁr%§ygén plgsﬁ%PeAfter cg%tact of the surfaces,

the SiQ2 |gyer efi,L0(RGb§Ndih§eecliyaxhl sSi shByeratsrRavifig theenoved by
etching on the side surface of the bonding waf er, whi ch exposed the

edge of porous $hickRes8xyges25 um anfll eRaBspecifis rasisthnceecofh@.Bbndi ng
strength, and if
Q.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as
follows.

10 Current density: 7 (mA.cm™?)

Anodization solution: HF:H,0:C,H;OH = 1:1:1
Time: 11 (min)

Thickness of porous Si: 12 (um)

Porosity: 15 (%)

15 This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a |
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of 0.15 pm on porous Si by the

20 CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.

Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
Gas pressure: 80 Torr
25 Temperature: 950 °C
Growth rate: 0.3 pm/min

Further, an SiO, layer of 100 nm was formed over



they are further heated at 300 [err] C for about one hour after
expased to the oxygen plasma, superinposed on 15 each other, and
contacted with each other, the bonding - 69 strength becones nuch higher.
The bondi ng waf er was pyro-oxidized at 1100 [err]C, and it was

di vided perfectly in the porous Si |ayer into two substrates after
0.7 hour. The separated 20 surfaces were observed, show ng that the
central portion was found to remain alnost in its original

state while por the Surdfbcehefwkhés epdsaxdpiaSé hayer by thegmaded to Si 2.
After that, the porous Si and oxidized porous Si 25 | ayer remaining on
t he second subsomddetiiome was subjected to selective etching with

agitation in the m xture solution of 49 %h droflgﬁm%p chdtand 30 %
- 64 - hydr Sydrosenoiions ¥ere: ioRLlagteg dhc Py & i eri*Red

Stch stop the piFeuSraRciRt ofuRtASE WLth B stoederiiion nedtelb 8 Uei )
etched to be remnmove 5 onp] etely. The etch rate of
non- por ous i s g‘eryr ﬁpgilr%/ the etchant was extrenely |low and the
oo Y o o R 3Rk BR300 el AR chEcespatpmacsen
layer in the side surface were removed to expose the
porous Si layer.
The surface of this Si0, layer was-laid on and made
10 into contact with a surface of an Si substrate (second
substrate) with an SiO, layer of 500 nm formed
thereover, separately prepared, after they were exposed
to a nitrogen plasma. The nitrogen plasma process can
enhance the bonding strength, and if they are further
15 heated at 300 °C for about one hour after exposed to
the nitrogen plasma, superimposed on each other, and
contacted with each other, the bonding strength becomes
much higher.
The bonding wafer was pyro-oxidized at 900 °C, and
20 it was divided perfectly into two substrates at a
position corresponding to the projected range of
hydrogen ion implantation in the porous Si layer after
two hours. The separated surfaces were observed,
showing that the central portion was found to remain
25 almost in its original state while porous Si of the

wafer side surface was changed to SiO,.

After that, the porous Si and oxidized porous Si



10 t he non-porous | ayer was so snmall that the etch anount t her eof

was practically ignorable (about several ten angstrons) .

Nanel y, the single-crystal Si layer was for&d=in t he thickness of
0’1 pmon the Si oxide film Film 15 t hi cknesses of the single-crystal
Si | ayer thus forned were neasured at 100 points across the entire
surface, and uniformty of filn1thickness was 101 nm 3 nm

Further, it was annealed at 1100 err C |n for _one hour.
Surface roughnes'S¥RE 8RN %%t%ﬁt@ 38 WA%r oscope and

appr oxi mat el y | ubjecked g rﬁfa#%c#"“ss 'er*qcﬁﬁr%g *f%q‘%%}éi%or%%
comercial ly av Jé%ﬂéa olutlon of rﬁgﬁﬁ éR{n co w th the

transm ssi on I‘Ol’l m Croscope I’ m ng at no new

crystal defect s @m% alé}%gﬁﬁfhé B ddors |Pj1dadystal sit haimoRE

crystallinity wa - 65 -

At the sanesti Mgy kP BOUsy tdhh 0>ard1 Zgth the SIHQAS-cYydtnersi efg on

the first substrate side was al so subjected thereafter to selective
etching with a maBradl QF igtdlastipithe pordlis ®1L eind! DbdidEdf | uoric
5 acid and 30 % hydrogen peroxide solution. Single- crystal S

was | eft w thoutpdwsuyg Si chetbr avak vidledtiovely etched to be removed
completely.

The etch rate of non-porous Si single crystal by

10 the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
fhe non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten

15 angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.1 pm on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,

20 and uniformity of film thickness was 101 nm * 3 nm.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately

25 0.2 nm, which was equivalent to those of Si wafers
commercially available.

Observation of cross section with the transmission



single-crystal Si as a material of etch stop the porous Si and

oxi di zed porous Si |ayer was selectively etched to be renoved

conpletely. Thus, the first substrate of =10l = single-crystal Si was able
to be put again into the porous | ayer form ng step. (Exanpl e
8) Prepared was a p-type or n-type 6-inch-di aneter first

(100) single-crystal Si substrate having the 15 thi ckness of 625 pm and
v wan o e o B Sickagame, refiec i, S AP i R e 100
Yarogen 10n oyl et Mtk e e N T B L

of “near 0. 3 pm o Fiod SN LA S plidEaa, | 0 e derth

The surface of this g@tﬂ ys-gmgva@j_,ﬁéi 0 p’gﬂn{@% and ox,-i_cﬁtgé&ont act

with a surface of an SI substrate (second ™25 substrate) with an Si Q2

llayer of 509 nmgeydims si layer NEEOOGH . t15s PRI € subd et bidd tids t hey
wer e exposed to a nitrogen plasma. After contact of the surfaces,

- 66 - dl1so SUPjectdd tHeddlr tulh atsl ddledpivaretthiig [wien were
renoved by etching on the side surface of the bonding waf er, which
exposed t he edgeagditagoiamisirsi thdheixture solution of 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-
crystal Si was left without being etched, and with the
10 single—cfystal Si as a material of etch stop the porous
Si and oxidized porous Si layer was selectively etched
to be removed completely. Thus, the first substrate of
single-crystal Si was able to be put again into the
porous layer forming step.
15 (Example 10)
Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0.01
Q-cm, and it was subjected to both-face anodization in
20 HF solution. The conditions fof the anodization were
as follows. The both-face anodization was carried out
face'by face for 11 minutes each.
Current density: 7 (mA.cm™?)
Anodization solutidn: HF:H,0:C,HOH = 1:1:1
25 Time: 11 x 2 (min)
Thickness of porous Si: 12 (um)

Porosity: 15 (%)



ni.trogen plasma process can enhance the bonding 5 strength, and if they
are.further heated at 300 [err]C for about one hour after exposed to
the nitrogen plasnm, superi nposed gn-gach other, and contacted with
each ot her, the bonding strength becones nuch higher.

The bondi ng wafer was dry-oxidized at 1100 C, and 10 it was divided
perfectly in the porous Si |layer into two substrates after two
hours. The separated surfaces wer e observed, show ng that the
central portion was This substféteowasnbixidikzedsati 400t $Colnganaloxygane

whi | e porous Si of the wafer side surface was changed to SidJerr].
15 Af t erambient o paeoheusi. amhisxickidedtipor canssd a | ayer
remai ni ng on the second substrate side was subj ected to selective
etching with agithetrmallyn oxtidized £ilm stouicoves dheodnderpalymaldisofuoric
acid and 30 % hydrogen peroxi de solution. Single-crystal Si remained
20 wi t hout baiowmpsetodheodromsd Sii-t h Singls-ayvetedy Slawag epdtaxially,
material of etch stop the porous Si and oxidized porous ‘Si_|ayer was
sel ecti vel \B et clERPWIo I thendihdgkness of; Q%) P each porous fis gt ch
rate of non-poraous S

single crystal by 2 t he et chant was extrenely
| ow and the sel da¥&s By Jhe cvo (%Jﬁ%%og HAR- LTSSt heret o

""aZfYG“ 10 err]The-_ growt%r crI:anr 'ti-lc_)r}lesr Ei‘«;eo'x:ree’asa &elciro%?ss.e in filmthickness of

Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
10 Gas pressure: 80 Torr

Temperature: 950 °C

Growth rate: 0.3 pm/min

Further, an SiO, layer of 100 nm was formed over
the surface of each epitaxial Si layer by thermal

15 oxidation.

The surfaces of the SiO, layers were laid on and
made into contact with respective surfaces of two Si
substrates (second substrates) with an Si0O, layer of 500
nm formed thereover, separately prepared. After

20 contact of the surfaces, the Si0, layers of 100 nm and
the epitaxial Si layers were removed bf etching on the
side surface of the bonding wafer, which exposed the
edge of porous Si. |

The bonding wafer was pyro-oxidized at 1000 °C,

25 and it was divided perfectly in the porous Si layers
into three substrates after one hour. The separated

surfaces were obser#ed, showing that the central



t he non-porous |ayer was so small that the etch anount t her eof was
practically ignorable (about several ten angstrons) .

Nanely, the single-crystal Si layer was formeg in 5 t he thickness of 0.2
pmon the Si oxide film Film t hi cknesses of the single-crystal S

| ayer thus fornmed were neasured at 100 points across the entire
surface, and uniformty of filmthickness was within 3%

Further, it was anneal ed at 1100 C in hydrogen 10 for one hour.

Surface roughnespowkéonvuagafedndi to remain almogtoimncitarerigivadscope and
t he root mean square roughness in a region 50 pm square was

approxi mately  stateowhije pereus Shsofqtheavafiert §18aoSUTrERCE| WaRf er s
comercially available._ 15 bservation of cross section with the
transm ssi on ChanGPQCFPoﬁlﬁztroscope resulted in conflrnlng that no new
crystal defects were

d he Si
crystallinity was nalhggro gﬁgg the £°%°uﬁtg 8n§aﬁ§19%ﬁ§d Pﬁﬁoﬁﬁrgﬁs Si

and oxi di ze

al so subjecged tﬁ??gﬁ%?gﬁf? °§e¥§8t%€ége$§h%ﬁ8 &V%ﬁgeéggat aLSF%%ggﬁ in the
mxture solutonyglels ﬁgms%af ItHOEéieth.vg eEhdndnthiEh 28 ¥gx5-993nm

per oxi de sol utiof el ng etched,
and with the 254phe ﬁ.&%h%echihehoﬁl o549 %Hi@as.»ah%r%cBciaoanahgop@rOus

Si and oxi di zed porous Si layer was selectively etched be renoved
conpl etely. Thusnhylihegkh peréubabr abtuelion. single-crystal si remalned
without being etched, and with the single-crystal Si as
10 a material of etch stop the poroﬁs Si and oxidized
porous Si layers were selectively etched to be removed
completely.
The etch rate of non-porous Si single crystal by
‘the etchant was extremely low and the selectivity of
15 the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was pfactically ignorable (about several ten
ahgstroms).
20 Namely, two of the single-crystal Si layer were
formed in the thickness of 0.1 pym on the Si oxide film.
Film thicknesses of the single-crystal Si 1éyer thus
formed were measured at 100 points across the entire
surface, and uniformity of film thickness was 101 nm #*
25 3 nm.

Further, it was annealed at 1100 °C in hydrogen

for one hour. Surface roughness was evaluated with the



-.68 - single-crystal Si was able to be put again into the

porous | ayer form ng step. (Exanmpl e 9) Prepared was a
p-type or n-type 6-inch-dianeter 5 fiskge(L100) single-crystal S
substrate having the t hi ckness of 625 pm and the specific resistance
of 0.01 [err].cm and it was subjected to anodization in HF
solution. The conditions for the anodi zation were as follows. 10
Current density: 7 (mA.cnjerr]) Anodi zat i on sol uti on:

HF: H20: C2H[ er r ] ghlomit ¥okce microscopeliaid the @oiot) mean square Thickness
of porous Si: 12 (pm Porosity: 15 (% 15 Thi s
substrate was Oxictightesat i40@ [regilcd 50 am egugee was appradiawmtelsr one
hour. This oxidation caused a thermally oxidized filmto cover the
internal walls @.2 nm, whictewas quuwisalesit 1S ndiosec Ofs S Ve fegss
epitaxially grown in the thickness of 0.15 pmon porous Si by the
20 CVD ( Chenicamimergicyl e posaikalhe process. The growt h

conditions were as follows. Source gas., SiHO2/H2 . .

Gas flow rdte: 0.5/ 18psgriation of cross @%c‘bﬁ%é'{i‘ré‘ %t? gnsmission

Tenperature: 950 Jerr]C - 0. ]
P e ectJon microscope égéﬁféhéegéicé%f%fﬁgﬂgrkhat no new

crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

At the same time, the porous Si and oxidized

10 porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid and 30 $ hydrogen peroxide solution. Single-
crystal Si was léft without being etched, and with the

15 single-crystal Si as a material of etch stop the porous
Si and oxidized porous Si layer was selectively etched
to be removed completely. Thus, the first substrate of
single-crystal Si was able to be put again into the
porous iayer forming step.

20 (Example 11)

Prepared was a p-type or n-type 6—inch—diameter
first (100) single-crystal Si substrate having the
thickness of 625 ym and the specific resistance of 0.01
Q.cm, and it was subjected to anodization in HF

25 solution. The conditions for the anodization were as
follows.

Current density: 7 (mA.cm?)



Further, an SiQ2 | ayer of 100 nmwas forned over

- 69 - the surface of this epitaxial Si |ayer by thernal

oxi dat i on. Hydrogen ions were i-mMA%nrted in 5 x 1016/cnR into
the principal surface with the acceleration voltage of 5 180 keV

appl i ed. Then the SiQ2 layer of 100 nmand the epitaxial S

| ayer in the side surface were renpbved to expose the porous Si | ayer.

The surface of this SiQ2 |ayer was |aid on_and nmade 10 into contact

with a surface of an?foddgshion sqladdany HF:H0:CfbOH, 5t df Ldilth an Si o2
| ayer of 500 nm formed t hereover, separately prepared, after they
wer e exposed {me ikl dgR )| asma. The nitrogen plasma process can

enhance the bondi ng slé{e th, and if the)é ar % rther 15 heated at 30
C for about one hour jtcg&eé%?p&}gt?qrc?us i: P]t 3% rogen pl asna, .
superi nposed on eachﬁgéggitﬁyuiqnfﬁ? contacted with each other, the

: ch hi

bondi ng strength becores gher. ~ The bondi ng waf er
vas pyro-oxg di zed at i [Rldderatd Gras buidddod\as o 4R 18P 'HP Pryhe! ©
two substrates at a position corresponding to the projecte ange of

hydrogen ion i M@ttt Ao ord s OUSTHs |Wfa@ldieicaused a tWO hours.
The separated surfaces were observed,
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of 0.15 pm on porous Si by the
10 CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
Gas pressure: 80 Torr
15 Temperature: 950 °C
Growth rate: 0.3 pm/min
Further, an SiO, layer of 100 nm was formed over
the surface of this epitaxial Si layer by thermal
oxidation.
20 Hydrogen ions were implanted in 1 x 10'%/cm® into
the principal surface with the acceleration voltage of
180 keV applied.
The surface of the SiO, layer was laid on and made
into contact with a surface of a quartz substrate
25 (second subétrate) prepared separately, after each
surface was proposed to a nitrogen plasma. After

contact of the surfaces, the SiO, layer of 100 nm and



showi ng that the central portion was found to remain 25 alnmost inits
original state while porous Si of the waf er side surface was changed
to Si Q2. After that, the poroupg Sl and oxidi zed porous S

- 70 - | ayer remaining on the second substrate side was

subj ected to selective etching wwth agitation in the m xture sol ution
of 49 % hydrofluoric acid and 30 % hydr ogen per oxi de sol uti on.
Single-crystal Si remmined 5 without being etched, and with the

singl e-crystal fheagpitaxiab 5Bt kayatr wéretrémeved byieepohing sh the

oxi di zed porous Si |ayer was selectively etched to be renoved

conpl etely. side surfdbe efctheabendingowaferpuwhirhsegppeedr §beal by

10 the etchant was extrenely |low and the selectivity of the etch
rate of the poredgel efeporhesess. mashevehtxggenrplasma prepeﬁﬁrean
Therefore, a decrease in filmthickness of non-

so small that thehensh ghguhpndlng StFﬁ§9§Bﬁ fad bfaEPFgaP &ﬁ&b&
(about several ten angst

Zlngledcr¥§fal BPaFQQethégofoPnﬁﬂrlﬁb°Ut °netH@thF%Eﬁéé?xgpssdltﬁh1on t he
I oxide film Film ck f.th th

f or med . we RAEEoCER Rb‘afg'gsf)%?“ﬁ’g§lg'8§§%dnghe en ;Strog:lhsu%r’f ggxéer -
and uni form ty %%ﬁ@gc e%hh& %F%%dﬂ?%t“%&,n@hesbﬂghing strength becomes

much higher.

er was

The bonding wafer was low-temperature-oxidized at
10 700 °C, and it was divided perfectly into two
substrates at a position corresponding to the projected
range of hydrogen ion implantation in the porous Si
layer after ten hours. The separated surfaces were
observed, showing that the central portion was found to
15 remain almost in its original state while porous Si of
the wafer side surface was changed to SiO,.

After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the

20 mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed

25 completély.

The etch rate of non-porous Si single crystal by

the etchant was extremely low and the selectivity of



Further, it was annealed at 1100 [err]C in hydrogen for one hour.
Surface roughness was evaluated with the atom c force mcroscope and
the root nmean square roughness in a yegion 50 pm square was
approximately 25 0.2 nm which was equivalent to those of Si wafers

commerci ally avail abl e. Qobservation of cross section with the
transm ssi on - 71 - el ectron

m croscope resulted in confirmng that no new crystal defects were
i ntroduced i nt otheeeSch| zgte afidthe poroustlgver thesebP|wast§vemsiO

mai nt ai ned. At the same time, the porous Si and oxidized 5
porous Si | ayer orefioren t Bhereforesupséeareasedényhilm thickpegssgh; ect ed
thereafter to selective etchin% with a%itation in the mxture

sol ution of 49 $heyneprpasens layer wasdsang Séltya:h?*&r*&’@%neﬁgbo%“ﬂ'ént

sol ution. Single- crystal Si was left wthout. being etched nd with
the 10 sing¢§e€ﬁ9§tHPSSPr§§t&°ﬁ&?¥rFQP°B$%i?cEa§?B gﬁgeﬁsioﬁgg

Si and oxi di zed porous Si. | ayer was sel ectively etched to be renoved
conpl et el y3 Thu@PSEREOFSPst substrate of single-crystal Si was able

10y P O NPl the BB L B CST BB Chas Formeal ERATPI €
first (100) singhgr Gidehdless oF'BSHM Bt oRA¢hBISiNBxide film on the
guartz substrate. Film thicknesses of the single-
crystal Si layer thus formed were measured at 100
10 points across the entire surface, and uniformity of
film thickness was 101 nm * 3 nm.

Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and

15 that good crystallinity was maintained.

The same results were obtained without forming the
oxide film on the surface of the epitaxial Si layer.

The same results were obtained with low-melting-
point glass. |

20 At fhe same time, the pafous Si and oxidized
porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-

25 crystal Si was left without being etched, and with the
single-crystal Si as a material of etch stop the porous

Si and oxidized porous Si layer was selectively etched



thi ckness of 625 pm and the specific resistance of 0.01 [err].cm

and- it was subjected to both-face anodi zation in 20 HF solution. The
conditions for the anodi zati on were - 728 follows. The both-face

anodi zati on was carried out face by face for 11 m nutes each.

Current density: 7 (mA.cnferr]) Anodi zati on sol uti on:
HHerr]Oderr]H6OH = 1:1:1 25 Time: 11 x 2 (mn)

Thi ckness of porous Si: 12 (pm Porosity: 15 (%

- 72 - to be Famevedbeotmpletedy.oxThHugedthe fidostesubstratanofxygen
anbi ent for one hour. This oxidation caused a thermal |y oxidized film

to cover the instnghe-aupbtadfSi was pblestef bpoputisagpingipgpetbeystal S
was epitaxially 5 rrgrown in the thickness of 0.15 pmon each porous Si

| ayer by the CvpPotchemladprvipsmingps§eP-on) process. The growth
conditions were as foll ows. Sour ce gas: Si H2d 2/ H2

Gas flow rate: GESAm@de1idin 10 Gas pressure 80 Torr

Tenperature: 950 C rate Furt her,

an Si @2 | afer of 100Pﬁﬁpﬂ§§dePﬁe& 8v§¥ or n2 Fﬁ? nbfﬁggg'gﬁaggb o
epi taxial S la%%rsz(&%%) single—crystal Si substrate having the

thickness of 625 pm and the specific resistance of 0.01
Q.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as
10 follows.
Current density: 7 (mA.cm™?)
Anodization solution: HF:H,0:C,HOH = 1:1:1
Time: 11 (min)
Thickness of porous Si: 12 (um)
15 Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
20 grown in the thickness of 1.05 pm on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.
Soﬁrce gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 l/min
25 Gas pressure: 80 Torr
Temperature: 950 °C

Growth rate: 0.3 pn/min



15 oxi dat i on. The surfaces of the SiQ2 layers were laid on

and made into contact with respective surfaces of two Si

substrates (second substrates) with an Si<O79 ayer of 500 nm f or med
t her eover, separately prepared. After 20 contact of the surfaces, the
SiJerr] layers of 100 nm and the epitaxial Si |ayers were renoved
by etching on the si de surface of the bonding waf er, whi ch exposed
t he edge of porous Si. B nd|n waf er

pyro- oxi di zed at 100tmxthens an S |1@Y\ﬁ§s°§| ¢ Bfe &P \ggn%’ﬁé' por ous

Si | ayers into three substrate I hour The se at ed
surfaces were oERrSERLac R nhts£P T'%“’c%in é):gelayer by q:eherrﬁ)ﬂ

- 73 - Qé%é%#fn was found to remain alnost in its origina

state while por P the wafer side surface was changed to Si Q2.

After that, the por S%:?‘{Qo%’%f"%ﬁ& PO{QUS aVer was 1ad¥Cloh el ma@et he

si de of the t wo seco re “sudbj ected to sel ective etching

W th agi tagi on L concl 06 g1 8 U o304tk o0 ohn 41 Yhdygesdtaorsécasa d and

30 % hydrogen peroxide solution. Single-crystal Si remained
Wi thout being eéﬁﬂ&‘éraéé‘g WD 4hespbNalarey ¥ Jo0SinmAForked a material
of etch stop the porous and oxi di zed porous Si | ayers were

sel ectively etchrdrbOves, ' §8PpyLdtely prepared. After contact of the
surfaces, the Si0, layer of 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
10 the bonding wafer, which exposed the edge of porous Si.
The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer
into two substrates after one hour. The separated
surfaces were observed, showing that the central
15 portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO0,. -
After that, the porous Si and oxidized porous Si
layer left on the second substrate side was subjected
20 to selective polishing with single-crystal Si as a
polishing stopper. Single-crystal Si was left without
being polished, and with the single-crystal Si as a
material of polishing stop the porous Si and oxidized
porous Si layer was selectively polished to be removed
25 perfectly.
Namely, the single-crystal Si layer was formed in

the thickness of 1 uym on the Si oxide film. Film



conpl etely. The etch rate of non-porous Si single crystal by
the-etchant was extrenely |ow and the selectivity of 15 the etch rate
of the porous |ayer thereto was even 105_ gg - or nore. Therefore, a
decrease in filmthickness of t he non-porous | ayer was so snall that
the etch anpunt t hereof was practically ignorable (about several ten
angstrons). 20 Nanely, two of the single-crystal Si |ayer were
formed in the thickness of 0.1 pmon the Si oxide film Film

t hi cknesses of thicknagsescofsthe Singlgecrystal Si layenrbhus wEermefasur ed
at 100 points across the entire surface, and uniformty of film
t hi ckness was leéremmeas@fed at hOP points acrosg th@centire,surfa@Ral ed at

1100 [err] C in hydrogen for one hour. Surface roughness was
eval uated with ahd uniformity of film thickness was *3 %. 74 .

atom c force mcroscope and the root nean_sguare roughness in a
regi on 50 pm square RHEtBBFr okFrHRg| ynnealedpal ﬁﬁ?omﬁ?cgnmﬁggﬁﬂg?va!ent t-o
Lhoe of S, Ve 55 one prSSieLerAReL SSLhARLS, whe prpbeess BELT RS O
PO LT 0 Nt Bl crce, pLFASHRhpRCA AL BCHBgk pRA selakit 0 (e S
roughness in a region 50 pm square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.

10 Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

(Exaﬁple 13)

15 Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0.01
Q.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as

20 follows.

Current density: 7 (mA.cm™?)

Anodization solution: HF:H,0:C,HOH = 1:1:1
Time: 11 (min)

Thickness of porous Si: 12 (pm)

25' Porosity: 15 (%)

This substrate was oxidized at 400 °C in an oxygen

ambient for one hour. This oxidation caused a



At the sanme tinme, the porous Si and oxidized 10 porous Si |layer left on

the first substrate side was al so subjected thereafter to selective

etching with agitation in the m xtuBd sol ution of 49 % hydrofl uoric

acid and 30 % hydrogen peroxi de solution. Single- crystal Si was

| eft without being etched, and with the 15 single-crystal Si as a

material of etch stop the porous Si and oxi di zed porous Si |ayer was
C

sel ectively etched t.q be ve onpl et - t-he fi.rs
substralte of f therma&ilﬂgpé‘-ia"fﬁ‘ioﬂ%qgfn \%é’s c%leg t%gébé-lr;%u%tinaaglai%r? T8 tgft he
porous | ayer formn ep.....20 ( | e Prepared was a
p- Lype or R-tyﬁ’gr@ﬁgﬁ%-p(%rgﬁﬁ esl’i @&%’Eﬂﬁ rcir%r)s(t? Of;aésnéwlaes-crygt al Si
substrate havi Q_»be &ially r%td;)inclg_qleqﬁl Of iR IBLHE 1N i REE iddrouse HisSt ance
err].cm “a I't i é@tg ' in H 25

of|0.01 was subj ecte 0 anodi zation'in

solution. The %qi‘gi k W IR mARY; D ld4 .
Current densitgﬁp A C .egr E A 2. ¥apor Depdsitios - 75
_ 5  prdd Zatpd S GbnddtiidHy GiifeOhdss follicls.

Time: 11 (mn) Thi ckness of porous Si: 12 (pm

Porosity: 15 (% 5 source ga¥ srMujrsH,aHe was oxidized at 400 [err]C in an
EEn Gas pressure: 80 Torr

Temperature: 700 °C

The surface of the GaAs layer was laid on and made

10 into contact with a surface of an Si substrate (second
substrate) prepared separately and thereafter the
epitaxial layer on the side surface of the bonding
wafer was removed by etching, thereby exposing the edge
of porous Si.

15 The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer
into two substrates after one hour. The separated
surfaces were observed, showing that the central
portion was found to remain almost in its original

20 state while porous Si of the wafer side surface was
changed to SiO,.

After that, the porous Si and oxidized porous Si
layer left on the second substrate side was subjected
to etching with ethylenediamine + pyrocatechol + water

25 (at a ratio of 17 ml:3 g:8 ml) at 110 °C, after
removing oxidized Si with HF. Single-crystal GaAs was

left without being etched, and with the single-crystal



anbi ent for one hour. This oxidation caused a thermal |y oxidi zed
filmto cover the internal walls of pores of porous Si

Single-crystal Si was epitaxially grgan-in the thickness of 0.15 pm -
on porous Si by the 10 CVD (Chem cal Vapor Deposition) process. The
grow h conditions were as foll ows. Sour ce gas:
SiHerr]d 2/ H Gas flowrate: 0.5/180 1/mn Gas
pressure: 80 Torr 15 Tenperature: 950 [err]C G ow h
rate: 0.3 pm ni@aAs as a matefFialhef, ehnhsstPErtljlelngé@ugf Si08ndm was
formed over t he surface of thls epitaxial Si |ayer t her mal

oxi dation. 20 oxidlzedwlregsnsiohmzsr\easnﬁe&ﬁ%avgﬁne?cge?eﬁ?] Penierr]
into the principal surface with the accel eration voltage of

180 keV appl i egremoved comple¥glysyrface of the Si02 Iayer was laid on and

d t t act h f f t
?gegond subs{pa?egogFg%apgh s€§§;g§£?§gngPP€Pﬂ§Z@ﬁis %ugfgﬁga&agy

E{SQOFSSeEgO? strogg Hgn%sa%s éx remely lowcgﬂaa%heogeiegtigﬁg§ §§ the
the epitaxial S%heaé%r g%er8¥D¥§%eB&rgh%higgegnthgﬁeto wassbggnsﬁbﬁace of

t he bondi ng waf er’, gh exposed
or more. Therefore, a decrease in film thickness of

the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten

10 angstroms). |

Namely, the single-crystal GaAs layer was formed
in the thickness of.l pm on Si.

Observation of cross section with the fransmission
electron microscope resulted in confirming that no new

15 crystal defects were introduced into the GaAs layer and
that good crystallinity was maintained.

Using an Si substrate with an oxide film as a
support substrate, GaAs on the insulating film was also
able to be fabricated in the same manner.

20 At the same time, the porous Si and oxidized
porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution of 49 £ hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-

25 crystal Si was left without being etched, and with the
single-crystal Si as a material of etch stop the porous

Si and oxidized porous Si layer was selectively etched



edge of porous Si. The nitrogen plasnma process can enhance the
bondi ng strength, and if they are further 5 heated at 300 [err]C for
about one hour after exposed to t he -ni88r egen pl asma, superinposed on
each ot her, and contacted with each other, the bonding strength
becones much hi gher. The bondi ng waf er was

| ow-t enper at ur e-oxi di zed at 10 700 [err]C, and it was divided perfectly
into two substrates at a position correspondlg% to the projected

range of hydrogdi® b&h TeReves someetelihe E@P&ust
hours. The separate rfaces were S ed t hat
cegt ral porti gn %Rzé’gq'leou %63' Pg was @I%en%& thul‘:n aﬁFg“oS'F’aﬁoné:Pest ate

ten

whi |l e porous Si _of o go Egr sj.de surface was changed to Si Q2.

After that, thepﬁ’EPé’L?s 1§iy 5n ARG, & |5’dr ous Si | ayer remai ning on
t he second substggiﬁﬁyci subjected to selective etching with
agitation in thé ure sol ution of 49 % hydrofluoric acid and 30 %
hydr ogen pey oxi de solgyd Xﬁéﬁg o2 n-9¥e"®dinch-diaeitaqut being
et ched, an?vvlth t he SI e- cryst% 155 a rrat é'rnlcal 3fa etch stop

the porous Si and @4 ctlwtpb single-R3Ata1Si51l BWstiRdteS Matdingvehe et ched to
be renmoved 25 conpl etely. The etch rate of non-porous Si

Si‘ ngl e crystal khickness dfi&2% (iihﬁ@nd/\/aﬂue;—‘;gﬁéﬁﬁlb reyidtdnides oFelor@yi vity
° Qecm, and it was subjectéa to.;nodization in HF
solution. The conditions for the anodization were as
10 follows.
Current density: 7 (mA-.-cm™?)
Anodization solution: HF:H,0:C,HOH = 1l:1:1
Time: 11 (min)
Thickness of porous Si: 12 (um)
15 Porosity: 15 (%)
This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal AlGaAs was
20 ebitaxially grown in the thickness of 0.5 pm on porous
Si by the MBE (Molecular Beam Epitaxy) process.
The surface of the AlGaAs layer was laid on and
made in contact with a surface of a glass substrate
(second substrate) prepared separately and thereafter
25 the epitaxial layer on the side surface of the bonding
wafer was removed by etching, thereby exposing the edge

of porous Si.



the etch rate of the porous |ayer thereto was even 10[err] or nore.
Therefore, a decrease in filmthickness of t he non-porous | ayer was
so small that the etch anount t her eof gwas practically ignorable
(about several ten 5 angstrons). Nanely, the single-crystal
Si layer was forned in the thickness of 0.1 pmon the Si oxide film
on the quartz substrate. Filmthicknesses of the single-

crystal Si layer thus forned were neasured at 100 10 poi nts across the
entire surface, and (Fhef domdipgowafer wasf Low-tiemperedurgxoxigized a¥ nm
(bservation of cross section with the transmssion | el ectron

m croscope resulO “iGh @ iifthiweg dixided pegfectly igy yhegpareuscSd were
introduced into _the Si, layer and_ 15 that good crystallinity was

mai nt ai ned. layer intg,dwo,subsiates pdteToten MYLRE-t ndd€ forming t he

oxide filmon the surface of the epitaxial Si l|layer. . The sane
results were obﬁ.ﬁ%%qeﬁqr SRS NSTS obsezve oiThOngL Fhat) ghe At
the sanme tiJgre, the .porous Si. and oxidi z por | Jayer left on

the first ngEst A né;p;sa}ldg’%g?oa}’ was f%usn(;edjsﬁ?ojreec aelg“ t%ﬁoesa et Jte“[)s sel ective

etching with hyod'}ic?g%%g]%)zér‘é% ivﬂu‘.t téﬁ[dlgfrg&g %isgeﬁjpér% vfgfez!i:g ) drofluoric

acid and 30 % ox1 de sgl on. Sing crystal Si was

left without beifigrsidd8ths UHhnYdd €d'S10,. single-crystal Si as a
material of etch stop the porous Si*"and oxi di zed porous Si |ayer was

selectively etched After that, the porous Si and oxidized porous Si

layer remaining on the second substrate side was

10 subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal AlGaAs
remained without being etched, and with the single-
crystal AlGaAs as a material of etch stop the porous Si

15 and oxidized porous Si layer was selectively etched to
be removed completely.

The etch rate of non-porous AlGaAs single cryétal
by the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°

20 or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
angstroms).

Namely, the single-crystal AlGaAsllaYer having the

25 - thickness of 0.5 ym was formed on the glass substrate.

Observation of cross section with the transmission

electron microscope resulted in confirming that no new



- -78 - to be renoved conpletely. Thus, the first substrate of
single-crystal Si was able to be put again into the porous | ayer

form ng step. (Exanmple 12) 5 - 8 epared was a p-type or n-type
6-i nch-di anet er first (100) single-crystal Si substrate having the

t hi ckness of 625 pm and the specific resistance of 0.01 [err].cm and
It was subjected to anodization i n HF solution. The conditions for

t he anodi zati on were as fol |l ows. Current density: 7

(mA.cnierr]) crystal d%ﬂﬁﬁszéﬁ% Ipgmadusied Hpﬁq'z(yf@zﬂ]&é}ﬁ%%aye}' 1: 1
Time: 11 (mn Thi ckness, of oro s Si: :
Pgrosity:(15 %QQand that goo Juﬁﬁ¥?§§hkﬁ % os ™ 4§%§§¥an 400 [err]Cin

an oxygen anb|#% far. one ho X|dat|on C

thermal |y oxidized fi o *EVE ir{% %Ielsrs%‘fu °r°6‘1‘s B anda °x"diz(%d
porous Si. Singl ::chﬁ' t§llb IS% RS %t%‘%& ogq:h {}quén ckness
of 1.05 pn1on p ous e Chem ca apor osIt11on)
g;g:cegls H2Cl 2/ Hzod%ﬁtal SUbM%I oW r at e l%gdSIi(la{B%p \ﬁ n:%u.nrroer Surfacesour ge
pressure: 80 Tordnd thereafter the first substrate was again used as a
first Si single-crystal substrate.
(Example 15)
Prepared was a p-type or n-type 6-inch-diameter
10 first (100) single-crystal Si substrate having the
thickness of 625 ym and the specific resistance of 0.01
Qe.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as
follows.
15 Current density: 7 (mA.cm™2)
Anodization sc;lution: HF:H,0:C,H,OH = 1:1:1
Time: 11 (min)
Thickness of porous Si: 12 (pm)
Porosity: 15 (%)
20 This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of 0.15 um on porous Si by the
25 CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.

Source gas: SiH,Cl,/H,



Tenperature: 950 [err]C Gowth rate: 0.3 pnimn

- 79 - Further, an SiQ2 | ayer of 100 nmwas fornmed over

the surface of this epitaxial Si |ayer by-tBérral oxi-dati on.

The surface of this SiQ2 |ayer was laid on and nade 5 into contact with
a surface of.an Si substrate (second substrate) wwth an SiJerr]

| ayer of 500 nm forned t hereover, separately prepared. After contact
of the surfaces, the SiQ2 |layer of 100 nmand the epitaxial S

| ayer were renoved b@aet éRbowgrere:hO.5/480sd/mdBe of 10 t he bondi ng

waf er, which exposed the edge of porous Si. The bondi ng waf er
was pyro-oxi di zed at GagOPressyre: 80 TOrryng it was divided perfectly in

t he porous Si |ayer into two sybstrates after one hour. The
separ at ed sur fremperggugeshdedef showing that the central 15

portion was found to remain alnmost in its .original state while
porous Si of the waf @Iroé'ﬁtﬁ’eréﬁef'abe /i changed to Si 2.

Second sub® rate s Y WRRRn A Cors Y098 "BE TP am, vas BpFhphibLel e
o Y S, of "HF DO M e, v el
oxidation.

The surface of the Si0O, layer was laid on and made
into contact with a surface of an Si substrate (second

10 substrate) with an Si0, layer of 500 nm formed
thereover, prepared separately.

Si,N, was deposited in the thickness of 0.5 pm at a
low temperature on the both outer surfaces of the
bonding wafer and thereafter the Si;N, layer of 0.5 pm

15 and the SiO, layer of 100 nm and the epitaxial Si layer
on the side surface of the bonding wafer were removed
by etching, thereby exposing the edge of porous Si.
When Si,N, is formed in this manner, because Si is
easier to expand than Si,N,, stress acts in the wafer

20 peeling directions in the peripheral region of wafer,
which facilitates occurrence of the wedge effect by
oxidation.

The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer

25 into two substrates after 0.8 hour. The separated

surfaces were observed, showing that the central

portion was found to remain almost in its original



mat erial of polishing stop the porous Si and oxidized porous S

| ayer was sel ectively polished to be renoved 25 perfectly.

Nanely, the single-crystal Si layer was fosng +n t he thickness of 1
pmon the Si oxide film Film - 80 -

t hi cknesses of the single-crystal Si |ayer thus forned wer e nmeasured
at 100 points across the entire surface, and uniformty of film

t hi ckness was 3 % Further, it was annealed at 1100 Cin
hydrogen 5 f stabeewhble. poSus a8 oHuthecafensside | SMFEACS W8St he
atom c force mcroscope and the root nean square roughness in a

regi on 50 pm squehanggd HppSiQi natThe SisN, layer pR e HRAESWHASR ent to
those of Si wafers commercially available. 10 Observation of
cross section wiBAYtRE BRENBALsBEoReMOVed. | actron nicroscope resulted in

oy mnad 1M N0 M Reren thoty WEhS, PPECRE-ShrEhE PRLEEHEBoBYE Lo O
13 15 d -1 - ] - - dj t

) st (10055 2gLevRr, EnrtasAghoh! PheckplohdPEyRstiababiiBifhe (oo
m and t i £ L]t . Lt

Clb; ected t o anofiEipEssd) $87fetbctibl srcningl Aith SGLCARIGh ihftne

anodi zation werepdgeyre solution of 49 % hydrofluoric acid and 30 %

hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single-crystal Si as

10 a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely.

The etch rate of non-porous Si single crystal by
the etchant was extremely low and the selectivity of

15 the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
angstroms).

20 Namely, the single-crystal Si layer was formed in
the thickness of 0.1 uym on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,'
and uniformity of film thickness was 101 nm * 3 nm.

25 Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with an

atomic force microscope and the root mean square



20 fol |l ows. _ Current density: 7 (mA.cnferr])

Anodi zation solution: HF. 'H2O CH50H = 1:1:1 Time: 11 (m n)
Thi ckness of porous Si: 12 (pm 25 - g®orosity: 15 (%
This substrate was oxidized at 400 [err]C in an oxygen anbi ent for

one hour. This oxidation caused a

- thermally oxidized filmto cover the internal walls of
pores of porous Si. Single-crystal GaAs was epitaxially grown in the
t hi ckness of 1 poughnessoin & region 59 phesDEV® wist abpreyimatetyieni cal

Vapor Deposition) 5 process. The growh conditions were as foll ows.
Source gas: TMOAZHBMH2which was eQGigapeggsupethggeTgfrSi wafers

- 81

Tenperature: 700 C The surface of the GaAs | ayer was laid on and
made 10 i nt commeredallyt Avaidgblgece of an Si substrate (second
substrate) prepared separately and thereafter the | epi t axi al Iaxer on
the side surface of Ohsepyag§ing of crosg;Fertign W&ﬁﬁvgaebgréPEHFﬁﬁ,o

o crogsopd, FhuitEasn ghtirmipe SPOR, B M6 ...

'n the porous 5;;;2%%1 defects were introduced into the Si layer and
that good crystallinity was maintained.

At the same time, the porous Si and oxidized
porous Si layer left on the first substrate side was

10 also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-
crystal Si was left without being etched, and with the
single-crystal Si as a material of etch stop the porous

15 Si and oxidized porous Si layer was selectively etched
to be removed completely. Thus, the first substrate of
single-crystal Si was able to be put again into the
porous layer forming step.

(Example 16)

20 Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0.01
Q.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as

25 follows.

Current density: 7 (mA.cm™?)

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



into two substrates after one hour. The separated surfaces were
observed, showi ng that the central portion was found to remain
alnmost inits original - 20 state whil e p@%us Si of the wafer side
surface was changed to Si Q2. After that, the porous Si
and oxi di zed porous Si | ayer left on the second substrate side was
subj ect ed to etching with ethyl enediam ne + pyrocatechol + water 25
(at a ratio of 17 m:3 g:8 n1) at 110 [err]C, after renovi ng
oxi dized Si with HF. 'ISt“Pﬁg-l eLlcry'sltrb)l GaAs was | eft without being
etched, and with the sin

82 - GaAs asti ystl Rorus, 8o 34 Hé™or ous S and

oxi di zed porous Si | ayer vely etched to be renoved
conpl etely. Fox, \Aq'é{cﬁlsf? %e) of non- porous GaAs single crystal

5 t he etchant was xle t t Vi of t
rate of the porous Ia@é’r r{gqél'? a%?&gsven ee';if]dé’ 466 C 1n an A}ﬁ’egr%fore

a decrease dn fi i Kﬂﬁ? so smal | .
that the etéch anéon{;JBn é}h? rgérerf)“lwas pr actlc%y |gnor aiﬁ %about sever al
ten 10 angst{iBally oxidized £t ddiersitiH erbtersial s lgwer

was fornmed I n the thi ckness of 1 pmon Si. bservation
of cross sectionpaddd dHepdfASMBSSi Blingle-crystal Si was epitaxially
grown in the thickness of 0.15 pm on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
10 conditions Were as follows.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
Gas pressure: 80 Torr
Temperature: 950 °C
15 Growth rate: 0.3 pm/min
Further, an $iO, layer of 100 nm was formed over
the surface of this epitaxial Si layer by thermal
oxidation.
The surface of this SiO, layer was laid on and made
20 into contact with a surface of an Si substrate (second
substrate) with an SiO, layer of 500 nm formed
thereover, separately prepared. After contact of the
surfaces, the Si0, layer 6f 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
25 the bonding wafer, which exposed the edge of porous Si.
The bonding wafer was pyro-oxidized at 1000 °C,

and it was divided perfectly in the porous Si layer



el ectron mcroscope resulted in confirmng that no new 15 crystal
defects were introduced into the GaAs | ayer and t hat good
crystallinity was naintained. -WBONng an Si substrate with an
oxide filmas a support substrate, GaAs on the insulating filmwas
al so able to be fabricated in the same manner. 20 At the
sane tinme, the porous Si and oxidi zed porous Si |ayer |left on the
first substrate side was al so subjected thereafter to sel ective
etching with into &wot substrakeshaffext ore bengei oRhef S8PaFRESHr of | uori c
acid and 30 % hydrogen peroxide sol ution, Single- 25 crystal Si was

|l eft without bebngfacereWeranabfprNefqeshowing that khe, 9§P§Fagi as a

material of etch stop the porous i anpd oxidi ze orqQus _Si | ayer was
sel ectively etcn@gtign waspfound to rema?n agmost Qn 1%sporgglpai y to

be renoved completely. Thus, the first substrate of . _nal e-crystal S
was able to be petey¥hile,pereps Si of % oﬂ?fﬁﬁyéﬁdPoF§F%8E§t§Bg
(Exanmple 14) 5 Pr red was a p-type or n-type 6-inch-dianeter
first (1007 sin§*§g§F§%F§1%@%ZSUbstrate havi ng t he t hi ckness of 625
pm and the specific rgsist of ,Q lléﬂﬁ G194 2zl ddroi@s si
%%ﬁ&i%ﬁ%%,_kﬂ%‘%ﬁgaus.81 ' lo f gor

subj ected to anodi zatl ution e conditions for the
anodi zation vwer§ sy Mnairdidd ¥ the second substrate side was

subjected to selective etching with agitation in the

mixture solution of 49 % hydrofluoric acid and 30 %

10 hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely.

15 The etch rate of non-porous Si single crystal by
the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount

20 thereof was practically ignorable (about several ten
angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.1 pm on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed

25 were measured at 100 points across the entire surface,
and uniformity of film thickness was 101 nm + 3 nm.

Further, it was annealed at 1100 °C in hydrogen



Current density: 7 (mA.cnferr]) Anodi zati on sol ution:

HF: H20: C2H5C0H = 1:1:1 Time: 11 (mn) Thi ckness of
porous Si: 12 (pm) 15 Porosity: 4591% This substrate
was oxi dized at 400 C in an oxygen anbi ent for one hour. This

oxi dation caused a thermally oxidized filmto cover the internal
wal | s of pores of porous Si. Single-crystal Al GaAs was 20
epitaxially grown in the t hi ckness of 0.5 pm on porous S| by the MBE

(Mol ecul ar Beanfﬁﬁl?ﬁ%y?°BFoce§§rfa°e roughnessgy a§u??%%%35?dt%%t9dﬁgﬁs

| ayer was laid o W th g Igurface of a gl ass
t

subst rat o $RoREE rarca ult s?afé‘g#’“t&c et BP o TR ca (or 2
emoved by ot cnERgoniRERoy "k Fadtkh B haGeRe hRlerprorindefl

renoved by etchi re y exp

- 84 - Th d d at
0. % 8H em}é@ﬁf&arggtpg% agéra%%f ?éf&i-é? a

700 C, and it was dlvrde per ayer into two

substratessafteeohﬁgraggii d08ilable.Separated surfaces were observed,
showi ng that the cen?ra portion was found to remain alnost in its

or | %! nal state whi I eopEevatbnobst Beowsf secsidf with tRertaeRsmesschanged
to siderrl. electron microscope resulted in confirming that no new
crystal defects were introduced into the Si 1éyer and
that good crystallinity was maintained.

10 At the same time, the porous Si and oxidized
porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution of 49 % hydrofluoric
acid andf30 % hydrogen peroxide solution. Single-

15 crystal Si was left without being etched, and with the
single-crystal Si as a material of etch stop the porous
Si and oxidized porous Si layer was selectively etched
to be removed completely. After polished, the first
substrate was able to be put intoc the process as a

20 second substrate this time.

(Example 17)

Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0:01

25 2.cm, and it was subjected to both-face anodization in
HF solution. The conditions for the anodization were

as follows. The both-face anodization was carried out



After that, the porous Si and oxidi zed porous Si | ayer remai ning on
‘the second substrate side was 10 subjected to selective etching with
agitation in the m xture sol uti on-00249 % hydrofl uoric acid and 30 %
hydr ogen peroxi de solution. Single-crystal Al GaAs remai ned w t hout
bei ng etched, and with the single- crystal Al GaAs as a material of
etch stop the porous Si 15 and oxi di zed porous Si | ayer was sel ectively
etched to be renoved conpl etely. The etch rate of

non- por ous Al Gfacesibylfaas fiarall minutesy eagh.ect chant was extrenmely | ow
and the selectivity of the etch rate of the porous |ayer thereto was
even 10[err] 20  Gruente denpidivef &  MPe ABEC) ease in fil mthickness of

t he non-porous |ayer was so small that the etch anmount .4.q Lhereof was
practical Iy i gnor ablAnqdiFaticnwalution; HF 1 H0: GollOf, spdyrl:1

Nanely, the single-crystal Al | ayer having the 25 t hi ckness of 0.5
pm was formed on thé”é? ; sllsdbz r(é‘l‘é%/) Observation of cross
section with the tragsm.ssion el r ] scope resulted in
confirm ngéthat no %#kness of porofs Hi! T2 (ks - 85 -

crystal defects mr%éfgé%c%i(gp the Al GaAs |ayer and t hat good
crystallinity was mal ntal ned. After renoving the residual porous
Siand oxidized ThPO' QiiSsHatdWpds ShLaf2Ed 38€ 460 11E fh T Skygdmyl e-
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
10 pores of porous Si. Single-crystal Si was epitaxiaily
grown in the thickness of 0.15 ym on each porous Si
layer by the CVD (Chemical Vapor Depositioh) process.
The growth conditions were as follows.
Source gas: SiH,Cl,/H,
15 Gas flow rate: 0.5/180 1/min
Gas pressure: 80 Torr
Temperature: 950 °C
Growth rate: 0.3 pm/min
Further, an SiO, layer of 100 nm.was formed over
20 the surface of each epitaxial Si layer by thermal
oxidation.
The surfaces of the SiO, layers were laid on and
made into contact with respective surfaces of two Si
substrates (second substrates) with an SiO, layer of 500
25 nm formed thereover, separately prepared. After

contact of the surfaces, the Si0O, layers of 100 nm and

the epitaxial Si layers were removed by etching on the



5 crystal substrate was polished into a mrror surface and

thereafter the first substrate was again used as a first S
single-crystal substrate. (Exanpl e 1®3 - Prepared was a
p-type or n-type 6-inch-dianeter 10 first (100) single-crystal S
substrate having the t hi ckness of 625 pm and the specific resistance
of 0.01 [err].cm and it was subjected to anodization in HF
solution. The conditions for the anodization were 4)(% 15
Current densi tysmie (W@ﬁ%r‘?ﬁ ythe bonding w z"g't’rq}'h LRAWeD Ehe

HF: H20: C2H50H = 1 Time: 11 (n1n) Thi ckness of
porous Si: 12 ( &0t porous S*brosity 15 (% 20 This substrate

gliisldgi(: ;inzggugtedAfgo '{,hé r‘lo'f%’g'?%gvﬁof(g Fﬂs 2293 c?Lgi')dtlo cover ﬁtgo Welr n:'!l_lhi >
\é\?ov; ion t he th?&‘ﬁ:]ggs&% pz@i\?@ %%%%?%&C@S% ;ﬁér&g% ﬁ)li%%mgm cal

Vapor Depogi t | om&? a‘iﬁé su@&a%@avt—&ter one Q! | omevx?éﬁa@&téa)l I ows.
Source gas: SiH2
Gas flow rate: Qubtd88s did observed, showing that the central
portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO,.

10 After that, the porous Si and oxidized porous Si
layers left on the side of the two second substrates
were subjected to selective etching with agitation in
the mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained

15 without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layers were selectively etched to be removed
completely.

The etch rate of non-porous Si single crystal by

20 the etchant was extremely low and the selectivity of
the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten

25 angstroms).

Namely, the single-crystal Si layer-was formed in

the thickness of 0.1 uym on the Si oxide film. Film



Gas pressure: 80 Torr Tenperature: 950 [err]C G owt h

rate: 0.3 pmimn 5 Further, an Sigerr] layer of 100 nm was fornmed
over the surface of this epitaxial -Si94 ayer by thernal

oxi dat i on. The surface of the SiQ2 |ayer was laid on and nade
into contact with a surface of an Si substrate (second 10 substrate)
wth an Sierr] layer of 500 nm forned t hereover, prepared
separately. Si 3N4 was deposited in the t hi ckness of 0.5 pmat a

| ow t enper at ur Ehokrknrssra (pHkhe singlewrygtahSi layer ghug fpwmadr and

thereafter the Si3N4 | ayer of O. SCgm 15 and the Si O2 Irr%er of 100 nm
and the epi taxﬁﬁl‘—r%lmﬁ‘—%‘i}gfed at 10Q,poiptsaRrogs ithe At BHFATRY vaf er

were renoved t eby exposi ng the of Jporous Si
Wien Si3N4 s f%‘?qre‘&f‘i/ ?F%rg’re{ %f Q6% s:fer?m'to expand
than Si 3N4, stress ts,.Jdn the wafer pe, dike ]gﬁ§

peri pheral region o?ﬁwiﬁ%ﬁr it was %F*%%l??tégﬂ% é%cﬁér 6§#ﬁthe
wedge eff ect by. ati f

pyr o- oxi d| zed foﬁo%e I%%f Q&face r%luqhness ‘ng de per%cﬁy in ?he
porous Si |ayer tgﬁﬁc f6 é’ﬁfﬁk é 3ie fﬁéefogtamégwrsqugyg separ at ed

surfaces were o served ow ng that” the central portion was found
to remain a'nDSfou@hhé§s0£hgénﬁeglon 50 pym square was approximately - 87

0.2 nm, which was equivalent to those of Si wafers
commercially available.

10 Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

At the same time, the porous Si and oxidized

15  porous Si layer left on the first substrate side was
also subjected thereafter to selective etching with
agitation in the mixture solution Qf 49 % hydrofluoric
acid and 30 % hydrogen peroxide solution. Single-
crystal Si was left without being etched, and with the

20 single-crystal Si as a material of etch stop the porous
Si and oxidized porous Si layer was selectively etched
to be removed completely. After polished, the first
substrate was able to be put into the process as one of
the second substrates this time.

25 (Example 18)

Prepared was a p-type or n-type 6-inch-diameter

first (100) single-crystal Si substrate having the



state while porous Si of the wafer side surface was changed to

Sierr]. The Si3N4 |ayer on the back surface may or may not be
renoved. After that, the porous %b and oxidi zed porous Si 5
l-ayer remai ning on the second substrate side was subjected to
selective etching with agitation. in the m xture solution of 49 %
hydr of luoric acid and 30 % hydr ogen peroxi de sol ution. Single-crystal
Si renmai ned - wi t hout being etched, and with_ the single-crys ah Si as
10 a mat er i althdckaess ofof2bhum)angd ths; spRELEIFgregystance B%r s si

| ayer was sel ectively etched to be renov

d )
The etclh riate oP(;ﬁB‘n- BP0 8i0:; HyYer c? <199 o) Vggs”%g{"?%e YRt was
extrenely | ow tg tivi . h :
| ayer thereto 3%%11‘ g S%%%elo\g tbx' %}'err%“r%&. ofh'gggﬁ%?'é, rgﬂe é‘?ﬁ“eggg‘sf)ﬁ’é |glsm

t hi ckness of 4o gH_l_%dwq_gl— Hogﬁo&%li{g%‘ﬁ[ i}g@éergg?s?g%hcggal Lhesgteh anount

t hereof was pra I gnorabl & ( angstrons). 20
Namel y, the singligycr o1 rANBlon'RD IR SE 100 kev dppdildd.ckmeds of
0.1 pmon the Si%(;%% (%% %cm E! I'm or tt?:@(;knesses of the single-crystal
Si layer thus fQdRfited in FUFMAAPE Potbud stAUcteire Sradhes Gepth Ot ire

surface, and uniformty of filmthickness was 101 nm 3 nm 25
Further, it was qied o i vBhQfw [1Hd |Surfadey Gyogelium bublles.one hour.
Surface roughness was eval uated with an atom c force mcroscope and

the root mean square The surface of this SiO, layer was laid on and made

into contact with a surface of an Si substrate (second

10 substrate) with an Si0, layer of 500 nm formed
thereover, separately prepared. After contact of the
surfaces, the SiO, layer of 100 nm and the epitaxial Si
layer were removed by etching on the side surface of
the bonding wafer, which exposed the edge of porous Si.

15 The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer
into two substrates after one hour. The separated
surfaces were observed, showing that the central
portion was found to remain almost in its original

20 state whiie porous Si of the wafer side surface was
changed to SiO,.

After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the

25 mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained

without being etched,. and with the single-crystal Si as



-. 88 - roughness in a region 50 pm square was approxi mately

0.2 nm .which was equivalent to those of Si wafers comercially

avai |l abl e. Cbservation of cross section with the transmssion 5
el ectron microscope resulted in confirmng that no new crystal
defects were introduced into the Si |ayer and that good crystallinity
was mai nt ai ned. At the sane tine; the porous Si and oxidized
porous Si layer left on the first substrate side was 10 al so subj ected

thereafter to seleetdve LIEH ENiddbp the pAthisiidOand dbirdiged ure
solution of 49 % hydrofluoric acid and 30 % hydrogen peroxi de

sol ution. Si ng'ﬁﬁbrous Si Tdyst has seBsctBid1yidtendd beo Nee efetieekd and wi th
t he single-crystal SI as a nmaterial of etch stop the porous 15

Si and oxi di zedcdpTaely. | ayer was sel ectively etched to be renoved
conpletely. Thus, the first substrate of single-crystal Si was able

to be put again intorhdéeetch rateondHusoneyeroisrdi neingle. crystal B¥Exanpl e

16) 20 Prepared was a p-type or n-type 6-inch-di aneter

first (1005 sinthe-etghant @issedtrenely hbow nand Hehe selecthvikyie®E of 625

pm and the specific resistance of 0.01 [err].c and it was

subj ected to anbtaezet¢fbnrakeHpf the poxeus:layer rehai vasneven, 10he

anodi zation were as . . .
or more. Therefore, a decrease in film thickness of

the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
10 angstroms).

Namely, the single-crystal Si layer was formed in
the thickness of 0.5 uym on the Si oxide film. Film
thicknesses of the single-crystal Si layer thus formed
were measured at 100 points across the entire surface,

15 and uniformity of film thickness was within %3 %.

Further, it was annealed at 1100 °C in hydrogen
for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pm square was approximately

20 0.2 nm, which was equivalent to those of Si wafers.
commercially available.

Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and

25 that good crystallinity was maintained.
(Example 19)

Prepared was a p-type or n-type 6-inch-diameter



25 fol | ows. Current den5|ty 7 (M. cnferr])
Anodi zation sol ution: HF. H2O C2HS5CH = 1: 1:

- 89 - Time: 11 (mn) Thi ckness of porous Si: 12
(pm Porosity: 15 (% %%IS substrate was oxi di zed at
400 [err]C in an oxygen 5 anbi ent for one hour. This oxidation caused
a thermally oxidized filmto cover the internal walls of pores
of porous Si. Single-crystal Si was epitaxially grown in the

Lhi ckness of 0. 1pspgt 00100y Obndieiryitel s1 sEMBKLHEhainyaons
Deposition) process growt h conditions were as fol

Source gas: Si H2¢h2¢kiBess of 625 pmcaﬁdftm@/éﬁ@@ifﬂc5fééﬁb&éﬂ¢é of 0.01

Gas pressure:
Gow h rate:
formed over
oxi dati on.
made 20

80 Torr Tenperature: 950 [err]C 15
0. 3qpeni and it was subfecté@rtoaan&liiRathbgerinfHRE0O0 nm was
the surface of this epitaxial Si layer by thermnal
solutioiibe BhefeordbtidhssfGr CEheranddizativons werd as and
into contact with a surface of an Si substrate (second

substrate) &ith &al¥peerr] | ayer of 500 nm forned

10

15

20

25

Current density: 7 (mA-.-cm™?)

Anodization solution: HF:H,0:C,H,OH = 1:1:1

Time: 11 (min)

Thickness of porous Si: 12 (pm) |

Porosity: 15 (%) |

This substrate was oxidized at 400 °C in an oxygen
ambient for one hour. This oxidation caused a
thermally oxidized film to cover the internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness of 0.15 pym on porous Si by the
CVD (Chemical Vapor Deposition) process. The growth
conditions were as follows.

Source gas: SiH,Cl,/H,

Gas flow rate: 0.5/i80 1/min

Gas pressure: 80 Torr

Temperature: 950 °C

Growth rate: 0.3 um/min

Further, an Si0, layer of 100 nm was formed over
the surface of this epitaxial Si layer by thermal
oxidation.

The surface of the Si0, layer was laid on and made

into contact with a surface of an Si substrate (second



t hereover, separately prepared. After contact of the surfaces, the

Si2 layer of 100 nmand the epitaxial Si | ayer were renoved by
etching on the side surface of 25 t he bondi ng wafer, which exposed the
edge -of porous Si. The bondi ng f'er was pyro-oxidized at 1000
[err] C and it was divided perfectly in the porous Si |ayer

- 90 - into two substrates after one hour. The separated

surfaces were observed, show ng that the central portion was found to

remain al nost ié‘uﬁéﬁrgéégiﬂf%% an si6] alaRyethidee SO Qi £rnitfa t he wafer side
5 iR, 2

surface was ~changed to o After that, the porous Si and
oxi di zed poroustRbrecover, | pY¥Epat&APE8pAPaLELY NCaf@CENEreabEef adepelde Was

subj ected to selective efching with agitation in the m xture sol ution

of 49 % hydrof | ygitsgachd 250030 4nhdl8ycleSYEFOLOD peeOXwde appliean.

Singl e-crystal Si renai ned wi t hout being etched, and with the

singl e-crystal fhe2éto to enRafitéethel bohdehghsstrengthempoeousFérthed,

oxi di zed porous Si |ayer was selectively etched to be renoved

conpl etel y5 15the Si0, Tdyertaf) 1G0 exmfambrthmrepiktakial B elayemsten by
~the etchant was extrenely |low and the selectivity of the etch rate

of the porous | &her stiler suvfage ofetheéOpending waferowergr sempNedePyre, a
decrease in filmthickness of
etching, thereby exposing the edge of porous Si.

The bonding wafer was pyro-oxidized at 1000 °C,
and it was divided perfectly in the porous Si layer

10 into two substrates after one hour. The separated
surfaces were observed, showing that the central
portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO,.

15 After that, the porous Si and oxidized porous Si
layer remaining on the second substrate side was
subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained

20 without being etched, and with the single-crystal Si as
a material of etch stop the porous Si and oxidized
porous Si layer was selectively etched to be removed
completely. |

The etch rate of non-porous Si single crystal by

25 the etchant was extremely low and the selectivity of

the etch rate of the porous layer thereto was even 10°

or more. Therefore, a decrease in film thickness of



t he non-porous | ayer was so small that the etch amount 20 t her eof was
practically ignorable (about several ten ~angstrons).

Nanely, the single-crystal Si |ayer was quqﬁﬁ-jn t he thickness of
0:1 pmon the Si oxide film Film t hiknesses of the single-crystal
Si layer thus fornmed 25 were neasured at 100 points across the entire
surface, and uniformty of filmthickness was 101 nm 3 nm :
Further, it was annealed at 1100 [err]C in hydrogen

- 91 - RS RN P us S Grd Usth N1 1aeh £ Al b dnfoirite
atom c force mcroscope and the root nean square roughness in a

regi on 50 pm sqQUEKErdES Wb pradBically igno¥ailan|abdut sewsraluteml ent to
those of Si wafers 5 comerci al ly avail abl e. bservati on of

Cross section w ahigéteoms pnsni ssi on el ectron mcroscope resulted in
confirmng that no new crystal defects were introduced into the Si
| ayer and t hat gamely; yehel single-oxpstal i lryer was formed pint he
sane tinme, the porous Si and oxidized porous Si layer left on the
first substBate theethbckness ofil @ol sumjertthe tFbresiderfimse BEinye
etching with _agitation in the mxture solution of 49 %‘diroflu ric
acid and 30 % hythigknepaesxpfcthe| singhe-cryghal Siclayer,thus Lerfed | eft
wi t hout being etched, and with the . .

were measured at 100 points across the entire surface,

and uniformity of film thickness was 101 nm * 3 nm.

Further, it was annealed at 1100 °C in hydrogen

10 for one hour. Surface roughness was evaluated with the
atomic force microscope and the root mean square
roughness in a region 50 pym square was approximately
0.2 nm, which was equivalent to those of Si wafers
commercially available.

15 Observation of cross section with the transmission
electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.

(Example 20)

20 Prepared was a p-type or n-type 6-inch-diameter
first (100) single-crystal Si substrate having the
thickness of 625 pm and the specific resistance of 0.01
Q.cm, and it was subjected to anodization in HF
solution. The conditions for the anodization were as

25 follows.

Current density: 7 (mA.cm™?)

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



si.ngle-crystal Si as a material of etch stop the porous Si and

oxi di zed porous Si |ayer was selectively etched to be renoved
conpletely. After polished, the first substrate was able to be put
into the process as a 20 second substrat®0this tinme. (Exanpl e
17) Prepared was a p-type or n-type 6-inch-di aneter

first (100) single-crystal Si substrate having the t hi ckness of 625
pm and the specific resistance of 0.01 25 [err].cm and it was subjected

to bot h-face anodizanfon |ri ) HF solution. The conditions for the
anodi zati on were %ﬂ Q%% The bot h-face anodi zation was carri ed

out . face by face for
11 m nutes each. Thic}meﬁur rRO%DenS|§1' 9]gz(ﬂ"mﬂcrr{ err]) Y

Anodi zati on sol ution: ;g%kﬁz Time: 11 x 2 (mn
5 Thi ckness 6? por o éﬁﬁqggr(pn) Porosity: 15 (&@ )
This substrate was oxtgliZesusdtf@te [Was]bxidi2dd Xy 0£00 °C in a@ibdRPFerh Or
one hour. This oxidation caused a thermally oxidized filmto cover
the internag wal 4fiboént lfor omeresus! pPrhdssofidatfongtausedsasal Si was
epitaxially ~grown in the thickness of 0.15 pmon each porous S

| ayer by the CVDchéheallgl oXa@bzedepbimttongopenctbe. internal walls of
pores of porous Si. Single-crystal Si was epitaxially
grown in the thickness. of 0.15 um on pofous Si by the
CVD (Chemical Vapor Deposition) process. The growth
10 conditions were as follows.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
Gas pressure: 80 Torrxr
Temperature: 950 °C
15 Growth rate: 0.3 ym/min
Further, an SiO, layer of 100 nm was formed over
the surface of this epitaxial Si layer by thermal
oxidation.
The surface of the S$iO, layer was laid on and made
20 into contact with a surface of an Si substrate (second
substrate) with an SiO, layer of 500 nm formed
thereover, prepared separately, and thereafter a
pressure of 1000 kg/cm’ was applied thereto at room
temperature perpendicularly to the bonding substrate to
25 enhance the bonding strength more. Further, the SiO,
layer of 100 nm and the epitaxial Si layer on the side

surface of the bonding wafer were removed by etching,



The growm h conditions were as foll ows. Sour ce gas:

- SiH2C [err]/Herr] 15 Gas flowrate: 0.5/180 1/mn Gas
pressure: 80 Torr Tenper at ur e: ggg [err]C - G owt h
rate: 0.3 pnimn “ Further, an Si | ayer of 100 nm was for ned
over 20 the surface of each epitaxial Si |ayer by thernmal

oxi dati on. The surfaces of the SiQ2 | ayers were laid on and
made into contact with respective surfaces of two Si substrat es

(second substr al esd it N.g0o51.% LAYSagh 58%oRbus s formed ther cover,

separately prepared. contact of the surfaces, the SiQ2 | ayers

of 100 nmand $HE FBAGEXS HNafbr | RYE' Sy ¥ELSxi@IBEE@adYIB0C @Y On the
- 93 - side surface of the bondi ng wafer, which exposed the

edge of porous Shng it was divi#édbpagresty@ien ¥R Pyrousxsili regent 1000
[err] C and 1t was divided perfectly in the porous Si layers 5

into three substjat8strbt substLabesr aftdheonepadat ed The sepsratedes were
observed, show ng that the central portion was found to remain

al nost in iBs orsgrfates were sbateved| | shpwingstisatotheheenbftal side
surface was changed to Si(Jerr].
portion was found to remain almost in its original
state while porous Si of the wafer side surface was
changed to SiO,.
After that, the poréus Si and oxidized porous Si
10 layer remaining on the second substrate side was
subjected to selective etching with agitation in the
mixture solution of 49 % hydrofluoric acid and 30 %
hydrogen peroxide solution. Single-crystal Si remained
without being etched, and with the single-crystal Si as
15 a material of etéh stop the porous Si and oxidized
porous Si layer'was selectively etched to be removed
completely.
The etch rate of non-porous Si single crystal by
the etchant was extremely low ahd the selectivity of
20 the etch rate of the porous layer thereto was even 10°
or more. Therefore, a decrease in film thickness of
the non-porous layer was so small that the etch amount
thereof was practically ignorable (about several ten
angstroms). |
25 Namely, the single-crystal Si layer was formed in
the thickness of 0.1 ym on the Si oxide film. Film

thicknesses of the single-crystal Si layer thus formed



10 After that, the porous Si and oxidi zed porous Si | ayers
| eft on the side of the two second substrates were subjected to
selective etching with agitation in - At _m xture solution of 49 %
hydrof l uoric acid and 30 % hydr ogen “per oxi de sol uti on.
Single-crystal Si remanined 15 wthout being etched, and with the
single-crystal Si as a material of etch stop the porous Si and

oxi di zed porous Si |layers were selectively etched to be renoved

conpletely. were meastPedea€h100t po2htBOACRPEESUEhE ehithgbestt¥atal by
20 the etchant was extrenely |low and the selectivity of t he etch

rate of the porand hajEbrimheycds BhAImethicklbss was 100 nmre. 3Thmicefore, a
decrease in filmthickness of - the non-porous |ayer was so small that
t he etch anount Furtherg¢of twaaspanoeatell gti §200ableipabydirogeneral ten
25 angstrons). Nanely, the single-crystal Si |ayer was
fornmed in forhenehhokmessSurfece peughness 8asogivadupited wiithnthe

- 94 - t hi cknesses of the single-crystal Si |ayer thus forned

wer e neasuPed agtomdcpdprce micsoscope and thesgppicmean squazed uniformity
of filmthickness was 101 nm 3 nm Further, it was anneal ed at
1100 [err] C i n FpYebHess in a regigRe SRoii SAUFFLa VS, FRERREIDakEdY

eval uated wth (g 1 1 3LRMS ! 8LES TN GOPLANd Lo ok L5a sauare

commercially available.
Observation of cross section with the transmission
10 electron microscope resulted in confirming that no new
crystal defects were introduced into the Si layer and
that good crystallinity was maintained.
In each of the examples described above, the
epitaxial growth on porous Si can be carried out by
15 various methods including the MBE process, the sputter
process, the liquid phase growth process, etc. as well
as the CVD process without having to be limited to the
CVD process. Additionally, the selective etching
solution of porous Si is not limited to the mixture
20 solution of 49 % hydrofluoric acid and 30 % hydrogen
peroxide, but may be a mixture solution of hydrofluoric
acid and alcohol (ethyl alcohol, isopropyl alcohol,
'etc.), a mixture solution of buffered hydrofluoric acid
and hydrogen peroxide, or a mixture solution of
25 buffered hydrofluoric acid and alcohol. Further,
porous Si can also be selectively etched with a mixture

solution of hydrofluoric acid, nitric acid, and acetic



roughness in a region 50 pm square was approxi mately 0.2 nm which
was “equi val ent to those of Si wafers comercially available. 10
Qbservation of cross section with the transgpgsion el ectron

m croscope resulted in confirmng that no new crystal defects were
introduced into the Si |ayer and - that good crystallinity was

mai nt ai ned. At the sane tine, the porous Si and oxidized 15
porous Si layer left on the first substrate side was al so subj ected
thereafter to saleidd ihecaisHEiof) itd lenormous aginfHcoareat heMirtine e
solution of 49 % hydrofluoric acid and 30 % hydrogen peroxi de

sol ution. Singl ecatios of cthemixigirevsplutiong manitbeheielk) anrkitkrhridyw with
the 20 single-crystal Si as a material of etch stop the porous

Si and oxi di zed 3Rt RECEBRTI¥wer was sel ectively etched to be renoved
conpletely. After polished, the first substrate was able to be put
into the process as OMe dther stepscan PP RHFIHRA 191t yndRr 25

(Pl SonyB i ngratays P LSt b i, o WP el B0 b o
- 95 - t hi ek 625, d t.h yeci fi i st f 10
[err].cm and anc%#%zgf‘g@%?é%%cﬁ%%ra]aﬁn%%hﬁeoﬁiv% oI C?‘rﬁqgﬁlss‘ anee gurface

t hereof by thermal oxidation. Heliumions were




inplanted in 1 x 10[err]/cnferr] into the principal su |

accel eration voltage of 100 keV applied. This re ' ' a
porous structure in the depth of near ﬁ45_pn1belo Eﬁ ﬂ“ HH ﬂm
hel i um bubbl es. The surface of tHits Sigerr]'s L on

and nade into contact with a surface of an Si slubstrate (second 10
substrate) with an SiQ2 |ayer of 500 nm f ornmed t hereover, separately
prepared. After contact of the surfaces, the SiQ2 |ayer of 100 nm

and the epitaxi Hé% IS CLAIMEY S&fgyere renoved by etching on the side
surface of W t he %a%d?ng véziﬁ, whi ch exposed the edge of porous Si

15 The bondi ng_wef ef4 é’ﬂ&i%&é@g &t ddfedsdvdfor and

it was divided perfectly in the porous | ayer into two substrates

after one hour. dJiwsErPed at@fbrising: surfaces were observed, show ng that
t he central portion was found to remain alnost in its original 20

state while porous Siao§tépecofabendingeasprinctpahssurface shaageiirsd Si C2.
After that, the porous Si and oxidi zed porous Si | ayer remai ning on
t he second Substsabstsate tasa principabj sutface cof checsecond esubshyatet h
agitation in the 25 m xture solution of 49 % hydrofluoric acid and 30 %
hydr ogen peroxi deatd| firsh. s@bstraterbeing an $itnavhstrate in yhiabuatbei ng
etched, and with the single-crystal Si as . .
- 96 - least one layer of non-porous thin film is formed
through a porous Si layer:;
a step of exposing said porous Si layer in a side
10 surface of a bdnding substrate comprised of said first
substrate and said second substrate:;
a step of dividing said bonding substrate in said
porous Si layer by oxidizing said bonding substrate;
and
15 a step of removing a porous Si and oxidized porous
Si layer on said second substrate separated by the

division of said bonding substrate in said porous Si

layer.

20 2. A fabrication process of semiconductor
substrate comprising:

a step of bohding a principal surface of a first
substrate to a principal surface of a second substrate,
said first substrate being an Si substrate in which at

25 least one layer of non-porous thin film is formed
through a porous Si layer and in which said porous Si

layer is exposed in a side surface thereof;



a.material of etch stop the porous Si and oxidi zed porous Si |ayer

was. sel ectively etched to be renoved conpl etely. The—et ch
rate of non-porous Si single crystal by 5 5the e ly | ow
ahd the selectivity of the etch rate H°the piﬂmwmuﬂ“mﬂi’?o was
even 10[err] or nore.- Therefore, a decrease in*ifmthixckmress of

t he non-porous |ayer was so snmall that the etch anbunt t her eof was
practically ignorable (about several ten 10 angstrons).

Nanely, the single-cr e%-%pm%flz!qq)r(nﬁrqﬂ@s d0/d¥briding substiradd RinClgagss of

0.5 pmon the Si oxi t hi cknessés of the single-crystal

Si layer thus f%drﬁqls Si lay¥ q)fyT;igi’aglildiQ.q__ng( al Yoriding subtretd he entire

surface, 15 uniformty o m t hi ckness was within 3 %
Further, it vas cuaalsh df BEQ [farrdtC substudigamd said demordhe hour.

Surface roughness was evaluated with the atom c force m croscope and
the root nean sEiM<£Lrate; addughness in a region 50 pm square was
approximately 20 0.2 nm which was equivalent to those of Si wafers
commer ci al |5/ avai | ablee.step of removiGiger \poraus &i @k Pristiidesh pdndus he
transm ssion el ectron mcroscope resulted in confirmng that no new
crystal defects Sierkayen ronlgaidl isrepnd sustrats serprated by Hde good
crystallinity was naintai ned. (Exampl e 19 Prepar ed was
a p-type or n_ty@*y;si¢m¢pﬁ“qgﬁgEyonding substrate in said porous Si
layer.
10 3. The fabrication process of semiconductor

substrate according to Claim 1 or Claim 2, wherein
after removing the porous Si and oxidized porous Si
layer on the first substrate separated by said division
of the porous Si layer, the first substrate is again

15 used as a raw material for said first substrate before

bonding.

4. The fabrication process of semiconductor
substrate according to Claim 1 or Claim 2, wherein
20 after removing the porous Si and oxidized porous Si
layer on the first substrate'separated by said division
of the porous Si layer, the first substrate is again
used as a raw material for said second substrate before
bonding.
25
5. Tﬁe fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein at least



- .97 -

first

(100) single-crystal Si substrate uav..g t.e

t hi ckness of 625 pm and the specific resistance of 0 r
and it was subjected to anodization in HF soIJ ﬂ” H|<3ns
for the anodi zation were as 5 fol | ows™ 106 - 7

(mA cnfer
Time: 11

r])

(mn)

Porosity: 15 (%

an oxygen

thermal |y oxidiz

porous Si.

Si ngl

of 0.15 pm on porous Si

process.
gas: SiH2
pressure:

forned ov

Anodi zati on sol ution: HF: H20 C2H[err]CH = 1: 1
Thi ckness of porous Si: 12 (pnm) 10
This substrate was oxidized at 400 [err]C in

r??. m to cover thﬁ:lgl n&}{r"}a&&l Itl!sé)or};focﬁlj‘é%eqﬂ'ﬂ:m“rgeh N
pordus’

o | t ckness
b Lyt o R Y tho Fkincd ;g‘[f}%?éi% fgfn)

The gr gdig first sﬁiﬁﬁﬂd'@%ﬂ&?réﬂaﬁf ééﬂdrﬁi"’ssubstrate is Source

a2/ H2

Gas flowrate: 0.5/180 1/mn 20 Gas

80 TolWonded to each BRI Wws fEhdigidl Gurfaces. G owt h
rate: 0.3 pnimn

ers

oxi dati on.

10

15

20

25

t he
6.

Further, an Sierr] layer of 100 nm was
surface of this epitaxial Si layer by thermal 25
The surface of the SiQ2 | ayer was laid on and nade

The fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein said non-

porous thin film is a single-crystal Si layer.

7.

The fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein said non-

porous thin film comprises an oxidized Si layer and a

single-crystal Si layer.

8.

The fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein said non-

porous thin film is a single-crystal compound

semiconductor layer.

9.

The fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein said

second substrate is an Si substrate.

10. The fabrication process of semiconductor

substrate according to Claim 1 or 2, wherein said

second substrate is an Si substrate in which an

oxidized Si film is formed at least on a principal



into contact with a surface of an Si substrate (second
- 98 - substrate) with an SiQ2 |ayer of 500 nmfo

t her eover, prepared separately, and thereaﬁkﬁy -a pul se e of 500
V and cycles of 100 nsec was applied thereto to Hmm MM

strength nore. Further, 5 the SiJerr] layer of 100 nm an X|al
Si layer on the side surface of the bonding wafer were renoved by
etching, thereby exposing the edge of porous Si. The bondi ng

waf er was pyro- gurdagedtat béOpéndedt ] C and it was divided perfectly
in the porous Si layer 10 into two substrates after one hour. The

separ at ed surfaces were observed, showi ng that the centra

portion was found to remain alnost in its original state while
porous Si of the waf&l.si thesfiabutcatdon procesghaﬁgeemtgoeﬁuﬁtor15

After that, the porous Si and oxidized porous Si | ayer remaining on

t he second subsspbssretgcaggerding tOsGEPé@t d°FozseWE€F?%E g8dfling with
agitation in the m xture solution of 49 % hydrofluoric acid and 30 %
hydr ogen p8roxi 8ecepiusnbrtratagis- ar pight SFaPﬁﬁégﬁBH SYRSTI{ELnout bei ng
etched, and with the single-crystal Si as a material of etch stop

the porous Si and oxi di zed porous Si | ayer was selectively etched to
be renmoved

12. The fabrication process of semiconductor
substrate according to Claim 5, wherein said second
substrates respectively bonded to the two principal

10 surfaces of said first substrate are those selected
from Si substrate, Si substrate with an oxidized Si
film formed at least on a‘principal surface to be

bonded, and light transparent substrate.

15 13. The fabrication process of semiconductor
substrate according to Claim 12, wherein the second
substrate bonded to one principal surface of said first
substrate and the second substrate bonded to the other
principal surface thereof are made of respective

20 materials different from each other.

14. The fabrication process of semiconductor
substrate according to Claim 1 or 2, wherein a Surface
flattening process in a direction spreaded with the

25 principal surface of the second substrate is carried
out after removing said porous Si and oxidized porous

Si layer.



conpl etel y. The etch rate of non-porous -Si_single crystal by
25 the etchant was extrenely | ow and the selectivit

| | of the etch
ate of the porous Tayer thereto vas even o5 — o NI oo

*

t he non-porous |ayer was so small that the etch anmount “ thereof* was
practically ignorable (about several ten angstrons) .
Nanely, the single-crystal Si layer was formed in 5 t he thickness of

0.1 pmon the Si oxige, fitha fdbtitation proEHESSESs@nichedettgte- crystal
Si layer thus forned were neasured at 100 points across the entire

surf ace, Suss tird €O diddordind i ton chanknbss wikerdid said 3sunface
Further, it was annealed at 1100 [err]C in hydrogen 10 for one hour.
Sur f ace roughnestkatbsningl podeessi id ammealing imtami ampbent nmicroscope and
t he root mean square roughness in a region 50 pm square was
approxi mat el y contaigingnhydmwbgen. was equi val ent to those of Si wafers
commercially available. 15 ' bservation of cross section with the

t ransm ssi @n el ectron mcroscope resulted in confirmng that no new
crystal defects were_introduced into the Si |ayer %nd , t hat good
crystallinity was natftai feg. fabricatien prpgesg)ot semiconductor

substrate according to Claim 1 or 2, wherein removal of
said porous Si and oxidized porous Si layer is
selectively carried out by soak in either one of

10 hydrofluoric acid, a mixture solution in which at least
one of alcohol and hydrogen peroxide solution is added
to hydrofluoric acid, buffered hydrofluoric acid, and a
mixture solution in which at least one of alcohol and
hydrogen peroxide solution is added to buffered

15 hydrofluoric acid.

-17. The fabrication process of semiconductor
substrate according to Claim 8, wherein removal of said
porous Si and oxidized porous Si layer is carried out

20 by selective chemical etching of porous Si with an
etchant having a faster etch rate of porous Si against

a compound semiconductor.

18. The fabrication process of semiconductor
25 substrate according to Claim 1 or 2, wherein removal of
said porous Si and oxidized porous Si layer is carried

out by polishing the layer, using said non-porous thin



20 Prepared was a p-type or n-type 6-inch-di aneter first

(100) single-crystal Si substrate having the t hi ckness of m

the specific resistance of 0.01 - [ecripem. and it ] ec ‘o

ahodi zation in HF solution. The conditions f “\\ﬁ‘ & wer e
) s *

e
as. 25 fol | ows. Current density: 7 (mA \“‘\\lm\
Anodi zation solution: HF. 2O CHerr]OH = 1:1:1 ﬁ\ VL

was forned over

10

15

the substrates into close contact with each other.

20. The fabrication process of semiconductor
substrate according to Claim 1 or 2, wherein bonding of
said first substrate to said second substrate is
carried out by a ﬁethod selected from anodic bonding,

pressing, annealing, and combinations thereof.

21. The fabrication process of semiconductor
substrate according to Claim 1 or 2, wherein formation
of the non-porous thin film on the porous Si layer is

carried out by performing anodization of an Si

substrate to form porous Si and thereafter forming a

20

25

non-pofous thin film on said porous Si.

22. The fabrication process of semiconductor
substrate according to Claim 1 or 2, wherein formation
of the non-porous thin film on the porous Si layer is
carried out by implanting ions of at least one element
of rare gases, hydrogen, and nitrogen into an Si

substrate to form a porous layer in a certain depth

from a surface thereof.

and

- 100 - Time: 11 (mn) Thi ckness of porous Si: 12
(pmM fAdmosd \a stoppdr. This substrate was oxidi zed at
400 [err]Cin an oxygen 5 anbi ent for one hour. This oxidation caused
a thermally oxidized filmto cover the internal walls of pores
of porous Si. Single-crystal Si was epitaxially grown in the

t hi ckness of 0.15 pmith pdhausfadirigation processypf gamiaandughnan

Deposi tion) process. The growh 10 conditions were as follows.

Source gas: SiHXybsirate according dgy Glaig (g %, whexeify fopding of
Gas pressure: 80 Torr,_, Tenperature: 950, [ernr].C 15,

Gowth ratd 0 B fiFst substrate g Sajd SeroRdyHASETakR L% mIedshm



the surface of this epitaxial Si |ayer by thermal oxi dati on.
The surface of the SiQ2 |ayer was |laid on and nade W th

a surface of an Si substrate (second 15 bstrate) H er
of 500 nm for ned t her eover, prepared separ at el ynmm\\mmﬂaml m
pressure of 1000 kg/cn2 was applled thereto at room enper atsur &
perpendicularly to the bonding substrate to 25 enhance the bondi ng
strength nore. Further, the SiQ2 | ayer of 100 nm and the epitaxial
Si layer on the side23, Thétfész%aﬁldm@msﬂwﬂ@eﬁrim@dwved by

et chi ng, - 101 - t her eby
exposi ng t he edgub¥trfedirccddrding to Claimllle d0 Rl nherdiar Swarsnation

pyr o- oxi di zed at 1000 [err]C, and it was divided perfectly in the
porous Si |ayer of the indro-gomous timatfid mafdrerthenpdimus Sihelayggpari ed 5
surfaces were observed, showi ng that the central portion was found to
remai n al nost i rcanmsiest igithdly anodizing ani8l syhstatessitaffarm awaf er si de
surface was changed to Sierr]. After that, the porous Si
and oxi di zé&d pormEOws Silolayer.ay@remaffateﬂ rprming NTRPEANS thhkR si de
was subjected to selective etching with agitation in the

m xture sol uti orfikm AN o5 RATANT ¥ A3XPBn P then implanting ions

of at least one element of rare gases, hydrogen, and

nitrogen through the non-porous thin film into said
porous Si layer so as to have a projected range thereof

10 in said porous Si layer.

24. The fabrication process of semiconductor
substrate according to Claim 21, wherein said

anodization is carried out in an HF solution.

15
25. The fabrication process of semiconductor
substrate according to Claim 1 or 2, wherein prior to
the oxidation of said bonding substrate, a layer of a
material having a smaller coefficient of thermal
20 expansion than Si is formed on at least one of outer

surfaces of said bonding substrate.



hydr ogen peroxi de solution. Single-crystal Si remained wi t hout bei ng
etsched, and with the single-crystal Si as 15 a material of etch stop

t he porous Si and oxi di zed porous-Siilayer was selectively etched to
be renoved conpl etely. The etch rate of non-porous S
single crystal by t he etchant was extrenely |ow and the selectivity
of 20 the etch rate of the porous |ayer thereto was even 10[err]

or nore. Therefore, a decrease in filmthickness of t he non- porous

| ayer was so sSABSTRAGH QHdTHE ANSGRASURE thereof was practically

| gnor abl e (about several ten ' angstrons). Nanely, the

single-crystal Si | 83Q% sikstatRs ane fabric%@ﬁ?tWﬂ?ﬂuﬁEﬁ?%ﬁ1QPq.pn1on t he

Si oxide film Film t hi cknesses of the S|nq:e CG¥St%1 Si | ayer thus
f or ned quality and with good reproducibjidgsity. e Ra%e neasur ed

at 100 points acyoss the entifre surface unifo of film
t hi ckness was 194"&ym Sa& of resourcesi:mq]é‘re(ﬁ}q%% %rﬁ%#%oa:ﬁ 1100

[err]C i n hydr for one Sur f ss was evaluated with
t he t om‘geqrho’r%eéd rﬁ%r%%%%epe € Iue arr%a)é;)tet r%e%uar e roughness
in a reg| on 50 pm sod?ﬂ:

equi val ent to those %‘ lg?gégxéme&ér:’r%}eclaa cf{r aval Igawt%%b%

Gbservati on of ﬁé&&fngse&tmhﬂ;s& tG-#4ANYE 51 Mikst substrate to a

princibal surface of a second substrate, the first
substrate being an Si substrate in which at least one
10 layer of non-porous thin film is formed through a
porous Si layer, a step of exposing the porous Si layer
in a side surface of a bonding substrate comprised of
the first substrate and the second substrate, a step of
dividing the porous Si layer by oxidizing the bonding
15 substrate, and a step of removing porous Si and
oxidized porous Si layer on the second substrate

separated by the division of the porous Si layer.

\__

This Sheet Has Been RT
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10 el ectron mcroscope resulted in confirmng that no new crystal
defects were introduced into the Si |ayer and t hat good
crystallinity was naintai ned. In each of the exanpl es descri bed
above, the epitaxial growmh on porous Si can be carried out by 15
vari ous nethods including the MBE process, the sputter process, the
| i quid phase growth process, etc. as mévﬁ7 as the CVD process w t hout
having to be limted to the ~ CVD process. Additionally, the selective
et chi ng solution of porous Si is not limted to the mxture 20
solution of 49 % hydrofluoric acid and 30 % hydrogen . per oxi de, but
may be a m xture solution of hydrofluoric acid and al cohol (ethyl

al cohol , isopropyl al cohol, etc.), a mixture solution of buffered
hydrof luoric acid and hydrogen peroxide, or a mxture solution of

25 buf fered hydrofluoric aefd and al cohol. Further, P 1S
can al so be selectively etchéd with a m xture sol ution of
hydrofluoric acid, nitric ag¢id, and acetic

- 103 - #:yzaacid becausq of its enornous surface area. M xture
rati os of tMe Wbt uré& sol uti le i1 ’W A H 1Ry .
The other steps can al so be cag{gy 1 o ; Slig ns13

wi t hout having to be limted f f ﬁpove

~exanpl es.

15

FIG. 2 [ | 16
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- 104 - - VWHAT IS CLAIMED I S: 1. A fabrication process

of sem conduct or substrate conpri sing: a step of bonding a
princi pal surface of a first 5 substrate to a principal surface of a
second substrate, said first substrate being an Si substrate in which -
at | east one | ayer of non-porous thin filmis formed t hrough a
porous Si | ayer; - a step of axbzsing said porous Si layer in a
side 10 surface of a bonding substrate conprised of said first
substrate and said second substrate; a step of dividing said
bondi ng substrate in said porous Si |ayer by oxidizing said bonding
substrat e; and 15 a step of renoving a porous Si and
oxi di zed porous Si | ayer on said second substrate separated by the
di vi sion of said bonding substrate in said porous Si | ayer. . 20

2. A fabrication process of sem conductor _ Substrate conprising:

a step of bonding a principal surface of a first substrate tz?zi -
princi pal surface of a second substrate, said first substr Bﬁing
an Si substrate in which at

FIG. 4

21

21

FIG. 5

FIG. 6 |

24



25 - |least one |ayer of non-porous thin filmis forned t hrough a

porous Si |ayer and in which said porous Si | ayer is exposed in a

si de surface.thereof; ' - 105 -

a step of dividing said bonding substrate in said porous Si |ayer by
oxi di zing a bondi ng substrate conprised of said first substrate and
sai d second substrate; and 5 /7 a step of renoving a porous Si
and oxi di zed porous Si layer on said second substrate separated by

t he di vi si on of said bonding substrate in said porous Si | ayer.
10 3. The fabrication process of sem conductor substrate
according to Caiml or aim2, wherein after renoving the porous S
and oxi di zed porous Si | ayer on the first substrate separated by said
di vi si on of the porous Si layer, the first substrate is again 15
used as a raw material for said #HTSU subsStrare berore pordi n

4. The fabrication process of gem conduct or NPNg tO
Claim1 or Claim2 wherein : after renoving the porous S

oxi di zed porofEYE; g

di vi si on

21

FIG. 8 -

23

V. »

o
AT TR TR AT

FIG. 9




of the porous Si layer, the first substrate is again used as a raw

material for said second substrate before - bonding. 25

5. The fabrication process of sem conduct or substrate according to
Claim1 or. 2, wherein at | east : one | ayer of non-porous
thin filmis formed through a porous Si |ayer on each of two
principal surfaces of said first fylystrate and said second substrate
S bonded to each of said two principal surfaces. 5 6.
The fabrication process of sem conductor substrate according to Claim
1 or 2, wherein said non- ‘porous thin filmis a single-crystal S

| ayer. 10 7. The fabrication process of sem conductor
substrate according to Claiml or 2, wherein said non- porous thin
filmconprises an oxidized Si |ayer and a single-crystal Si layer.
15 8. The fabrication process of sem conductor substrate
according to Claiml or 2, wherein said non- porous thin filmis a

si ngl e-crystal conpound

ORI
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sem conduct or | ayer. 20 9. The fabrication process of

sem conduct or substrate according to Claim1l or 2, wherein said
second substrate is an Si substrate. 10. The fabrication
process of sem conductor 25 substrate according to Claim1l or 2,
wherein said second substrate is an Si substrate in which an
oxidized Si filmis fornmed at .l east ondd bri nci pal

- 107 - surface to be bonded. - 11. The fabrication
process of sem conduct or substrate according to Claim1l or 2, wherein
said 5 second substrate is a light transparent substrate.

12. The fabrication process of sem conduct or substrate according to
Claimb5, wherein said second substrates respectively bonded to the
two principal 10 surfaces of said first substrate are those sel ected
fromSi substrate, Si. substrate with an oxidi zed Si filmfornmed at

| east on a principal surface to be bonded, and I|i ght transpar%]t

B Ny
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15 . 13. The fabrication process of sem conductor substrate

according to Claim1l2, wherein the second substrate bonded to one
princi pal surface of said first substrate and the second substrate
bonded to the other princi pal surface thereof are nade of respective
20 materials different fromeach other. 14. The fabrication
process of sem conduct or substrﬁf@’according to daim1l or 2
wherein a surface flattening process in a direction spreaded with
the 25 principal surface of the second substrate is carried out
after renoving said porous Si and oxidi zed porous Si | ayer.
- 108 - : 15. The fabrication process of sem conduct or
substrate according to Caim 14§ whererm sard surface =yt eni ng
process is annealing in an anbjent cont ai ni ng hydrogen. ~f&i-
16. The fabrication process of |sem conduct or substrate acqording to
Caiml or 2, hN T val of said porous Si and oxi di 4ed porous
Si layer is { ectfively sﬂ mﬂmmmﬁmHMEﬂ of,2 10
hydrofluoric acid, a mxture s & — 0 4,3f
al cohol and hydrogen peroxi de $HatFénaecbbledcisLLZIZZ7777 L5
AN
42
F/G 75 _ Ll L L L Ll Sl Ll L2222 222272277777 \43
T 45
144
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to hydrofluoric acid, buffered hydrofluoric acid, and a m xture
solution in which.at |east one of alcohol and hydr ogen per oxi de
solution is added to buffered 15 hydr of | uori ¢ aci d. 17.
The fabrication process of sem conductor substrate according to
Claim 8, wherein renoval of said /pﬂrous Si and oxi di zed porous Si

| ayer is carried out 20 by sel ecti vd Zheni cal etching of porous Si with
an etchant having a faster etch rate of porous Si against a
conmpound semni conduct or. . 18. The fabrication process of

sem conductor 25 substrate according to Caim1l or 2, wherein renoval of
said porous Si and oxidi zed porous Si |ayer is carried out by
polishing the | ayer, using said non-porous thin

- 109 - filmas a stopper. . ' 19. The fabrication
process of sem conduct or substrate according to Caim1l or 2,
wherei n bonding of 5 said first substrate to said second substrate is
maki ng the substrates into close contact with each other.

20. The fabrication process of sem conductor

Lk Ll l & L L Ll L0222 227227 207 777777

FIG. 19 -
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substrzate according to Caim1l or 2, wherein bonding of J@-«tesarv ijéﬁﬁE
substtate to said second substrate is carried out tyREPlﬁP&EMgN T
select ed from anodi ¢ bondiing, pressi ng, annealing, |afd conbi nati on$
t her eof .

substrate according to Claiml or 2, wherein formation

21. The fabrication,process of senifcd nob|§t‘ﬂ?1N 19¢7
of the

‘non-porous thin filmon the porous Si |ayer is car rji ee—eotut—by

perform ng anodi zation of an S
thereafter formng a
22. The fabricat FRBRPCAPEOR PROSESS CORCSEMDCONDUCTOR SSUBSTRABEaccor di ng to
of the non-porous thin filmon the
carried-out by inplanting ions of at |east one

Caim1l or

el ement 25

substrate to fBAOKGRPUNDUOF| @HBr INVENTE@Nt ai n dept h

t her eof .

fabrication prBéetd of thei Inventier

2, wherein formation
porous Si |layer is

substrate to formpgorous Si and

[Y (T i, o L)

non-porous thin filmon said porous S. 20

of rare gases, hydrogen, and nitrogen into an S

e

froma surface
-110 . - 23. The
substrate according to Caiml

or 2, wherein formation of the non-ﬁoggus thin filg1on he porous S
=Ppifar

| ayer is

car r TBE BTESBYtaABURRFAGR AR LR TeBLEPr &t &

"8 5

porous Si |ayer, thereafter form.ng.a Non: DRLOUS gﬁhn more filmon said

porous Si IayePF°ﬁﬁﬁstﬂgnsFﬁﬁFgﬂ?Pﬁﬁofoﬁgb

particularly, to a process for fabricating a single-
crystal semi&onductor on a dielectric isolation or an
insulator and a single-crystal compound semiconductor
on an Si substrate and further to a process for
fabricating a semiconductor substrate suitable for
electronic devices and integrated circuits made in a
single-crystal semiconductor layer.
Related Backérdund Art

Formation of a single-crystal Si semiconductor
layer on an insulator is widely kﬁown as Si On
Insulator (SOI) technology and many researches have
been accomplished thereon, because devices obtained
d@klizing the SOI technology have many advantages that
cannot be achieved by the normal bulk Si substrates fof
fabrication of Si integrated circuits. Namely, use of
the SOI technology can enjoy the following advantages,
for example. |

1. Diélectric isolation is easy and high
integration is possible.

2. Raaiatioh iesistance is high.

3. Stray capaditance is reduced and the operation

Voo 6 - teod

T



of at ,least one elenent of rare gases, hydrogén, and i €
the mon-porous thin filminto said porous Si |ayer sb BEPLAGEMENI SHE
prdfggted range t hereof 10 in said porous Si |ayer. 24 The

fabrication process of sem conductor - lllbstrate accofdin 49&6] iyqzm
21, wherein said gggghégtion is carried out in an HF gol*ution. 5
25. The féﬁﬁTBﬁFWoﬁFppaé “of~sem conduct or - substrat '

Claim1l or_2 NSRRI t , oxkdathepraTEsal ¢ bondi ng
subst r at eFRER Sy, pibLiSs Br s MIcogﬂﬁgvéHg"a-§ﬁﬁTT%? coeffTTtient_or
thermal 20 expansion than Si is~foried on at |east one of outer
surfaces of said onSk”QuﬁQQ?EE@E?are fabricated with sufficient

quality and with good reproducibility. At the same

time, saving of resources and reduction of cost are
5 realized by reuse of wafer and the like.
Carried out to achieve the above are a step of
bonding a principal surface of a first substrate to a
princibal surface of a second substrate, the first
substrate being an Si substrate in which at least one
10 _layer of non-porous thin film is formed through a
porous Si layer, a step of exposing the porous Si layer
in a side surface of a bonding substrate comprised of
the first substrate and the second substrate, a step of
dividing the porous Si layer by oxidizing.the bonding
15 substrate, and a step of removing porous Si and
 oxidized porous Si layer on the second substrate

separated by the division of the porous Si layer.

. FIG. 1




