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ordinary Si inte Ghihcedli. ts. The advantages of the SO technol o

i nc| ude: 1'f“n electric isolation that allows an 5 enhg
degree of in the excellent reslstivity agai nsCFoat2arva 3 a
reduced floa ce that allows a hi gh devi ce op tion soeed 4.

t he oni ssion of the mell formng step; 10 5. the g figsgt i g@
prevention; and 6. the possibility of producing fully de Iete égi F

transistors using the thin filmtechnol ogy. The advant age
t echnol ogy are thordﬂ:@?ﬂ‘@o@%dﬁ&@&?‘@?@ﬁ\{‘é %FMI%%IWCT%F r'Pgﬁ']échIrﬁilstal 15
silicon on non-single-crystal insulators"; edited by G W Cullen, Journal
of Crystal Growth, “volune 63, No. 3, pp. 429- 590 (1983). In recent years, a

nunber of repo i he SO technol ogy for providing
20 substraté%&?ﬂﬁ%ﬁggﬁ%ﬂ%al|z§%&%§ﬂ&§ eed operation and | ow power

consunption fo@uME§F%E§J§J VE' jognference 1994). The process of
manuf acturing a sem con evice can be significantly curtailed by

using thesSO str gy EiﬂJerFt@.'HP@&%‘ia\ﬁe%htbh% fRtheaP & R uRaetasIngl 25
manufacturing a device on a bulk Si wafer because of the inplenentafion of

a Vﬁry| sinplif laedseﬁka.\ddiﬁucﬁﬁixafalxaﬂoabe&ha“ﬂw&n s tapa yobe! bigedOfor
t echnol ogy

producing a semiconductor device such as a
semiconductor integrated circuit, a solar cell, a
semiconductor laser device or a light emitting diode.
10 Mdre particularly, it relates to a method of
manufacturing a semiconductor article comprising a step
of transferring a semiconductor layer onto a substrate.
Related Background Art
Semiconductor articles are popular in terms of
15 semiconductor wafers, semiconductor substrates and
various semiconductor devices and include those adapted
for producing semiconductor devices by utilizing the
semiconductor region thereof and those used as preforms
for producing semiconductor devices.
20 Some semiconductor articles of the type under
consideration comprise a semiconductor layer arranged
on an insulator.

The technology of forming a single crystal silicon
semiconductor layer on an insulator is referred.to as
25 silicon on insulator (SOI) technology, which is widely

known. Various researches have been done to exploit

the remarkable advantages of SOI that cannot be



-3- can provide a significant cost reduction in manufacturing a

sem conduct or device particularly in terns of the wafer cost and the
pracess cost if viewed fromthe conventional technol ogy of manufacturing a
5 MOSFET or an I C on a bulk Si substraté -to say nothing of the

remar kabl e performance of such a sem conductor device. Fully depleted
MOSFETs are very prom sing for achieving high speed operation and | ow power
10 consunption if provided with inproved drive power. Generally

speaki ng, the threshol d voltage (\Vh) MOSFET i s, determ ned_as a
fgnctlo% of th?cﬁﬁﬁﬁﬁpt bycyfd Htg ﬁkoﬁ1OFUPFErEHQﬁnEpa§e€FFoHSSGtf°Fn t he

dopl ot | on | ayePTPRUPANBLSEE Eéa”m’é?ig‘a?gr? R Riekiete. RBPerore, the sa
filmthickness gggnkgag% Pkg%béu %88&58%5@? thgr to improve the
urin S an

yi el d of manufac Foried on a conmpound 20

sem conductor shoys athenghkabpe h@éiée@ileei%Bﬁlg ﬁ EH%E a3ngek 8g

expected fromsilicon particularly 1nterns o speed operation and

l'i ght em gsi onenhdabBedcvbgeacabe gg&éggb{yoﬁprned by neans of epitaxial
grow h on a conpound sem conductor substrate that may 25 be made of GaAs

or a simlar conpaundtheHeweetlent eeBnsthn¢isgnaganteet eadsdlgsbhate is
costly and
3. a reduced floating capacitance that allows a
high device operation speed:;
4. the omission of the well forming step;
10 5. the effect of latch up prevention; and
6. the possibility of producing fully depleted
field effect transistors using the thin film
technology. The advantages of the SOI technology are
thoroughly discussed in Special Issue: "Single-crystal
15 silicon on non-single~crystal insulators"; edited by G.
W. Cullen, Journal of Crystal Growth, volume 63, No. 3,
pp. 429-590 (1983).
In recenf years, a number of reports have been
published on the SOI technology for providing
20 substrates that can realize high speed operation and
low power consumption for MOSFETs (IEEE SOI conference
1994). The process of manufacturing a semiconductor
device can be significantly curtailed by using the SOI
structure if compared with the corresponding process of
25 - manufacturing a device on a bulk Si wafer because of

the implementation of a very simplified device

isolation step. Thus, the use of the SOI technology



mechani cally not very strong so that it is not adapted -4- to produce a
| arge wafer. Thus, efforts have been made to form a conpound substrate by
het ero-epitaxial growh on an Si wafer that is inexpensive, nmechanically
strong and good for 5 producing a |l arge 3wafer. Researches on form ng SO
substrates becane remarkable in the 1970s. Initially, attention was paid to
the techni que of producing single crystal silicon by epitaxial growh on a
sapphire substrate (SOS: silicon 10 on sapphire), that of producing an
SO structure through full isolation by porous oxidized silicon (FIPOS) and
t he oxygen i on GafpRRaVAde R tsé&“%ﬂ}@ntrﬁ’ésﬂ reduettiedd ionpri ses steps of

formng an islanded N pe Si on a P-type single crystal -Si
substrate 15 ™MaRy "Bﬁﬂ%r‘? i ié’l?tnzgﬂ‘lcﬂ:ﬁ ics PRrti Jﬁe’?'é’t&ln Grovvt h,

Vol . 63,547 (1 8 t I Wt tt t, f
o(r)ﬂ y the P—t§/pe eax)n? sﬁ‘d“st ﬁe%‘a\ I & ro&?s tgﬁfo?%%&eesrsgly%%ﬁo rfansleglrﬁ n an
HF sol uti on, f}%ﬁ y"lﬂt% té?:%\%né nt%&dg:ecﬁ'ﬂ)@l o f urin % then

subj ecti ng t he pe Si I'SI and: ctrl |so ation by acCelerated

oxi dati on.g Thi $de@NIFURd Sic %“%Vﬂullé%ﬁo%%@t‘%‘ié@/ &P eBdialy the

isolated Si region Is defined before the process of producing devi cés to
restrict the frredes dend@ Wi @rFdrmance of such a semiconductor

device.
Fully depleted MOSFETs are very promising for
achieving high speed operation and low power
10 consumption if provided with improved drive power.
Generally speaking, the threshold voltage (Vth) of a
MOSFET is determined as a function of the impurity
concentration of its channel section but, in the case
of a fully depleted (FD) MOSFET, the characteristics of
15 the depletion layer is influenced by the SOI film-
thickness. Therefore, the SOI film thickness has to be
rigorously controlled in order to improve the yield of
manufacturing LSIs.
| Meanwhile, a device formed on a compound
20 semiconductor shows a remarkable level of performance
that cannot be expected from silicon particularly in
terms of high speed operation and light emission. Such
devices are currently formed by means of epitaxial
growth on a compound semiconductor substrate that may
25 be made of GaAs or a similar compound. However, a
compound semiconductor substrate is costly and

mechanically not very strong so that it is not adapted



25 The oxygen ion inplantation nethod is also referred to the SIMOX
met hod, which was proposed by K. lzum for the first tine. Wth this

t echni que, oxygen ions are -5- inplanted into an Si wafer to a
concentration |evel of 10[err] to 10[err]+céferr] and then the latter is
anneal ed at high tenperature of about 1,320[err]C in an argon/oxygen

at nosphere. As a result, the inplanted oxygen ions are 5 chemcally
conbined with Si atoms to produce a silicon oxide layer that is centered at
a depth correspondi ngdto the projection range (Rp) of the inplanted ions.
Under this condi@ iRFPAUGe FHJerIsoM™ateT of the Si oxide layer that is turned
I nto an anor phous state by the 10 oxygen jon inplantation is
recrystallized to%u@eé/fé’rsqsn aé’ecrbggé"almagle %&/?ﬁm\/\ﬁl COMPEMNG | f ace Si

| ayer used to show.a defect .rate as _hi.gh. 10[err]/cmerr]. .aLecent

t echnol ogi cal FHRE %eent%yhéls?q;r?f@é'eﬂl%é{s%%ﬁbﬁéjotwcﬁxlré) T(?é‘ ts]ﬁewt?efgct rate
down to about | 5 lsectyi f

i npl antation of a ouﬁg'}%ﬂe%nr %’(ﬁlﬁ énrer -%ﬁo%%é\}g?,sacﬁ]o?ggﬁ%g bl e ?gﬁge of
ener gy infgisi opafhiditgyg Phd:ye wadaantation are limted if the film
quality of the Si oxide layer and the crystallinity of the surface Si |ayer
are to be held to RdseardPesi if6tnfieny SO Istbtrated betemd he film

t hi ckness of the surface Si |ayer and that of the buried Si oxide (BOX;
buri ed oxide) |mmrikaEeldrovie 1IO70Ee @mifially, attention was paid

to the technique of producing single crystal silicon by
epitaxial growth on a sapphire substrate (SO0S: silicon

10 on sapphire), that of producing an SOI structure
through full isolation by porous oxidizeﬁ silicon
(FIPOS) and the oxygen ion implantation technique. The
FIPOS method comprises steps of forming an islanded N-
type Si layer on a P-type single crystal Si substrate

15 by proton/ion implantation (Imai et al., J.Crystal
Growth, Vol. 63,547 (1983)) or by epitaxial growth and
patterning, transforming only the P-type Si substrate
into a porous substrate by anodization in an HF
solution, shielding the Si islands from the surface,

20 and then subjecting the N-type Si islands to dielectric
isolation by accelerated oxidation. This technique is,
however, accompanied by a problem that the isolated Si
region is defined before the process of producing
devices to restrict the freedom of device design.

25 The oxygen ion implantation method is also referred
to the SIMOX method, which was proposed by K. Izumi for

the first time. With this technique, oxygen ions are



limted values. In other words, a process of sacrifice oxidation or

epitaxial growth is indispensable to 25 realize a surface Si | ayer
having a desired filmthickness. Such a process by turn gives rise to a
probl em of uneven filmthickness due to théintrinsic -6- adverse effect

of the process. There have been reports saying that SIMOX can produce
defective Si oxide regions in the Si oxide layer that are referred to as
pi pes. One of the 5 possi bl e causes of the phenonmenon nmay be foreign
obj ects such as dust introduced into the |ayer at th

( _ ) time of io
|Eplantat!on. ¥Wg1@@¢ﬁéelﬁﬁedﬁﬁe§iiWa§e§i68 Re§P eE§Fa§ﬁ8ﬂ g&ﬁ?ﬁd@é
characteristics due to the leak current. be n_the acti ljayer the 10
unfjerl yi ][lg subd® at®® 1ﬂ1j<§?2|\/52dt g’i‘ﬁﬁi %B& ﬁ'vﬁ\%gfa\lfe%st ﬁgnﬁ\ég'egf %g Ihg%ge
volume of ions_that is by f reater ap t.he _vol ki the ordinar
Feniconductor 5?%55??igﬁé ﬁg;€%°§%eir826igpﬁghfétfo 8?%5 ggghay take a d
ong tine if a ci fincall Lonesg -a 1ahted Dx43Rn fidhd lare Since
the ion inplanf%ﬁ%%ﬁ?ﬁ%%%ﬁesggﬁg %ggﬁg#%e f&g?@glly_by means 3? rasggi scan
of an iongbeam did 13 RIS heaNAes Biowtorise tof prlodkiced @ @dliern or by
spreading an ion beam & long tine may be required for 20 processing a

|l arge wafer. Addidd arsidyy theteisd deit@dred at a depth corresponding

to the projection range (Rp) of the implanted ions.
Under this condition, an upper portion of the Si oxide
layer that is turned into an amorphous state by the

10 oxygen ion implantation is recrystallized to produce a
single crystal Si layer. While the surface Si layer
used to show a defect rate as high as 10%/cm?, a recent
technological'development has made it possible to
reduce the defect rate down to about 10?/cm? by

15 selecting a rate of oxygen implantation of about
4x10'7/cm?. However, the allowable range of energy
infusion and that of ion implantation are limited if
the film quality of the Si oxide layer and the
crystallinity of the surface Si layer are to be held to

20 respective desired levels and hence the film thickness
of the surface Si layer and that of the buried Si oxide
(BOX; buried oxide) layer are allowed to take only
limited values. In other words, a process of sacrifice
oxidation or epitaxial growth is indispensable to

25 realize a surface Si layer having a desired film
thickness. Such a process by turn gives rise to a

problem of uneven f£ilm thickness due to the intrinsic



wafer is processed at high tenperature,
tenperature distribution within the wafer can becone very serious.
the SI MOX process requires the use of extraordinary high 25

that is as high as 1,320C which is not obsé& wved in the ordinary Si
process, the problem of uneven tenperature distribution wll

sem conduct or
becone -7-

highly effective apparatus is not
known t echni que
5 Substrate

t her mal | i zed SO__strycture, h 3 v
This met hod  equi TRSEEHASTS BUPR HeRRTHS 505489 “HASEns BUARESEN 1 b cnes

nore serious if a large wafer has to be prepared unless a
real i zed. Beside the above descri bed
3 of forning SIQ,  a technique of bonding a single crystal
¥ Fngfet

a

eLFst pEfe ReyBYAFeSH- substrate that has been
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crystal Si sub fra e _ (
to be mde as iLioraenaeVaka! rokerPOR! €5550 pipss. TohECoECERDI ques have

been known for t

poli shings 15 possibid) ch@sat ®Eagha ﬁﬁéﬁbﬂ@n@ﬂdméﬁ)béeféﬁéi%ﬁ et chi ng.
Is difficult to achieve an even filmthickness by neans of t

as Severa

Inning a single crystal SI Tayer that include; (1)

techni que of (dbjébe¥esuch as dust introduced into the layer at the

10

15

20

25

time of ion implantation. The device produced in a
pipe region can show degraded characteristics due to
the leak current between the active layer and the
underlying substrate.

The SIMOX technique involves the use of a large
volume of ions that is by far greater than the volume
used in the ordinary semicondﬁctor process and hence
the ion implantation process may take a long time if a
specifically designed apparatus is used for it. Since
the ion implantation process is performed typically by
means of raster scan of an ion beam showing a
predetermined flow rate of electric current or by'
spreading an ion beam, a long time may be required for
processing a large wafer. Additionélly, when a large
wafer is proceséed at high temperature, the slip
problem due to an uneven temperature distribution
within the wafer can become very serious. Since the
SIMOX process requires the use of extraordinary high
temperature that is as high as 1,320°C which is not
observed in the ordinary Si semiconductor process, the

problem of uneven temperature distribution will become

Si nce
t enperature

eV t hi ckness

e polishing

the slip problemdue to an uneven
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reds  mcroneters has
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Particularly, the nean deviation in the filmthickness 20 can be as

| arge as tens of several percent to nake the techni que unfeasible when the
fil.mis thinned to an order of sub- mcroneter. This problemw || becone
more remarkabl e for wafers having a | arge 5’aneter The technique of (2) is
typically used in 25 conmbi nation wth that of (1). More specifically,
the filmis thinned by neans of the technique of (1) to about 1 to 3pm and
the distribution of filmthickness -8- is determ ned by observing the

et chi ng oper at PORSRBF4oKRe 1 PriRedecHRRgh DRy vh) Bt BrapaeRl Bhifee,
h di , he d b
of 11 Pm thi ckngoRiSpPEREReEtve aBprrFER LR 8% gl pagt e 3171t on

been a report thahegtaaedttﬁter hBB’izbOBeQEribéH‘ ﬁhbﬁhneaéhﬁaauas eenfined
Wi thin about 10nmor less by neans of this techni que. However, this process

is 10 acconpgarmidgby1a, déa\&é@ﬁhihhét ofi bohaiagoa ebhgméScayEtalesent on
the substrate in the form of particles during the plasm etching, they

operate as SO Eabgtehth 9 anskheirosphgliecerpstptcSionabenrate shastrate
when the etching operation is over. 15 Addi tionally, since the
substrate showhas beensd¢hermbddy omheeédatel prafluee aheSOEcBtmygctpreati on, a
has been proposed recently. This method requires the
use of an active layer having an even thickness for the
devices to be formed on it. More specifically, a
10 single crystal Si substrate that is as thick as several
hundreds micrometers has to be made as thin as several
micrometers or less. Three techniques have been known
for thinning a single crystal Si layer that include;
(1) polishing,
15 (2) local plasma etching and
(3) selective etching.
It is difficult to achieve an even film thickness by
means of the polishing technique of (1) above.
Particularly, the mean deviation in the film thickness
20 can be asllarge as tens of several percent to make the
technique unfeasible when the film is thinned to an
order of sub- micrometer. This problem will become
more remarkable for wafers having a large diameter.
The technique of (2) is typically used in
25 combination with that of (1). More specifically, the
film is thinned by means of the technique of (1) to

about 1 to 3um and the distribution of film thickness



touch- polishing operation has to be conducted on the surface after the end
of the plasma etching and the operation is controlled only in terns of its
duration. 20 Then, again the problem of deviations in the filmthickness
due to polishing arises. Still additionaH ¥ -a polishing agent typically
containing colloidal silica is used for the polishing operation and hence
the layer for nmaking an active layer is directly scraped by the 25
pol i shing agent so that a crushed and/or distorted | ayer may be produced.

The throughput ,of _th 1 b Lgnpfi I I

vefers are’ 1. apPeLpLaSncPE ReerEthd, hor oht b PhECKFERR HE 07
operation is prolonged ti f f f bei
rocessed. ThortmBA, qGepsintd) | FOERocsherEttl 2Eradbiaptng b8 41 er belng

configuration fLor,|ig ggﬁégil{aﬁ &R?Ps &ﬂénﬂfﬂ.ﬁt hat sCONREASHSLANELAEmADS €

t han one fiIn1Fayers a 0 selective etching. For exanple, assune that

a Plerr] S thid b8Ye5a ORIl MRy o dtenBid: dndibair ] /enferr] and a
P-type Si thin [ayef are made to grow sequentially on a 10 P-type

substratesby nmpanginbtaRkl axbakestonghthe pisdpibutibnref fibmtrate, which
I's then bonded to a second substrate with an insulation | ayer interposed

t her ebet ween; taeckneskat uatilagedebiired fypmncahligknessxideobthinednd t hat
the rear surface of the first
There has been a report that the distribution of film
thickness can be confined within about *10nm or less by
means of this technique. However, this process is

10 . accompanied by a drawback that, if foreign objects are
‘present on the substrate in the form of particles
during the plasma etching, they operate as so many
etching masks to produce projections on thé sgbstrate
when the etching operation is over.

15 Additionally, since the substrafe shows a coarse
surface immediately after the etching operation, a
touch- polishing operation has to be conducted on the
surface after the end of the plasma etching and the
operation is controlled only in terms of its duration.

20 Then, again the problem of deviations in the film
thickness due to polishing arises. Still additionally,
a polishing agent typically containing colloidal silica
is used for the polishing operation and hence the layer
for making an active layer is directly scraped by the

25 polishing agent so that a crushed and/or distorted
layer may be produced. The throughput of the process

can be significantly reduced when large wafers are



15 substrate is made sufficiently thin in advance by scraping and
pol i shing. Subsequently, the Plerr]-layer is nmade to becone exposed by
selectively etching the overlying P-type |ayer and then the P-type
substrate is nade to becone exposed by setekttvely etching the Plerr]- 20
| ayer to produce an SO structure. This technique is discussed in detai
in a report by Maszara (W P. Maszara, J. Electrochem Soc., Vol. 138, 341
(1991)). Wiile the selective etching technique is effective for producing a
thin filmwth an even fil mthickness, 25 it i s gcconmpani ed by the
drawbacks as i dFeEYEGePecausSR the dyratdpa.pf, &hs Pra'n‘aﬁﬁ'ar &tlcg‘lf‘gynot
satisfactory and wi ll, be .as | ow as 102 at st . - - ==
touch-polishin&ﬂﬁﬁﬁﬁ%ﬂqn+%:?rég&899 dafoa§%§8FﬁlFﬁb°§ﬁ% gbgugé SF the
etching operatiQon.b e r produced by the etching
ar a.%ﬁ@#%%&%%F%Hiﬁ%gﬁﬁzgr%Eggggﬁ.

operation. Theréfore, m S can lose the uniformty 5 as it

s reduced by pol ity Racndidpid G 38 1ntlives! ReePUdesbing gaamation i s

controlled by the duration o operation, it is difficult to rigorously

control the OpIGfiQuirAGHH Edrheneo/supitiatelite b tidihed @hiafti cant |y
fromtinme to tine. us, this problem 10 becones unnegli gi bl e when

formng an ext rsiiniddd prliod aistie tWhain ichea$itlhi 1l ayerk)@Gdapted Toe
produced SO | ayer can show a poor
selective etching. For example, assume that a P'-Si
thin layer containing boron by more than 10**/cm’® and a
P-type Si thin layer are made to grow sequentially on a
10 P-type substrate by means of epitaxial growth to
produce a first substrate, which is then bonded to a
second substrate with an insulation layer interposed
therebetween, the insulation layer being typically an
oxide film, and that the rear surface of the first
15 substrate is made sufficiently thin in advance by
scraping and polishing. Subsequently; the P'-layer is
made to become exposed by selectively etching the
overlying P-type layer and then the P-type substrate is
made to become exposed by selectively etching the P*-
20 Iéyer to produce an SOI structure. This technique is
discussed in detail in a report by Maszara (W. P.
Maszara, J. Electrochem. Soc., Vol. 138,341 (1991)).
While the selective etching technique is effective
for producing a thin film with an even film thickness,
25 it is accompanied by the drawbacks as identified below.

-- The selective etching ratio is not satisfactory

and will be as low as 10? at most.



crystallinity due to the use of a filmformng techni que that involve ion

I npl antation and epitaxial 15 or hetero-epitaxial growh on an Si |ayer
that is densely doped with B. Additionally, the bonded surface of the
substrate may show a degree of snoothness #Rat is inferior relative to that
of a conventional Si wafer (C. Harendt, et al., J. Elect. Mater. Vol.

20, 267 20 (1991), H Baungart, et al., Extended Abstract of ECS first

I nternational Synposium of Wafer Bonding, pp-733 (1991), C. E. Hunt,

ded Ab f S5 f . ' |, | .of f i ng,
op- 696 (1091)) - ST MRl ReeddtecR TR Helliteg €5 enBBR "0

selectivity of (]ﬁé? SEEHd Wkl i r?ptt%qﬂﬂgq B%eli!ﬁ!:\iig?y gg%g%ggs o2Nthae

concentration erence anong the 1l uritres-su oron contained in

the substrate codpid R AHRERIGFuCED e the ety SpeRiadiohe Of the
I mpurities along the depth of 'the substrate. Therefore, if the bonding

anneal is condutesd fird)i Ghed FNG aAhdickneds BRNOLOskEhankoRiiFPratiftgngt h of
the 5 | ayers and the epitaxial growmh is carried out also at high

t enper at urse t 0 aanlands tdedueds byl lpoliishing .t h@a$Bicudperly,t While the
concentration profile of the inpurities along the depth becones fl attened
to reduce the geldahing yperatioretishicogtapedled by, themduradtianedf 10
the i mprovenent of the etching selectivity and hence that of the
crystallinity dive orenaisveddnisofdififdcult to rigorously control
the operation because the polishing rate can vary
significantly from time to time. Thus, this problem
10 becomes unnegligible when forming an extremely thin SOI
layer that is as thin as 100nm.

-- The produced SOI layer can show a poor
crystallinity due to the use of a film forming
technique that involve ion implantation and epitaxial

15 or hetero-epitaxial growth on an Si layer that is
densely doped with B. Additionally, the bonded surface
of the substrate may show a degree of smoothness that
is inferior relative to that of a conventional Si wafer
(C. Harendt, et al., J. Elect. Mater. Vol. 20,267

20 (1991), H. Baumgart, et al., Extended Abstract of ECS
first International Symposium of Wafer Bonding, pp-733
(1991), C. E. Hunt, Extended Abstract of ECS first
International Symposium of Wafer Bonding, pp-696
(1991)). Still additionally, there is a problem that

25 the selectivity of the selective etching technique

heavily depends on the concentration difference among

the impurities such as boron contained in the substrate



bondi ng strength are conflicting requirements that cannot be met at the
sane tinme. Under these circunstances, the inventors of the 15 pr esent

i nvention proposed a novel nethod of manufacturing a semiconductor article
in Japanese Patent Application Laid-Open-Nbl 5-21338. According to the

I nvention, the proposed nethod is characterized by conprising steps of
formng an article by arranging a 20 nonpor ous single crystal

sem conductor region on a porous single crystal sem conductor region,
bondi ng the surface of a material _carryi teri.al,thereon

e o
to the coaresg@ﬁéiﬁ&eF§F§&8898F 9§iHhﬁopgggggF%§%g°§£?ggggﬁgeﬁfcgﬂﬁuctor
regi on and subsequentl, 5 ' ' '

SE%iﬁonductgg ﬁ@&PﬁRkﬂéseF&HPﬁr%ggyhggﬁ ﬁé?aggéogﬁpgkggkgfgr¥ﬁéa:nventors
of the -12- pre i n ' b |

oxcel Tent 1 1 PREEPrayoNE el pRndabCaAnked 3o70RHRMCEEY bEThR 4 (o

bat ch processi Lra¥a2ehakd i6hrabe tABPbonBling: skebhgtobs 4e2108 5
(1994)). Now, t Eﬁbpose néﬁ%gg gf nanu?gctuéiﬁg a bonded SO w Il be

summari |y sdescrifed-hanevihe epfithkiad LRoktESis3sakrkiedgbuliCankot be
acconpanyi ng drawi ngs. The proposed net hod uses a porous |layer 32 forned on

high temperature to enhance the crystallinity of the
SO0I layer, the concentration'profile of the impurities
along the depth becomes flattened to reduce the
selectivity of the etching operation. Simply stated,
10 the improvement of the etching selectivity and hence
that of the crystallinity and the improvement of the
bonding strength are conflicting requirements that
cannot be met at the same time.
Under these circumstances, the inventors of the
i5 present invention proposed a novel method of
manufacturing a semiconductor article in Japanese
Patent Application Laid-Open No. 5-21338. According to
the invention, the proposed method is characterized by
cbmprising steps of forming an article by arranging a
20 nonporous single crystal semiconductor region on a
porous single crystal semiconductor region, bonding the
surface of a material carrying an insulating material
thereon to the corresponding surface of said porous
single crystal semiconductor region and subsequently
25 removing said porous single crystal semiconductor
region by etching.

T. Yonehara et al. who are the inventors of the



10 ‘a first Si substrate 31 as a |layer to be selectively etched. After
form ng a nonporous single crystal Si |ayer 33 on the porous |ayer 32 by
epitaxial growh, it is bonded to a second substrate 34 with an Si oxide

| ayer 35 interposed therebetween (FIG 3A) 12Then, the 15 porous Si |ayer
I's made to becone exposed over the entire surface area of the first
substrate by scraping off the first substrate fromthe rear side (FIG 3B)
The exposed porous Si is then etched out by nmeans of a selective etching

| uti i cal al ni . :
Snoe the Lol oRrered dhvAtheti B18p ERporsER. l BRAUBSCRRR, el ad ous s

I | ati t I | : ; | Si |
S ade e hi off 5 RO s TEF el s SVAE Wik CRIEAPESRNERME Che nampor ous

be made as high as nique, the nonporous

single crystal c?ys%’illin'i%geranh%ﬁﬁ £l &BepRREAUPrbRKesing gyvance can be
transferred onto"the second substrate to produce an SO substrate w thout

reduci ng the tKonehasa et bhe, appil- pAgaROrawt.Svedl.eearribal Si | ayer.
Thus, the uniformty of the filmthickness of the SO substrate is :
det erm ned duri(1®94)e .epNowxi thegpopbsade pethodobdi ngnufaatueiagt aby Sato
et al., since a CVD 5 system adapted to an ordi nary sem conduct or
process can be bhondedf 801t wdldpbeasuamagiidw Hesardbgdebedbwubyf ormty of the
fil mthickness as high as 100nn2%
referring to FIGS. 3A through 3C of the accompanying
drawings.
The proposed method uses a porous layer 32 formed on
10 a first Si substrate 31 as a layer to be selectively
etched. After forming a nonporous single crystal Si
layer 33 on the porous layer 32 by epitaxial growth, it
is bonded to a second substrate 34 with an Si oxide
layer 35 interposed therebetween (FIG. 3A). Then, the
15 ﬁorous'Si layer is made to become exposed over the
entire surface area of the first substrate by scraping
off the first substrate from the rear side (F;G. 3B).
The exposed porous Si is theh etched out by means of a
selective etching solution typically containing KOH or
20 HF+H,0, (FiG. 3C). Since fhe selective etching ratio of
the operation of etching the porous Si layer relative
to the bulk Si layer (nonporous single crystal Si
layer) can be made as high as hundreds of thousands
with this technique, the nonporous single crystal Si
25 layer formed on the porous layer in advance can be

transferred onto the second substrate to produce an SOI

substrate without reducing the thickness of the



can be realized. Additionally, the epitaxial Si |ayer shows an excell ent
crystallinity of about 3.5x10[err]/cnferr]. 10 Since the selectivity
of any conventional selective etching techni que heavily depends on the
concentration difference anong the inpuriti¥® Tontained in the substrate
and the steepness of the concentration profile of the inpurities along the
depth of the 15 substrate as described above, the tenperature of the
heat treatnment (for bonding, epitaxial growth, oxidation and so on) is

limted t | 800 t t t he J it trati
profi e bacomes P PBOTSHBCSHBBYE CRETCEbrbe: SHUTE | i TES" HF he ot her 20
profile becores™ 1 _ 't Githe

et cr mi ned by 1 RA-EGPRLEY, Of R PEPRECRIaRal ' F NS L SITR R, (e

bul k layer so tPétdé@&rﬂfﬁédtéfﬁ%fﬁw%h%se a§ﬂ§i&%§5ﬁkﬁ(§ h a rigorous

limtation and tenperature as has 1,180[err]C 25 can be used. It is

known that a hegtcbr&BhERS R'PESSSt CWPdsEtetelfdEl, tdEndndlicigp operation
can remarkably inprove the bonding strength between wafers and reduce

-14- the sbze asgstbembedaptedotdsagivediniase sembeondectondbreresd ezdrace.
Additionally, with a selective etching operation relying the structural
di fference bet weenuséé forotkel epitamial tgreowtihk & ajegree et 5 uniformty
of the filmthickness is not adversely
uniformity of the film thickness as high as 100nm2%
can be realized. Additionally, the epitaxial Si layer
shows an excellent crystallinity of about 3.5x10%/cm?.
10 Since the selectivity of any conventional selective
etching technique heavily depends on the concentration
difference among the impurities contained in the
substrate and the steepness of the concentration
profile of the impurities along the depth of the
15 substrate as described above, the temperature of the
heat treatment (for bonding, epitaxial growth,
oxidation and so on) is limited to as low as 800°C at
most because the impufity concentration profile becomes
flattened above that temperature limit. On the other
20 hand, the étching rate of thé proposed etching
technique is mainly determined by the structural
difference between the porous layer and the bulk layer
so that the heat treatment is not subjected to such a
rigorous limitation and temperature as high as 1,180°C
25 can be used. It is known that a heat treatment process

conducted after the bonding operation can remarkably

improve the bonding strength between wafers and reduce



affected by fine particles that can be adhering to the porous Si |ayer.
However, a sem conductor substrate to be produced by way of a bondi ng
progéss inevitably requires at |east 10 two wafers as starting
materials, one of which is substantially widsted away in the course of
pol i shing and etching to consune the |imted natural resources al nost for
nothing. In other words, an SO manufacturing process is required to
realize | ow cost 15 and economic feasibility in addition to an enhanced
degree of process controllability and an i nproved uniformty of the film

thi ckness. Di f fE#@n%13e sand pmReR o HATITHMEDHITLESH R

manuf act uri ng high qualjty_SO s rate include 20 n excel | ent
reproduci bi | it ,oré‘ﬂlréqlh%h%%%f?%%l Lﬁ%ﬁ’r%ﬁ@é’%é’ﬁ’ﬁb %aﬁéﬁqﬁﬁ‘? t hr ough

t he repeated us . A S ' t hese

ci rcunst ances, ﬁ%ﬁ%e%%@% t%ﬁ@e@%@g\%ﬂoﬁr@pﬁ%&f& I'n Japanese
Patent 25 Hirdh Oéhé?[%ﬂr‘ﬁ)sen.l.é\{ér P 38R0 ruietngrkof ¢mnufacturing a

sem conductor substrate, w whi ch "a pair of substrates are bonded

together and subseeseiity of thd el eRiabfdd MR hdfddelynr ough a
porous | ayer arranged therebetween so that one of the substrates may be
reused by renovafifedted S¥ Oftons Ui titfied efft)idih @We adhering to the
porous Si layer.
However, a semiconductor substrate to be produced bf
way of a bonding process inevitably requires at least
i0 two wafers as starting materials, one of which is
substantially wasted away in the course of polishing
and etching to consume the limited natural resources
almost for nothing. In other words, an SOI
manufacturing process is required to realize low cost
15 and economic feasibility in addition to an enhanced
degree of process controllability and an improved
uniformity of the f£ilm thickness.
Differently stated, the requirements of a process
for manufacturing a high quality SOI substrate include
20 an excellent reproducibility, an enhanced level of
resource saving capability through the repeated use of
a same wafer and low manufacturing cost.
Under these circumstances, the inventors of the
present invention proposed in Japanese Patent
25 Application Laid-Open No. 7-302889 a method of
manufacturing a semiconductor substrate, with which a

pair of substrates are bonded together and subsequently



It. The disclosed nethod will now be summarily 5 descri bed bel ow by
referring to FIGS. 4A through 4C of the acconpanying draw ngs. It conprises
steps of form ng a porous layer 42 by transformng a surface |ayer of a
first Si substrate 41 into a porous state; ¥drming a single crystal Si

| ayer 10 43 on the porous |ayer, bonding the single crystal Si |ayer to
the main surface of a second Si substrate 44 with an insulation |ayer 45

i nt erposed therebetween (FIG 4A). It further conprises steps of separating
the wafers bonded to 15 ar r.anged

ith the: I
t her ebet ween (F?%?a q‘_eet‘gﬁ%régélteé%%l?\ef%ﬁrxgéﬁbma&r%{ﬁéme&oﬁb%elc? Ot ous Si | ayer

on the surface eﬁ;@ﬁ | ﬁé@ﬁt t (Hl% e é;g (FIG
4C). Wth this %ef%’g%ét e |l?%stt: su s%‘?a‘?’eéﬁl&g%n gth;wéusefa ;%g?% Vi ng
the residual pPYOUSEISIE by Fbmovilllf BRYSSENR SiibdBndE RERNRRA dd oM

each other typically by way of one of the follow ng techni ques; -- applying

sufficiently stieng #esdiIoNEE RELHEESHIE U b Suninieacialyf the

conbi ned wafers along a direction perpendicular to the surface; 25 - -
appl yi ng wvhive efesgyibed theldw vy afefeorting asoFIGS\AAA dthitduggH 4@ dfb t he
conbi ned wafers; -- causing the porous |ayer to be exposed at an end -16
- surface of thehedgomphngding dratioigsig t he porous Si

It comprises steps of forming a ﬁorous layer 42 by
transforming a surface layer of a first Si substrate 41
into a porous state, forming a single crystal Si layer

10 43 on the porous layer, bonding the single crystal Si
layer to the main surface of a second Si substrate 44
with an insulafion layer 45 interposed therebetween
(FIG. 4A). It further comprises steps of separating
the wafers bonded together with the porous layer

15 arranged therebetween (FIG. 4B) and selectively
removing the exposed porous Si layer on the surface of
the seéond Si substrate to produce an SOI substrate
(FIG. 4C). WwWith this method,'the_first substrate 41
can be reused after removing the residual porous layer.

20 The bonded wafers may be separated from each other
typically by way of one of the following techniques;

-- applying sufficiently strong tensile force or
pressure onto a surface of the combined wafers along a
direction perpeﬁdicular to the surface:;

25 -- applying wave energy in the form of an ultrasonic
wave or the like to the combined wafers;

-- causing the porous layer to be exposed at an end



| ayer to a certain extent and inserting the edge of a blade; -- causing the
porous | ayer to be fully exposed at an 5 end surface of the wafers,
soaking the porous Si layer with liquid that nay be water and causing the
liquid to expand by entirely heating or cool®rmg the conbined wafers; and --
applying force to the first (or second) substrate 10 al ong a di rection
parallel to the second (or first) substrate in order to destroy the porous
Si layer. The above |isted techniques are based on the idea that, while the

rechan cal, <t gtheg bRouRe! niod ke PRLCOEm SRy e BRIV L1

rul e of thunb, 0. r Jolg

t
nmechani cal st rengf%£ g ? CAﬁgﬁn @#%g% a%'?@aﬂ?:%ér%(esp &%%?k@fsl | ayer.
In short, when gyp8st of bonded wafers is subjected to conpreSS|ve tensile
20 or shearing force, the porous Si layer will be destroyed to begin

with. A porous |ayercahsih§dtie hh@h6is (Egyee €6 HorHsily Q:Qpbéi@id@ﬂér@yed
with less force. However, In reality, efforts have been paid to 25

reduce thespor oen«ﬂysai-fabe ofir the ewa fyes, ofodlkbng ot sp&rous S dhaydo
realize an excellent epitaxial gromh in ternms of the quality of the device
formed on the S@ith liguid that may be water and causing the liquid to
expand by entirely heating or cooling the combined
wafers; and
-~ applying force to the first (or second) substrate
10 along a direction parallel to the second for first)
substrate in order to destroy the porous-Si layer.

The above listed techniques are based on the idea
that, while the mechanical strength of the porous Si
layer depénds on the porosity of the layer, it is

15 sufficiently lower than that of a bulk Si layer. As a
rule of thumb, a porous Si layer having a porosity of
50% shows a mechanical strength about a half of that of
a corresponding bulk Si layer. In short, when a pair
of bonded wafers is subjected to compressive, tensile

20 or shearing force, the porous Si layer will be
destroyed to begin with. A porous layer showing a
higher degree of porosity can be destroyed with less
force.

However, in reality, efforts have been paid to

25 reduce the porosity of the surface layer of the porous
. 8i in order to realize an excellent epitaxial growth in

terms of the quality of the device formed on the SOI



- 17 - substrate, while increasing the porosity of the inside of the porous
Si for easy separation of the bonded wafers. Thus, as described in an
exanpl e di scl osed in Japanese Patent Application Laid-Cpen No. 7-302889, it
5 has been a known practice to nodify the’ porosity of the porous S

| ayer by controlling the electric current used in an anodi zati on process.
On the other hand, Japanese Patent Application Laid- Open No. 8-213645

di scl oses a nethod of nechanically 10 destroying a porous Si layer in

order to separate evice formng la ef fr m te t whj ch,

former has beenéﬁggﬁgﬁg al‘[’lﬁ"o%%h &fr%% $ore &CI‘I% n? Jg cﬁ on of
the porous |ayege , ]§“Qi ates are
15 separ at edéal onghg&%%l?%lrjgslfr%greélér#/a%%)%ﬁér ebet ween elt ilréedr by
mechani cal |y deghgeysng m@spoagtﬁeé@yﬂe&rnbya&%&a@ié Nl ddEoSd £CEK | C
current used in an anodi zation process to nodify the porosity of the porous
| ayer. 20 J&bahbss cratét  BFpPIicRCiOn Bid Y0P evd ermedoig8Te i® the
bonded wafers to separate them al ong the porous |ayer disposed therebetween
can resul tsi n uhast badrda skenawat practicée heo waddt Sy ative pdimsbondef] the f aces
thereof if the bonding strength holding the wafers 25 together is

smal | er than t hporeuhalichaysr reygetntfol hingorheseBctiale@rcwrrent t he

porous | ayer has one or nore than one nechanically weak |ocal regions. If a
used in an anodization process.

On the other hand, Japanese Patent Application Laid-
Open No. 8-~213645 discloses a method of mechanically

10 destroying a porous Si layer in order to separate a
device forming layer from a substrate to which the
former has been bonded, although it does not describe
the configuration of the porous layer. Anyhow,
conventionally, a pair of bonded substrates are

15 separated along a porous lafer arranged therebetween
either by mechanically destroying the porous layer or
by controlling the electric current used in an
anodization process to modify the porosity of the
porous layer.

20 Of these, the technigue of applying external force
to the bonded wafers to separate them along the porous
layer disposed therebetween can result in unintended
separation of the wafers along the bonded surfaces
thereof if the bonding strength holding the wafers

25 ‘ together is smaller than the mechanical strength of the
porous Si layer or if the porous layer has one or more

than one mechanically weak local regions. If a



-18- technique that does not involve a bonding process is enployed, the
process of separating the wafers along the porous |ayer has to be
controlled rigorously in order to separate_them nechanically w thout fail.
5 Japanese Patent Application Laidfcﬁén'hb. 5-211128 proposes a

met hod of separating a pair of bonded wafers conprising a step of formng a
bubbl e | ayer by ion inplantation and a subsequent step of crystal
rearrangenent and cohesi on of bubbles by heat treatnent 10 so that the

wafers may be Q%@h%% gg,%boa;'dgﬁ%{] rfith9n 8190 BEaRHRY prouat sBovever.

this method is acco obl'em o lculty Wi th which the heat

treatnment is opiidiARMA 2R PR ddeRs0h 2 seParbeipgr dhd Garer@e alehgeen 400
and 600[err]C.Q%Fﬁ%s not 15 tﬁ’prpossibles!te% supprgés t he above descri bed

generation of WadpoMdus e ra Ha@ivtice BRE cdinttire 1.add &1 gelriotls 1yoiits cannot
be elimnated if the bonded wafers are subjected to another heat treatnent
process after idmidrwritiseparaiten theim meidhanicaldyhenrd thouds fatils reducti on
in the 20 si ze and nunber of voids is a phenonenon that appears when the
pair of b@ded waflapmrerse (Redterttr dgipdd catilong haidmpoesn Noe HrdlAdAsd not
occur if the bonded wafers are heat treated after the formation of a thin
film The net reeapases amsthed afdisereratingae Padat @npopged wihersye an
i ncreased strength of the zone binding the wafer% toqgther Addi tional ly,
this net hod i n@MmMRELsing a step of forming a bubble layer by 1ion

implantation and a subsequent step of crystal
rearrangement and cohesion of bubbles by heat treatment

10 so that the wafers may be peeled off from each other
along the bubble layer. However, this method is
accompanied by a problem of difficulty with which the
heat treatment is optimized and fhe use of a low
temperature range between 400 and 600°C. It is not

15 possible to suppress the above described generation of

" voids with such a low temperature range, which voids |

cannot be eliminated if the bonded wafers are subjected
to another heat treatment process after the formation
of a thin film. In other words, the reduction in the

20 size and number of voids is a phenomenon that appears
when the pair of bonded wafers are heat treated at high'
temperature and would not occur if the bonded wafers
are heat treated after the formation of a thin film.
The net result of such an additional heat treatment

25 will be an increased strength of the zone binding the
wafers together. Additionally, this method involves a

step of polishing the surfaces of the substrates after



step of polishing the surfaces of the substrates after -19- they are
peel ed of f fromeach other, which step can degrade the distribution of film
t hi ckness. As descri bed above, each the known techni ques of separating a

substrate along a porous layer is 5 acCoH%aﬁied by its specific problens
t hat have to be dissolved to adapt itself to the rapidly expanding
applications of the bonded SO technol ogy, which will be sunmarily

described below. A light transmtting substrate typically nade of 10

gl ass plays an EHB?rkéatBEQE digf? EPB@?&cheaéﬂércoaﬂiéﬁiQgeg +£Hht
receiving device or a projection type T'iqurt crystél I'mage drsplay
apparatus. A hi gbopgrbOtABNAsHEiLEedH! 6F ES1RCONLERACLE, Teal ize a hi gher

density, an enhanCed resolution and an inprove definition for the

pi xel s arranged in g4CHedceeBEQ' aBbva, db&8B8ha¥haPRAGRA UBecHRiIGRES &I S
requirenent, it is necessary to forma single crystal layer on a |ight

transnmitting subepagheing hhsubksbeatdevalengaar pogedsobayse ssbstrate nay
al so show an excellent crystallinity. 20 Additionally, the use of such a
single cryStal begompanked by pbssspeeifibci ppbblems thatrhahertd kércuit
for driving pixels and a circuit for processing i nages on a substrate
carrying the pi 2dssodweflt tbnadaptr itsedibvhei thet hrapsdly expandtngase its
operating Speedépplications of the bonded SOI technology, which will
be summarily described below.
A light transmitting substrate typically made of
10 glass plays an important role in a contact sensor
comprising a light receiving device or a projection
type liquid crystal image display apparatus. A high
performance drive device is required to realize a
higher density, an enhanced :esolution and an improved
15 definition for the pixels arranged in such a sensor or
a display apparatus. To meet this requirement, it is
necessary to form a single crystal layer on a light
transmitting substrate so that the devices arranged on
the substrate may also show an excellent crystallinity.
20 Additionally, the use of such a single crystal layer
makes it possible to implement a peripheral circuit for
driving pixels and a circuit for processing images on a
substrate carrying the pixels on it in order to
downsize the chip and increase its operating speed.
25 However, a light transmitting substrate typically of

glass can carry thereon only a non-crystalline thin Si

layer or a polycrystalline thin Si layer at best to



25 However, a light transmitting substrate typically of glass can
carry thereon only a non-crystalline thin Si layer or a polycrystalline
thipn Si layer at best to -20- reflect the disorgani zed crystal structure
of the substrate and hence such a substrat &% § not adapted to high
performance devices. This is principally because the substrate shows a
non-crystalline structure and 5 = hence cannot produce a high quality
single crystal layer on it if an Si layer is formed thereon by deposition.

I n other wor ds,r@f%o& %ﬂ%?ﬂédzﬁi’au@zé@%s@a@ﬂ U e ighe Si layer is

not adapted to ‘produce a Ive ClI t on 1t that operates

satistactorily hacauseofadd SelRle Gt o 3istratd Ul vict abiigtelss oy

there is an ever-increasing denand for an advanced SO technology for
produci ng SO Wi rpidSformiae]ideg, faayled Qs S Pridicipallly becausé t hough
the use of a conpound sem conductor substrate is indispensable for

manuf act uri ng atle neasEItk SEs stwiicl atorteiyeea lddmeo sirusavineo radc t or
substrates are costly and nmechanically not strong so that they are not '
adapt ed t &6 pr ochence damget pretue Ehdrighorauality sigfglsy orwsdbed been paid
to produce a conpound sem conductor by hetero-epitaxial growh on an S

waf er that can kRweryomelweke an Hadayen dgyLamahddegeop by

deposition..
In other wdrds, a non-crystalline Si layer or a
polycrystalline Si layer is not adapted to produce a

10 drive circuit on it that operates satisfactorily
because of its defective crystal structure. This is
why there is an ever-increasing demand for an advénced
SOI technology for producing SOI substrates including
bonded SOI substrates.

15 Although the use of a compound semiconductor
substrate is indispensable for manufacturing a compound
semic&nductor device, compound semiconductor substrates
are costly and mechanically not strong so that they are
not adapted to producing large wafers. Therefore,

20 efforts have been paid to produce a compound
semiconductor by hetero-epitaxial growth on an Si wafer
that can easily be made to have a large surface area.

While researches are being made to epitaxially grow
a compound semiconductor such as GaAs on an Si

25 substrate, the grown film typically shows a poor

crystallinity and henée is poorly adapted to being used

for semiconductor devices mainly due to the difference



Wil e researches are being made to epitaxially grow a conpound

sem conduct or such as GaAs on an Si 25 substrate, the grown film
typiical Iy shows a poor crystallinity and hence is poorly adapted to being
used for sem conductor devices mainly due t®-the difference -21- in the

| attice constant and the thermal expansion coefficient between them
Meanwhi | e, researches are al so being made to epitaxially grow a conpound
sem conductor on a porous 5 Si layer in order to mtigate the above

i dentified Iatt €4 Hés{ét?ﬁ#% §b£§¥£ﬁ? é% rtﬁ55$$fa%gé§aéfg§table and

can change mnth | fe” SO e nor as substrate

during and aftegtpe; op, ty f o5& N9 deV|ces thereon. Thus, there is
10 i mplied a&%%edl? &ﬁ@ %gﬂ 68§ of producing a bonded SO substrate

with which a corrpwasinﬁﬁméonﬁégé&fchés% ADs®Pbd fod ahdde JES®W On a porous
Si | ayer and the grown conpound sem conductor is transferred onto anot her

substrate. 15 SePAMENL&NLYHrdWNVENSbfipbUMA Véededndietad oo &l esorobed
circunstances, it is therefore an object of the present invention to

provi de a ﬁethoslolayenuincondengta.mﬁtigmhduth@rabmWecideﬁrnfledonpr|S|ng
a step of bonding a pair of substrates,

lattice misfit but a porous Si layer is thermally
unstable and can change with time so that it is not
stable nor reliable as substrate during and after the
operation of forming devices thereon. Thus, there is

10 implied a need for a technology of producing a bonded
SOI substrate with which a compound semiconductor is
made to epitaxially grow on a porous Si layer and the
grown compound semiconductor is transférred onto
another substrate.

15
SUMMARY OF THE INVENTION

In view of the above described circumstances, it is

therefore an object of the present invention to provide
a method of manufacturing a semiconductor article

20 comprising a step of bonding a pair of substrates,
wherein part of the substrates is reused as raw
material for manufacturing another semiconductor
article.

Another object of the present invention is to

25 provide a method of manufacturing a semiconductor

article, characterized by comprising steps of preparing

a first substrate including a silicon substrate having



wherein part of the substrates is reused as raw material for manufacturing
anot her sem conductor article. Another object of the present invention is

to 25 provi de a method of manufacturing a sem conductor article,
characterized by conprising steps of pr ep‘ar%ﬁg‘ a first substrate including
a silicon substrate having - 22 - a porous silicon layer and a nonporous

sem conduct or | ayer arranged on the porous silicon |ayer, bonding the first
substrate and a second substrate to produce a nultilayer structure with the

nonpor ous semi Cgrgél'rc‘s‘?%eéinh’r?‘%‘??;‘{e?épcﬁ‘fda iﬂgﬁ{gﬂrﬁlgsgc ng%i%gi%'{%mfi rst and

second sgbstrates 0 i structure ng t he
porous silicon i&&‘é’f é’b’rél?@éd Sh tHge %ﬁd&@@flﬁidr&'qtééfé‘r,a%ﬂﬂﬂy'%t he

porous silicon layer remaining on the separated second substrate.” 10

Still another opjigst Qibdhieaty anedla i SBEEHd BuBStELeP Y iplodudetdiod of
manuf acturing a sem conductor article, characterized by conprising steps of

preparing a fi rmhileibsysntectuetush ngith Sthe amhpodinig atemivondgstaoPor ous
silicon | ayer and a nonporous sem conductor 15 | ayer arranged on the .
porous sil%con layer,ldwakkdglndiadd, regpardsingatthanftirzstamhdceadrslirate to
produce a nmultilayer structure with the nonporous sem conductor | ayer

| ocat ed i nsi de, sukptrakes £ Hehe inwltilryer feucture from each other

along the porous silicon layer by heating the
multilayer structure and removiné the porous silicon
layer remaining on the separated second substrate.

10 Still another object of the present invention is to
provide a method of manufacturing a semiconductor
article, characterized by comprising steps of preparing
a first substrate including a silicon substrate having
a porous silicon layer and a nonporous semiconductor

15 layer arranged on the poroﬁs silicon layer, bonding the
first substrate and a second substrate to produce a
multilayer structure with the nonporous semiconductor
layer located inside, separating the first and second
substrates of the multilayer structure from each other

20 along the porous silicon layer by heating the
multilayer structure, removing the porous silicon layer
remaining on the separated second substrate and reusing
the substrate obtained by removing the porous layer
remaining on the separated first substrate as material

25 of another first substrate.

A further object of the present invention is to

provide a method of manufacturing a semiconductor



substrates of the nultilayer structure fromeach other 20 al ong the
porous silicon layer by heating the nmultilayer structure, renoving the
porqus silicon layer remaining on the separated second substrate and
reusing the substrate obtained by renoving 2he porous | ayer remaining on

the separated first substrate as material 25 of another first substrate.
A further object of the present invention is to provide a nethod of
manuf acturi ng a sem conduct or -23- article, characterized by conprising

t f Lng.a first bstrate.i.ncluding. a. silli trate h
por ous si |1 con PRUAFLanSheRATREr B B, coedite s Y B o”
i b ' ; f 1 t
Clbstrate to prodheess Ruprrraberideiuathd 3 SRROE QB & $ellthg

sem conduct or 'ﬁyﬁér Ggaéfﬂié%'fi&]{ef%?&aé'ﬂ&%%ﬁé I SdmAKh

substrates of the nmultilayer structure fromeach other along the porous
silicon | ayer byapeantafBahded 16n thdlpdrday ei Biddietler |/ GiBNd iy i
porous silicon |ayer remaining on the separated second substrate and

reusi ng the subgfiretesabstratd dydresadcogd tdubparats taywrodwrsmiani ng on
the separated first substrate as material of another second substrate. 15
Wth the known melhbllayvef stpactiregeitie tundechpolsus satesicadnduotdn i | ayer

structure al ong the porous
layer located inside, separating the first and second

substrates of the multilayer structure from each other
along the porous silicon layer by heating the

10 multilayer structure, removing the porous silicon layer
remaining on the separated second substrate and reusing
the substrate obtained by removing the porous layer
remaining on the separated first substrate as material
of another second substrate.

15 With the known methods of separating the bonded
substrafes of a multilayer structure along the porous
Si layer by externally applying pressure to the
structure, they would come off from each other along
the iﬁterface that is mechanically not strong or has,.

20 if any, mechanically weak areas. To the contrary, the
method according to the invention utilizes the fact
that the porous Si layer is structurally fragile and
comprises a step of heating the entire multilayer
structure obtained by bonding a pair of substrates or

25 at least the porous Si layer or its vicinity so that
the substrates can be separated from each other along

the porous Si layer with ease because of the thermal



Si layer by externally applying pressure to the structure, they would cone
off fromeach other along the interface that is nechanically not strong or
has, 20 i f any, mechanically weak areas._ _To the contrary, the nethod
according to the invention utilizes the fact4that the porous Si layer is
structurally fragile and conprises a step of heating the entire multil ayer
structure obtained by bonding a pair of substrates or 25 at |l east the
porous Si layer or its vicinity so that the substrates can be separated

fromeach other 2lgag LUg-RRrHS«Rh L oAER UL ! PaE381 bEERUA o8 ol hes1 her

- 24 - stress generate ere and/or 't or ous

Therefore, th ' ' th (S '
erefore, the ig%wur@hbegfgie, E?eoﬁg§§%§réﬁ¥8ﬁ Qﬁe&alag#,opeeg!gf any

problem In other“words, 1t or osi uni form or erentiated to 5

stratify the | ayggeknab@sMholl pPEY2aE! ¥ny peEbiémRNAl LN, cBRESI HbRgs O the
I nvention, the porous Si |ayer can be subjected to internal pressure that

is attributabl eite pbeokheymbysbecafiigentr ot edifhefrenbyatéd! tai ng the
fragility of porous Si so that the substrates may be 10 separated al ong
t he porous5Si | asxeatifivathel Layent inl tedmsaofiepordéihyt heAddbbonal hpds of
manuf acturing a substrate by bonding a pair of conponent substrates, the
first substrateacsprdabgt tat shej nventped, orhet pprguaf$1 layer can be
subjected to internal pressure that is attributable to
the thermal stress generéted there by utilizing the
fragility of porous Si so that the substrates may be
10 separated along the poroﬁs Si layer in a well
controlled manner.
With the known methods of manufacturing a substrate
by bonding a pair of component substrates, the first
substrate (Si substrate) is scraped or etched off
15 gradually from a side thereof so that it is not allowed
to bond the first substrate onﬁo a support structure on
either side. With the method of the present invention,
to the contrary, the first substrate is allowed to
maintain its original profile throughout the entire
20 process except a surface layer so that it may be bonded
onto a support structure on either side in such a way
that a pair of multilayer structure substrates may be
prepared by using a single first substrate to
remarkably improve the manufacturing productivity. It
25 will be appreciated that, with this arrangement, the
first substrate can be reused after it is separated

from the second substrate.



15 gradually froma side thereof so that it is not allowed to bond the
first substrate onto a support structure on either side. Wth the nethod of
t he; present invention, to the contrary, the first substrate is allowed to
maintain its original profile throughout thé&Sentire 20 process except a
surface layer so that it nay be bonded onto a support structure on either
side in such a way that a pair of nultilayer structure substrates nmay be
prepared by using a single first substrate to remarkably inprove the

renutactur b odg by . Sy PhbladEadRROPCIRh Srddhg v D 1S

arrangenment, the firs reu I'S Separated from

the second Subsifgbgeion - 285 ASLL QUBLLYxcdi Ll thE gEphodegl Ehsyoresen

i nvention, the rst su r can be separate rom second substrate

at a tinme by utthbzk88ohlCsRBEEHALE YL at Bihe NBY @tiﬁiﬁfn?rﬁﬁetﬁbféggce the
time and cost 5 required for the separating step and efficiently

transfer a nonppages tha® hasmatDatgeSafesi 88! Le@iiyst Bhe Stim@y&nd Ofost
single crystal conpound sem conductor |ayer having a very |large and fl at

surface arBa angdeghimedgfen eheetbparatingtatépnang.effioidetlwords, 10
t he met hod of the present invention provides an SO structure conprising a
single crystal Srahafer &oneppovouanthisufdlmobhéatyks andihglengrestaven
film | Si layer or a single crystal compound semiconductor
layer having a very large and flat surface area and
showing an excellent crystallinity. In other words,
10 the method of the present invention provides an SOI
structure comprising a single crystal Si layer formed
on an insulation layer and having an even film
thickness at high yield.
If laser is used as heating meéns for the purpose of
15 the invention, only one or more than one specific
layers can be made to absorb laser energy and become
heated without heating the entire substrate obtained by
bonding component substrates. More specifically, by
selecting a laser beam having a wavelength that can be
20 absorbed only by the porous Si layer or a layer located
near the porous Si layer, the layer may be locally
heated.
On the other hand, with the method of the present
invention, the porous Si layer may be heated by causing
25 an electric current to flow through the porous Si layer

or along a plane located close to the porous Si layer.

According to the invention, the first substrate (Si



t hi ckness at high yield. If laser is used as heating neans for the purpose
of 15 the invention, only one or nore than one specific |ayers can be
made to absorb | aser energy and becone heated w thout heating the entire
substrat e obtai ned by bondi ng conponent sob4frates. Mre specifically, by
selecting a | aser beam having a wavel ength that can be 20 absor bed only
by the porous Si layer or a |ayer |ocated near the porous Si |ayer, the

| ayer may be locally heated. On the other hand, with the nmethod of the

present inventi r C [ . an
el ectric curren?u?gk??5§ﬁtﬁ$§g§% %ﬁégégggﬁgggiQ?Qég?tgggaf%%géa %?%n%l _
located close tQal,B8 BAbSYPatE tRYPEErORCOT fhPEnbPmbPE, | BNESt EPRstt he first

substrate (Si -26- substrate) can be reused after separating the porous
Si layer substrgpBstiacel (90 shbsthatanr fayt besréus6d SUPSATRuRbES of
substrate) may be reused for a nunmber of tines until it cannot feasibly be

used due to a redmesduhtil frecbanhet! feaseblyyhbe Thgedededtacaoredugedo t he
invention is free fromscraping, polishing and etching steps that is :
i ndi spensabl e fmechhsicehpatabhgthnown net hods and taken for renoving the
first substrate and exposing the 10 porous Si |ayer because the two
conponent substrat &se method according to the invention is free from
scraping, polishing and etching steps that is
indispensable for the comparable known methods and
taken for removing the first substrate and exposing the
10 porous Si layer because the two component substrates
can be separated at a time along the porous layer
having a large surface area according to the invention.
Additionally, the plane along which the two component
substrates are separated can be strictly defined to a
15 given depth in the porous Si layer by implanting ions
of at least one of a rare gas element, hydrogen and
nitrogen with a projection range corresponding to the
given dépth in the porous Si layer so that the porous
layer left on the second substrate shows an even
20 thickness and can be removed uniformly by means of an
etching solution with a not particularly excellent |
selectivity.
\ . Thus, according to the invention, a nonporous
semiconductor layer (an Si layer, a compound layer or
25 some other layer) having a large surface area, an even

thickness and an excellent crystallinity can be formed

economically on a second substrate (made of a



can be separated at a tine along the porous |ayer having a |arge surface
area according to the invention. Additionally, the plane al ong which the
two ;conponent substrates are separated can be strictly defined to a 15
given depth in the porous Si layer by inpta@fing ions of at |east one of a
rare gas el enent, hydrogen and nitrogen with a projection range
corresponding to the given depth in the porous Si |ayer so that the porous
layer left on the second substrate shows an even 20 t hi ckness and can be

renoved unifor mﬁ}%y‘ an %Igf %El f n%%sol on vm%hela npa%eﬁéglf cularly
r ot

excel | ent sel ec? |on a nonpor‘ous

sen conduct or Iaye.f. eg%a% Iaé(ﬁé g&;@%% cﬁ]eﬁé ‘g’ﬁi s excelﬁ der

| ayer) having a larg ace area an even 1 ent

crystallinity cgs @&u@é&@@rf&@”&@é@i&dn&ib@oﬁ%ﬁé’bﬁﬁ ﬁsi(r@df of a

- 27 - sem conductor, an insulator or sone other material). Theretore, the

present i nventlﬁﬁnﬁé@aﬂseéem@@sdwlt@f Teypatt AGHIE ¢ Onay S8 & GEhiFTeor
article conprising a nonporous sem conductor |ayer (which nay be a single 5

crystal Sislayetrgstal s§hgleyer yoi aa sihmgbe neryetal crshmdunid | ayer) formed
on a transparent substrate (light transmtting substrate) and having a
crystallinity ceepicabiector alayey) eferned aon vaferansparent substrate
(light transmitting substrate) and having a
crystallinity comparable to a single crystal_wafer that
is excellent in terms of productivity, even thickness,
10 controllability and cost.

Additionally, the present invention provides a
semiconductor article comprising a single crystal
semiconductor layer showing an evenly flat surface and
an excellent crystallinity over a large area by means

15 of a selective etching technique that can realize a
remarkably high selective etching ratio.

Finally, the present invention provides a method of
manufacturing a semiconductor article that can be used

in place of costly SOS or SIMOX for preparing a large

20 scale integrated circuit having an SOI structure.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A, 1B and 1C are schematic cross sectional
lateral views of a semiconductor article being
25 manufactured by a method according to the invention,
illustrating different manufacturing steps in a mode of

carrying out the invention.



Is excellent in ternms of productivity, even thickness, 10

controllability and cost. Additionally, the present invention provides a
semconductor article conprising a single C#%Stal sem conductor | ayer
showi ng an evenly flat surface and an exceélfent crystallinity over a |large
area by neans 15 of a selective etching technique that can realize a
remar kably high selective etching ratio. Finally, the present invention
provi des a nmethod of manufacturing a sem conductor article that can be used

in place of costlyppel. 05aSI HE r-Qrgpar 96rd8 S€abfal
integrated circuit having an Sé?ﬁgt%gcgﬁre.egﬁﬁ%iE%E%%#ﬂ%ﬂ?%hlCF %HE

DRAWNGS FI GS. 1AtetBla9dews 8ECaSS8RIBOhEUELESSaseEELONBEiIhgt eral views of
a sem conductor article being 25 manuf actured by a net hod according to

the invention, mhhughegtired Byf AemethodbagtasdihgnfoStR@sihveationg of
carrying out the invention. -28- FIGS. 2A, 2B and 2C are schematic cross

sectional | ateralllusevatahgadseferantunaoufactuciegbstegsminuanotbeed by a
nmet hod according to the invention, illustrating different manufacturing
steps i n ahot hemo8e ofnpdvryingaecuyi theodinventidnventi on. FIGS. 3A, 3B and
3C are schematic cross sectional lateral views of a sem conductor article
bei ng FIGS. 3A, 3B and 3C are schematic cross sectional
lateral views of a semiconductor article being
manufactured by a first known method.
FIGS. 4A, 4B and 4C are schematic cross sectional
10  lateral views of a semiconductor article being

manufactured by a second known method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, the present invention will be described in
15 greater detail in terms of preferred modes and
different phases of carrying out the invention.
However, it will be appreciated that the present
invention is by no means limited thereto and covers any
other modes of realizing the invention that can be used
20 for the purpose of the invention.
[Preparation of Porous Silicon]
Porous Si was firstly discovered in 1956 by Uhlir et
al. who were studying a process of electropolishing a
semiconductor material (A. Uhlir, Bell Syst. Tech. J.,
25 Vol. 35,333 (1956)). Porous Si can be prepared through
anodization of an Si substrate in an HF solution.

Unagami reports as a result of his study on the



manuf actured by a first known nethod. FIGS. 4A, 4B and 4C are schematic
cross sectional 10 | ateral views of a sem conductor article being
manyfactured by a second known net hod. DETA #%ED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS Now, the present invefition will be described in 15
greater detail in ternms of preferred nodes and different phases of carrying
out the invention. However, it wll be appreciated that the present
invention is by no neans limted thereto and covers any ot her nodes of

realizing the |@YenhiaRiblotebaRi 8] UECE120n an'8f LASAPHLPESR ,g}oéég

i nvention. [Preparation of Porous I'con] Porous Si di scovered

in 1956 by Uhligngt ﬂhe &Qﬂsﬁéﬁéeséfdﬁbﬂgsalﬁr9&§§§r8& EORCARORPLAEIRT @
sem conductor nmaterial (A Unlir, Bell Syst. Tec Vol . 35, 333

(1956)). Por ouafSSicaﬁdbeharﬁé@beﬂohhpﬁueeeagodnza_tm@m@f & Si substrate
in an HF solution. Unagam reports as a result of his study on the - 29

- dissolutive rdestribedf b&lown(an Ghaganil} zat i Bheptooekemt hSdct hevol.
exi stence of holes is required for anodi zation of Si and the reaction
proceeds i b a n&ﬁﬁed7és(ﬂ68600bed bel ow (T. Unagam, J. El ectrochem Soc.
YbLé[grr] 127,476 g1980£LF 3 (5_%;5 t)%%}a)g[g%r] [err] SiFlerr] + 2H[err]

SiF, + 2HF - SiF, + H,

SiF, + 2HF - H,SiF,
or

10 Si + 4HF + (4-A)e' - SiF, + 4H' + Ae”

SiF, + 2HF - HzéiFs
where e* and e'_represenf respectively a hole and an
electron and n and A represent respective numbers of
holes required for dissolving a single Si atom. The

15 report says that porous Si is formed when the condition
of n>2 or A>4 is met.

Although a conclusion that can be drawn from the
above is that P-type Si can be made porous under the
existence of holes whereas N-type Si cannot be made

20 porous, in reality, both N-type Si and P-type Ni can be
turned porous under certain conditions.

According to the invention, single crystal porous Si
can be formed through anodization of a single crystal
Si substrate typically in an HF solution. A porous Si

25 layer shows a spongy structure where pores with a

diameter between 10! and 10nm are arranged with

intervals between 10! and 10nm. The density of poroﬁs



Si.F[err] + 2HF [err] SiF[err] + Herr] SiF[err] + 2HF [err] Herr]Si Flerr]
or 10 Si + 4HF + (4-[err])e[err] [err] SiFerr] + 4H err] +
[erg]e[err] SiF[err] + 2HF [err] Herr]SiFlerr] where e[err] and e[err]
represent respectively a hole and an el ectr3® and n and X r epr esent
respective nunbers of holes required for dissolving a single Si atom The
15 report says that porous Si is forned when the condition of n>2 or
[err]>4 is net. Although a conclusion that can be drawn fromthe above is

that P-type Si gan.bg ggd%ﬁgﬂgsvg eﬁeEQ&eﬁXﬁsieQﬁgtﬁf?\g}a&ﬁs bgmreas

N-type Si cannot be ma orous, Tnreality type and

P-type Ni can bgatyingdiRar QufcHAfRhtEEh! 8k NcRENHF! LSt A CHEHEEn S t he
i nvention, single CryStal porous Si can be forned through anodi zation of a

single crystal ghasgbst aAlfotYBYCRhL¥ihg eﬂeHEuﬁﬁéﬂti@@nsftgomus Si 25
| ayer shows a spongy structure where pores with a dianeter between 10[err]
and 10nm are arcangedse tb théecaakstPedeeindDéecrystall sOnthatfhesdensity
of porous -30 - Si can be nade to vary between 2.1 and 0.6g/cnierr] by .
varyi ng thé coneguailatoof.d8gytm® HF Xolathern wistdae rths) ramdsAGn @fd/ or by
varying the current density in contrast to the density of single crystal S
that is porous Si is variable. While porous Si can be made to
show a density less than a half of that of single
crystal Si, it maintains the properties as single
crystal Si so that a single crystal Si layer can be
10 formed by epitaxial growth on a porous Si layer.
A porous Si layer has a density that is less than
the density of a single crystal Si layer because it
contains a large number of voids in the inside. |
Consequently, a porous Si layer shows a dramatically
15 large surface area relative to the volume it occupies.
This means that a porous Si layer can be etched ét a
rate by far greater than the rate at which an ordinary
single crystal Si layer is normally etched.
While porous Si shows a mechanical strength that
20 varies depending on its porosity, it is presumably
lower than that of bulk Si. For instance, if a porous
Si layer shows a porosity of 50%, it may be safe to
assume that its mechanical strength is about a half of
that of a comparable bulk Si layer. In. other words,
25 when a wafer formed by bonding a pair.of substrates is

subjected to compressive, tensile or shearing force,

the porous Si layer arranged therebetween will be



5 equal to 2.33g/cnB8. In other words, the porosity of porous Si is
variable. While porous Si can be made to show a density |less than a half of
that of single crystal Si, it maintains the froperties as single crystal S
so that a single crystal Si layer can be 1031 ~formed by epi taxial growth
on a porous Si layer. A porous Si |ayer has a density that is less than the
density of a single crystal Si |ayer because it contains a |arge nunber of
voids in the inside. Consequently, a porous Si Iayer shows a dramatically

that a porous STPEFBTSRafiEa b ehehtatha FAYEr LYo oF LPEIE PR The rate
at which an ord&@agxlaagglg §E¥§%%htﬁ&Fha¥féﬁié OpEgRpL! Yy etched. Wile

porous Si shows a nec rcar vari es depending on its

porosity, it is preadpebbyel 9&?6r§:§a§a {08y PhabUhkcsb-cEPiciOS I REGEng! T 2
porous Si |ayer shows a porosi 't may be safe to assune that its

mechani cal st reagatﬂainétébohétﬂeéﬁ| éeoérahahaﬂ&méteﬁgpaﬁabtenb%k Si layer.

In other words, 25 when a wafer formed by bonding a pair of substrates .
i s subj ect 8&d t osegspaksaamemetapsi tanobesfermedgihoacpietdcopobolk S | ayer
arranged therebetween will be - 31 - destroyed firstly. If the |layer has

a | arge porositge at canbkenbeatidenr of etlOWi fickhi thyt eimgflfagrtting helium or
hydrogen ions and heat treating the piece particularly
in the area where ions are implanted (see, inter alia,
A. Van Veen, C. C. Griffioen and J. H. Evans, Mat. Res.

10 Soc. Symp. Proc. 107 (1988, Material Res. Soc.
Pittsburgh, Pennsylvania) p. 449). Recently, a number
of researches are being conducted for utilizing a group
of micro-cavities for a gettering site of a metal
impurity.

15 In an experiment conducted by V. Raineri and S. U.

' Campisano, helium ions were implanted into a substrate
of bulk Si, which was then heat treated to form a group
of micro-cavities therein and subsequently subjected to
an oxidation process where a groove was formed in the

20 substrate to expose a lateral side of the micro-cavity
group. They report that the micro-cavity group was
selectively oxidized to produce a buried Si oxide
layer, which showed an SOI structure (V. Raineri and S.
U. Campisano, Appl. Phys. Lett. 66 (1995) p. 3654).

25 However, with the technique they employed, the
thickness of the surface Si layer and that of the

buried Si oxide layer are limited to respective ranges



There are reports saying that mcro-cavities having a dianeter between-
several nanoneters and tens of 5 several nanoneters can be fornmed i
pi ece of bulk Si to a concentration of 10[§%i]lcn{err] by inplanting helium

or hydrogen ions and heat treating the pie

particularly in the area

lons are inplanted (see, inter alia, A Van Veen, C. C. Giffioen and
Evans, Mat. Res. 10 Soc. Synp. Proc. 107 (1988, Material Res. Soc.
Pittsburgh, Pennsylvania) p. 449). Recently, a nunber of researches ar

bei-ng conducte
site of a netal

I mpurity.
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an experinment conducted by V.” Raineri-

and S. U. Canpi $8f0re ki ti0h OBF ¥KE Sstr@dfYdithrdEdd oy VBN I alerddsdall K
Si, which was then heat treated to forma group of mcro-cavities therein

and subsequent | yo Bk €5t ©ehd Ot fifle OXF etk DA IV CATS av) b Sera CLEODVEE Was
formed in the 20 substrate to expose a lateral side of the mcro-cavity
group. They reppoimihgtatdeodver s aaedéysapy ufomase bateive vaexidaiah zed to
produce a buried Si oxide |layer, which showed an SO structure (V. Ra
and S. U. Fanpi santha¥pgh. SChystraecture céann@yPe prayyzgd o the However,

gue they enployed, the thickness of the surface Si |ayer and
that of the bureebtise swrfiece 9&rthe esybst¥¥a¥R+o respective ranges

with the techni
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[Nonporous Semiconductor Layer]

For the purpose of the present invention, a
nonporous semiconductor layer can be formed preferably
by using a material selecfed from single crystal Si,
polycrystalline Si, noncrystalline Si and compound
semiconductors including GaAs, InP, GaAsP, GaAlAs,
InAs, AlGaSb, InGaAs, ZInS, CdSe, CdTe and SiGe. A
nonporous semiconductor layer that can be used for the
purpose of the present invention may substantially
contain one or more than one FETs (field effect
transistors).

[First Substrate]

For the purpose of the present invention, the first
substrate includes a silicon substrate having therein a
porous silicon layer and carrying a nonporous
semiconductor layer arranged on the porous silicon
layer. An insulation layer such as SiN, Si0, may be
formed on the nonporous semiconductor layer. It may be
prepared by forming a nonpofous semiconductor layer on
the porous silicon layer in the silicon substrate or by

forming a porous silicon layer in part of a silicon

neri-.

-32-



that allow both the formation of a mcro-cavity group and rel axation of the
stress generated by the increased volune at the tinme of oxidation and an
operation of formng a groove is necessary for selective oxidation 5 SO
that an SO structure cannot be produced on38he entire surface of the
substrate. [Nonporous Sem conductor Layer] For the purpose of the present

I nvention, a nonporous sem conductor |ayer can be fornmed preferably 10

by using a material selected fromsingle crystal Si, polycrystalline Si,

noncrystal line g ,and und sem conduct Qrs jncl uding. nP, GaAsP,
Gl o s ARkEEaFRBAY IR ERLERLR S BodobRELe ool BATASLO

sem conduct or Igéggrghat can be used for the 15 pur pose of the present

i nvention may subStantially contain one or nore than one FETs (field effect

transistors). [Firgt n&Pékbaée];eﬁﬁzeoha_ﬁc{eai-p@afegf chheper e68Rkai oxeqti on,
the first 20 substrate includes a silicon substrate having therein a

porous silicon baysusaBéleabhylaged 89PREADUG BgMneéanguctoa Cwyer arranged
on the porous silicon layer. An insulation |layer such as SiN, SiJerr] nay.
be fornmed &n t héesbnpqueuseleontednfinromovataymr CVD{ physba Q8D, photpared by
form ng a nonporous sem conductor |ayer on the porous silicon layer i'n the
sili con substraf¥DoanByMpoEHPn{matpdrouganiti C¥R)| agesputiteningof a silicon
technique (including a bias sputtering technique), a
molecular beam epitaxial growth technique or a liquid
phase growth technique.
10 . [Second Substrate]
For the purpose of the present invention, the second
substrate onto which the nonporous semiconductor layer
is transferred from the first substrate may be selected
from a semiconductor substrate such as a single crystal
15 silicon substrate, a semiconductor substrate carrying
an insulation film such as an oxide film (including a
thermally oxidized film) or a nitride film on the
surface- thereof, a light transmittiAg substrate such as
a silica glass substrate or a glaés substrate, a metal
20 substrate and an insulating substrate typically made of
alumina depending on the application of the finally
prepared semiconductor article.
[Bonding]
For the purpose of the invention,'the first and
25 second substrates are bonded to each other to form a

multilayer structure with the nonporous semiconductor

layer located inside. The multilayer structure may



- 33 - substrate having therein a nonporous sem conductor |ayer. A

nonpor ous semnm conductor |ayer can be fornmed on a porous silicon |ayer
typiically by nmeans of a CVD 5 ‘techni que sel ected fromvacuum CVD, plasm
CVD, photo CVD and MO CVD (netal -organi c €V®#, —a sputtering technique
(including a bias sputtering technique), a nol ecul ar beam epitaxial growth
technique or a liquid phase growh technique. 10 [ Second Substrate] For
t he purpose of the present invention, the second substrate onto which the

nonpor ous sl CORAUGL A" ohaXBL 8 cREANTEELECH QNN DRe! heRbosURSt T at e Ry

be selected froma séni e su a‘sing crystal 15

silicon substra ?oﬁ?gggp ?%ggg gﬂgskﬁgtgeeaﬁéyégg ?9?E§SU|?ﬁéon film

such as an OXIde ermally oxi a nitride

filmon the SUVE&%@ttQRHeQEcoﬁd|éQBEt£5€€§”b£B'BQ §ﬂ?ﬁi§358néééh as a
silica glass substrate or a glass substrate, a netal 20 substrate and an

i nsul ati ng substbgkghbyPit¢plibrnligdatoroamUtbipetapandi By SRobbRiAgpP! i cation
of the finally prepared sem conductor article.- [Bonding] For the purpose of

t he i nventison, theifri bshddng 2hrfaceeconAddibsbnaldg, atechnhqedst 0 each
other to forn1a mul tilayer structure with the nonporous sem conductor |ayer
| ocat ed i nsi de. inkduddhgi bapdicsboudinge pugssurization and thermal
treatment may appropriatelf be used to improve the
bonding strength.
[Heating of the Multilayer Structure]
10 For the purpose of the invention, the multilayer
structure obtained by bonding a first substrate having
a porous silicon layer and a nonporous semiconductor
layer and a second substrate (in such a way that the
nonporous semiconductor layer is located inside) is
15 separated along the porous silicon layer in order to
transfer the nonporous semiconductor layer onto the
second substrate by heating the multilayer structure.
In the heating process, the entire multilayer structure
may be heated or, alternatively, only a specific part
20 of the multilayer structure such as the porous silicon
layer may selectively be heated. The specific heating
means that can be used for the purpose of the invention
may be a furnace (e.g., a heat treatment furnace) for
heating the multilayer structure to about 600 to
25 1,200°C or a laser irradiation apparatus for causing a

specific layer to absorb the irradiated laser energy

and become heated without heating the remaining areas



- 34 - contain an insulation | ayer between the nonporous sem conduct or

| ayer and the second substrate. The first and second substrates can be
firnmy bonded together typically at roon1£e§gegature by snoot hing 5

t heir bonding surfaces. Additionally, techhiques including anodic bonding,
pressurization and thermal treatnment nmay appropriately be used to inprove
the bonding strength. [Heating of the Multilayer Structure] 10 For

t he purpose of the invention, the nultilayer structure obtained by bonding

a first substrabe haw moleiRaye¥Sserlibearel aysSucAnd @agéﬂpaﬁﬁﬂﬁatus
sem conductor |ayer and a second substrate (in such a way that the

nonporous sen cAaguaker al agseri behMCRAGingnai dayeléngth thaepasat ed al ong
the porous silicon layer in order to transfer the nonporous sem conductor

| ayer onto the sbsombedubalyabg hliehpatrong Shelawkri bayar layenclocatedin t he
heating process, the entire nultilayer structure may be heated or,
alternatively, ocdbgeatoptbefporpust S20layenf anfichentei adgptedt £Qtt ure such
as the porous silicon |layer may sel ectively be heated. The specific heating
means that Scan BecaieBepsingne purpose of the invention may be a furnace
(e.g., a heat treatnent furnaceg}for heatingpthe mul tilayer strucfure to

about 600 to 25 Aposhgrefepeiblealpgad, PepRtingaPrEATIRPart: #8¥r B8R causing

a the use of an electric current that is made to flow
along the porous Si layer or a layer located close to
the porous Si layer in order to heat the éorous Si

10 layer.
[Removal of the Porous Layer]

After separating the multilayer structure that has
been prepared by bonding first and second substrates
together along the porous Si layer, the residual porous

15 Si remaining on the substrates can be selectively
removed on the basis of the fact that the porous Si
layer has a low mechanical strength and a large surface
area. Methods that can be used for selectively
removing the remaining porous Si include mechanical

20 techniques such as scraping and polishing, chemical
etching using an etching solution and ion etching (such
as reactive ion etching).

Etching solutions that can be used for a process of
selectively removing the porous Si by means of an

25 etching solution include, beside a mixture solution of
49% hydrofluoric acid and 30% agueous hydrogen peroxide,

hydrofluoric acid, a mixture solution obtained by



specific layer to absorb the irradiated | aser energy and becone heated

wi t hout heating the remaining areas 35 of the multilayer structure. Such
a | aser apparatus may use a | aser beam having a wavel ength that is absorbed
onl'y by the porous Si |layer or a |ayer |ocaggd_close to the porous Si |ayer
and hence adapted for 5 | ocal heating. Another feasible |ocal heating
arrangenment may be the use of an electric current that is nade to flow

al ong the porous Si layer or a layer located close to the porous Si |ayer
in order to heat the porous Si 10 | ayer. [ Renoval of the Porous Layer]
After separati ngahagnaltoheyetoshyacbplaotrhat absd, baenigtepar gdluyidondi ng
first and second substrates together along the porous Si |ayer, the

resi dual porousobbainedi bycaddbhggaboohbt snfisaqueeuschywdbegen| ectively
renoved on the basis of the fact that the porous Si layer has_a | ow
mechani cal strepgrhxide %ol hydeoflvenie ardd, Rueffeyed: REfrefhusEigsed for
sel ectively renoving the renainin orous_Si  include ¢chanical 2

t echni ques suchaﬁédsc?aﬁiﬁﬁuﬁﬁdSﬁgpgéﬁPnﬁPtEHBﬁFcay EH&ﬁPQQaEQPhﬁ ak®
etching solLution and iqn_etchin such as reactiye ion_etchin Et chi,n

sol uti ons Phat P&ﬁfSEeGSBHdF8F1§°%FSCES§30fa R k¥ire 8o thE oAbt E1588"

by adding aqueous hydrogen peroxide to buffered

hydrofluoric acid, a mixture solution obtained by

adding alcohol and aqueous hydrogen peroxide to

buffered hydrofluoric acid and a mixture solution of
10 hydrofluoric acid, nitric acid and acetic acid.

The semiconductor article having the transferred
nonporous semiconductor layer may preferably be heat
treated in a hydrogen-containing atmosphere,
subsequently to the selective removal of the porous

15 layer, to improve the flatness of the nonporous
semiconductor layer.

Now, the present invention will be described by
referring to the accompanyihg drawings that illustrate
preferred modes of carrying out the invention.

20 [First Mode of Carrying out the Invention]

In this mode of carrying out the invention, to begin
with, at least a single nénporous thin film 13 is
formed on the principal surface of a first single
crystal Si substrate 11 with a porous Si layer 12

25 formed right under'the nonporous thin film 13. The
nonporous thin film 13 and the porous Si layer 12 can

be forméd by any of the techniques as listed below:



sel ectively renoving the porous Si by neans of an 25 et ching sol ution

i ncl ude, beside a m xture solution of 49% hydrofluoric acid and 30% aqueous
hydr ogen peroxi de, hydrofluoric acid, a m xture solution obtained by -
36 - adding al cohol to hydrofluoric acid,-a3® xture sol ution obtained by
addi ng al cohol and aqueous hydrogen peroxide to hydrofluoric acid, buffered
hydrofl uoric acid, a m xture solution obtained by adding al cohol to 5
buffered hydrofluoric acid, a m xture solution obtained by addi ng aqueous
hydrogen peroxide to buffered hydrofluoric acid, a mxture solution
obt ai ned by addi n8) af@EHENG ad PAEEES ST hjavereh? phy caredi zation f apd d
hydrofl uoric acid and a m xture solution of 1 drofluoric acid, nitric

0 h
aci d and aceti cSUPPEIUSRELE FPEBLRGCR OROBPPTRYE FRIT i 1Rel ¥ rARsFREr ed

nonpor ous seniconducto%BI %gr may preferably be heat treated in a
hydr ogen- cont ai RPhgU8t sg P/ subsequently to the selective renoval of

Sent Conduct or 1 ayB, ERut e A BoEEus 1 L ERECT2 Chnd F AQARBLGNS et

sen conduct or resent 1 Fon w Cri

Lol 00,8 | N RCaPEnNLOG LA 1y i bbby o 81 i of
Invention] In tBhe 8Bde Phreaghyi 8vensht] NRyaP¥gahi 8Ad hOtB6§ER; and
c) implanting ions of at least one of a rare gas
element, hydrogen and nitrogen in addition to the
technique of a) above to form regions with different
10 porosities.

The nonporous thin film 13 may comprise single
crfstal Si, polycrystalline Si, noncrystalline Si,
metal film, compound semiconductor thin film or
superconductive thin film. It may additionally

i5 comprise a device structure containing one or more than
one devices such as MOSFETs. The surface level of the
bonding interface can be separated from the active
layer preferably by additionally forming an uppermost
Si0, layer. If the layer implanted with ions is

20 observed through a transmission electron microscope, it
will be found that numerous micro-cavities are existing
there. The charged state of ions being implanted does.
not matter for the purpose of the invention. The
acceleration energy applied to ions being implanted

25 will be so controlled that their projection range
matches the desired depth of ion implantation. While

the size and the concentration of the produced



with, at least a single nonporous thin film213 is fornmed on the principal
surface of a first single crystal Si substrate 11 with a porous Si |ayer 12

25 formed right under the nonporous thin film 13. The nonporous thin
film13 and the porous Si |ayer 12 can be-f®8ned by any of the techniques
as |isted bel ow - 37 - a) formng a porous Si layer 12 by anodi zation

and subsequently form ng a nonporous thin film 13 on the porous S

b) formng a porous Si layer 12 and a nonporous thin 5 film13

simul taneously by inplanting ions of at |east one of a rare gas el enent,

hydr ogen and ni Riggencavhtiies map| ¥aryngepending ep thasrabaecobiiefrare gas

el ement, hydrogen and nitrogen in addition to %ge_teihniq e of a) above to
bi¥1MBh3

form regi ons wi tMPLRRERELAR, 1§0nS BERRFEFRER

motal 111 m conBRRRBSEoreBnaheEE HROR PR ] BT RO AT

mor ot han one. dBUPEERA0EHET BB e Ea g MY SAMRCH I Sdlie
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After the ion implantation, the multilayer structure is

subjected to a heat treatment process whenever
necessary. Referring to FIG. 1A, a surface of the
second substrate 14 and a corresponding surface of the

first substrate are brought into close contact at room

~ temperature so that they may be bonded together.

Subsequently, the bonding strength between the two
substrates can be intensified by means of anode
junctioning, pressurization, heat treatment, if
appropriate, or a combination of any of these.

When a single crystal Si layer is produced by
deposition, preferably silicon oxide is formed on the
surface of the single crystal Si layer typically by

thermal oxidation before the substrates are bonded

together. While the second substrate may preferably be

an Si substrate with or without an Si oxide film formed

on the surface thereof, a light transmitting substrate

typically made of quartz or a sapphire substrate, other

appropriate substrate may alternatively be used for the

second substrate so long as the surface to be bonded to

the first substrate is sufficiently flat. While FIG.

1A shows a second substrate bonded to a first substrate



20 observed through a transm ssion electron mcroscope, it wll be found
that nunmerous mcro-cavities are existing there. The charged state of ions
bei ng i npl anted does not matter for the purpose of the invention. The

accel eration energy applied to ions being-i3®@lanted 25 will be so
controlled that their projection range matches the desired depth of ion

I npl antation. While the size and the concentration of the produced - 38
- mcro-cavities my vary depending on the rate of ion inplantation, ions
are preferably inplanted at a rate greater than about 1x10[err]/cnferr] and
preferably greawéthtdaningubptien/ tayerriS aeranged cthereketér@rpref@cti on
range, 5 a channeling ion inplantation techni gue may be used. After the
i on i npl ant at i oRPSELBEHAN 1RESEr 131 Po¥( DR OPETERD) TRER(TRY 2ORRATOEF eat ment

wh ; Ref [ to_ Fl A f th d
Substrate 14 andPAicobFBsiBndFnENeuPRERRd FUbRETAES 15 no madeoF FE- ar e

brought into cl gse, contact.at.roo ture y bonded
t oget her. Subse%ugﬂny}nFH%a%%ﬁ iﬁéﬁggrgégtﬁébgfggéﬁgéh%gfﬁ%ggugggrates can
be i ntensi i ed QXrE%aQﬁdogeéaﬂgeshﬂQEEE@%%ngheﬂrﬁéﬁ&iﬁ&aiﬁéﬂ1t8§é£her.

treatment, if 15 appropriate, or a conbination of any of thesSe. Wen a
single crystal Si WR¥ARM thé RGAPHELEHAsP¥hERPESLNI 08, mBaET 6F aBpytakiaLoy OXide

is formed on the

grown single crystal silicon or some other similar
material, the pores inside the porous Si layer can be
rearranged and cldsed to reduce the etchability of the

10 porous Si layer at the time of etching if it is
subjected to heat treatment during the process of
epitaxial growth or in a subsequent process. In order
to avoid this problem and improve the structural
stability of the porous layer, the porous Si layer is

15 preferably subjected to a preliminary heat treatment
operation that is conducted at temperature between 200
and 700°C to form a thin oxide film on the wall surface
of the pores (whiie maintaining the properties of
porous single crystal silicon) and prevent any possible

20 rearrangement of the pores.

A step as will be described below can be employed to
produce an epitaxial silicon film that is substantially
free from defects.

While a porous Si layer maintains the structure of

25 single crystal silicon, the epitaxial silicon film
formed on the surface can show defects attributable. to

the numerous pores existing on the surface of the



surface of the single crystal Si layer typically by thermal oxidation
before the substrates are bonded 20 together. Wiile the second
substrate may preferably be an Si substrate with or without an Si oxide
filmforned on the surface thereof, a |ightagransmtting substrate
typically nmade of quartz or a sapphire substrate, other appropriate

substrate nay alternatively be used for the 25 second substrate so | ong
as the surface to be bonded to the first substrate is sufficiently flat.
Wiile FIG 1A shows a second substrate bonded to a first substrate - 39

- with an i nsul pprows | Sy exavidr ar rebregefarers sbetmaebe tthagqadks idra &P | ayer
15 may be omtted when the nonporous thin film13 or the second substrate
i s not made of IGermétidcahly rcldse ithe paurfacmyohdhe REFRE bt ERYPY he 5
first and second substrates when bondi ng them t oget her. Wen the nonporous
thin filmis natkabfishreyghl | {nEe FPPEIGEH I e SRy 1RY of“g‘b#g"ot her

simlar material, the Eorgs | nsi de t gfrous Si | ayer can be rearranged
and cl osed to reeeRe PheSERIRFTYFP LISt he 10 porous Si |ayer at the

time of etching if_it i bj ected to heat ' roce of.
e:oi taxial 9r Iowt(‘:]hI 04\' {:ﬁélgng%‘béeﬁﬁ%ﬂtcﬁ?g% S@éﬁﬁ%ﬁl&ﬂ{%ﬁ%%ﬁ IE\i s pf?)bl em

and i nprove the stLuctural SLAPLLE!Ye Obnd NEoPOEOUSL | PipEr 186 PRESYS S

| ayer is 15 pre?eréb%y su%Jec%ed to a B?e I m nary heat treatnent
treatment operation to be conducted in a hydrogen-
containing atmoéphere. As a result of this heat
treatment using hydrogen, some of the silicon atoms on

10 the surface of the porous Si layer will be migrated to
hermetically close the pores exposed to the surface of
the porous Si layer. This heat treatment operation is
typically conducted at temperature between 500 and
1,300°C, preferably between 900 and 1,300°C.

15 Apart from this technique, it may also be effective
to form a silicon film on the surface of the porous Si
layer at a very low rate to close the pores exposed to
the surface of the layer by allowing gas that contains
silidon atoms to flow into the film forming chamber.

20 In the above described process of closing the pores
exposed to the surface of the porous Si layer and
forming a silicon film by epitaxial growth after the
formation of a thin oxide film on the wall surface of
the pores, the single crystal is preferably exposed at

25 the top of fhe porous Si layer to effectively close the
pores. The single crystal can be exposed by immersing

the upper surface of the porous Si layer whose pores



operation that is conducted at tenperature between 200 and 700[err]C to
forma thin oxide filmon the wall surface of the pores (while maintaining
the properties of porous single crystal silicon) and prevent any possible
20 rearrangenent of the pores. A step asiwi4| be described bel ow can be
enpl oyed to produce an epitaxial silicon filmthat is substantially free
fromdefects. Wiile a porous Si |ayer nmaintains the structure of 25

single crystal silicon, -the epitaxial silicon filmfornmed on the surface
can show defects attributable to the nunerous pores existing on the surface
of the - 40 bayerkren Foatgd withcthin exide Hplm pn LAY fCR o
hernetically close the surface of the, oroHi Si, Jayer that_ is brought into
contact with thasdaFtERiE8meYe nths OX¥ %i#f'gi’% VrTARgRA g the A

techni que that can be used for hermetically closing the surface of the
porous Si | ayerPB®hH FEat2¥Peat nent operation to be conducted in a

nydrogen-  cont ai ni pg. al pepher gy AS. & FESULs latdl Gpbeal1dygal ment using

hydr ogen, sone of rcoh atons on e surface e porous Si -

surf ace of St he Bor e | G Y e e e ypi cal |y
conducted at tegpesetate, behadesorodd @Ndlayer thereof or a layer
located close to the Silayer is heated to separate the
component substrates along the porous Si layer by means
of the generated the;mal stress or by making use of the
10 softened porous Si layer (FIG. 1B). To achieve the
separation, the entire substrate may be heated in a
heat treatment furnace. Alternatively, the porous Si
layer or a layer located close to the porous Si layer
may be locally heated by irradiating it with a laser
15 beam having a wavelength that can cause it to
efficiently absorb the laser energy. Still
alternatively, the porous Si layer can be heated by
causiné an electric current to flow along the plane of
the porous Si layer or a layer located close to the
20 porous Si layer.

Thereafter, the porous Si layer 12 is selectively
removed. If the nonporous thin film is made of single
crystal Si, only the porous Si layer 12 is etched off
by nonelectrolytic wet chemical etching by using an

25 etching solution prepared for ordinary Si etching,
hydrofluoric acid that is an etching solution for

selectively etching porous Si, a mixture solution



1,300[err]C, preferably between 900 and 1,300[err]C. 15 Apart from
this technique, it may al so be effective to forma silicon filmon the
surface of the porous Si layer at a very lowrate to close the pores
exposed to the surface of the layer by altof#ng gas that contains silicon
atonms to flowinto the filmformng chanber. 20 In the above

descri bed process of closing the pores exposed to the surface of the porous
Si layer and formng a silicon filmby epitaxial growh after the formation

of athin oxide filmon the g@il surface f { he pores t?e singl e crystal
is preferably e?%ﬁgéﬂe bysa ‘P‘Plea{: f;e ab%’? ?J]g cho r_acg'beous
effectively close.the pores. The sj C e]§§p by i mmersi ng
t he upper surfa@ dﬁ?g? p%B? @e é6 8r8€%§é€gcd%%§? E éliha.ve been

T T aneed oRYRELEPubl Ll 40y &noflcﬁ.dmfyﬁhrésséﬂﬁh{:‘?oﬁ %@M&ﬁ Byi n oxi de

filmarranged on erCsirrace hereal f er e entire substrate

(nultilayer 5 ada&ﬁgcggrgéaQ@téiBﬁQrbaléeﬂglnSrtéﬁhééﬁ§thfﬂEb§@§0nd

substrate, the porousS Si |ayer thereof a |l ayer cated close to the :
Si | ayer issheat gdrbfi8ePebabertbeedOnpaneriusibst dei@stal Dagvé hen peti@us Si
| ayer by neans of the generated thermal stress or by making use of the 10
sof tened porouss8coh8ysubétr&telthe fibmathatvekas heesepfomednonttizeentire
substrate may be heated in a

porous layer of the first substrate in advance. As

described above in detail, it is possible to
selectively etch only the porous Si by means of an

10 etching solution prepared for ordinary Si etching
because of the large surface area of the porous Si
lafer 12. Alternatively, the porous Si layer may be
selectively removed by polishing it, using the
nonporous thin film layer 13 as a polishing stopper.

15 When a compound semiconductor layer is formed on the
porous Si layer, an etching solution that provides a
high Si etching rate relative to the compound
semiconductor is used to chemically etch only the
porous Si layer 12, leaving the thin single crystal

20 compound semiconductor film layer 13 on the second
substrate 14. Alternatively, the porous Si layer 12
may be selectively removed by polishing it, using the
single crystal compound semiconductor layer 13 as a
polishing stopper.

25 FIG. 1C shows a semiconductor article that can be
produced by a method according to the invention. A

large nonporous thin film which is typically a single



heat treatnment furnace. Alternatively, the porous Si |ayer or a |ayer

| ocated close to the porous Si |layer may be locally heated by irradiating
it wth a |aser 15 beam havi ng a wavel ength that can cause it to
efficiently absorb the | aser energy. Stillk 4Bternatively, the porous S

| ayer can be heated by causing an electric current to flow along the plane
of the porous Si layer or a |ayer |ocated close to the 20 porous S

| ayer. Thereafter, the porous Si layer 12 is selectively renoved. If the
nonporous thin filmis made of single crystal Si, only the porous_Si |ayer
12 is etched of FryptadnBLethinl FLle k8t 1EheweraY é{léh%h@nioy fierngdafnos
etching solution prepared for ordinary Si etching, hydrofl 2ric cid that
is an etching sGP&tPBﬁlFSrS§€F€€Fi9€I¥h§t§ﬁ9ﬂﬁdngBﬁ§r§$? g nix?%r@n

sol ution -42-, obtained by. adding at | east _either alcohqgl 0 ueous
hydr ogen per oxi d&SH aﬁ&ﬂ?o?%ﬁﬁgFétchﬁ,uﬁﬁaf£P€d¥ﬁ?dfg??ﬂ§rﬁggﬁgga Br a

m xture sol ution ,obtai ned di . ej o] or aqueous
hydr ogen 5 p§#0x%§8 EegéFggréggﬁééPgﬁgﬁéfi%hggﬁﬁg#% ggve on the second

Substrate P adianentaqeBdsIpTER Hoe e RSy EERe Bl erYecnal, pRgibse!
. : possible to
sel ectively et chnal ¥rkhenRaig¢edShnlY sBparatell #tom each other.

Once the residual porous Si on the first single
crystal Si substrate 11 is removed from the latter, the
latter can be used as another first single crystal Si

10 substrate 11 or as another second substrate 14 after
smoothing the surface if the surface has turned
impermissibly coarse and such a smoothing operation is
necessary.

[Second Mode of Carrying out the Invention]

15 FIGS. 2A through 2C illustrate a second mode of
carrying out the invention. As shown, a porous Si
layer 22‘and a nonporous thin film 23 are formed on
each of the opposite surfaces of a first single crystal
Si substrate 21 and second substrates 24, 25 are bonded

20 to the respective surfaces with an insulafion layer 26
arranged between each of the second substrates and the
first substrate so that a pair of multilayer structures
are produced in.a single process. Otherwise, the
manufacturing steps of this mode are identical with

25 those of the above described first mode.

Once the residual porous Si on the first single

crystal Si substrate 21 is removed from the latter, the



10 etching solution prepared for ordinary Si etching because of the

| arge surface area of the porous Si |ayer 12. Alternatively, the porous S
| ayer may be selectively renmoved by polishing it, using the nonporous thin
filmlayer 13 as a polishing stopper. 15 -~ 44 -Wen a conpound

sem conductor layer is formed on the porous Si |ayer, an etching solution
that provides a high Si etching rate relative to the conpound sem conduct or
is used to chemically etch only the porous Si |ayer 12, leaving the thin
single crystal 20 conmpound sem conductor filmlayer 13 on the second
substrate 14. Alagteat casl pe ugedpasoapostherafidrst2singleccrestel il y
renmoved by polishing it, using the single crystal conpound sem conduct or

| ayer 13 as a psubsikragesRdppsr asognother seeondcsuhghgakeséfi E8Rd4R? or

article that can be produced by a nethod accordjng to_the anegtion A
| arge nonpor ous2fffeR ERPRtRANGhthe sYpfEegel §EathenghEface has tupped; 5 g

thin film13 is _evenly and.thinly forned on.the entire su t

second subst rat &MPFTM SéglyngﬁFgﬁﬁnagguSEFPaPeSWSOEéé afégg¥§ggé%c%§d

substrate 14, theg%%%g red sem conductor substrate can 5 advant ageousl y
Ing €

be used for pro T ectronic devices that are insul ated and separat ed

fromeach other. Ojgg LRppbet duBktRateus22, 98 mBg hate! rékpabeive
thicknesses that are différent from each other. The
nonporous thin films 23 on the opposite surfaces of the
first substrate may be made of respective materials and

10 have respective thicknesses that are different from
each other.

Now, the present invention will be described further
by way of examples.
(Example 1)

15 The surface layer of a first single crystal Si
substrate was subjected to anodization in an HF
solution. The anodization was conducted under the
following conditions.

current density: 7 (mA.cm™?)
20 anodization solution: HF : H,0 : C,HOH =1 : 1 : 1
duration: 11 (min.)
thickness of the porous Si layer: 12 (um)
The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,

25 the wall surfaces of the pores of the porous Si were

covered with thermally oxidized film of silicon.

Single crystal Si was made to epitaxially grow to a



crystal Si substrate 11 is renoved fromthe latter, the latter can be used
as another first single crystal Si 10 substrate 11 or as anot her second
substrate 14 after smoothing the surface if the surface has turned

| nperm ssi bly coarse and such a snoot hi ng-oggration is necessary. [ Second
Mode of Carrying out the Invention] 15 FIGS. 2A through 2C illustrate
a second node of carrying out the invention. As shown, a porous Si |ayer 22
and a nonporous thin film 23 are forned on each of the opposite surfaces of
a first single crystal Si substrate 21 and second substrates 24, 25 are
bonded 20 t o thieknesgeofi 0elBumf aoethqi paraus| fiulayesnby Heanseof
arranged between each of the second substrates and the first substrate so
that a pair of RuCVP Agbpmicplcvapes deBofibiprédterhaigudgl eThtBcess.

O herw se, the manufacturing steps of _thi nngg are | dent i cal 'éh 25

those of the ab899r6§§8PiU€g PR Pcﬁﬁﬂegnaﬁﬁe fie ?ég?ﬁhﬁ? 58?%% *S=on the
first single crystal Si_substrate glnui%rg ved fromthe latter, the -
44 - latter can beSP88§%a¥%8not her 732 ingle crystal Si substrate 21 or

as anot her csecond Eggsgﬁgherg% Qoroggylgbtgymgﬁpothing the surface if the
surface has turned |npern155|be coarse and such a snoot hing operation is 5

necessary. gas pressure: 80 Torr
temperature: 950°C
growth rate: 0.3 pm/min.

Additionally, an SiO, layer was formed to a thickness
10 of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.

The surface of the SiO, layer and the corresponding
surface of an Si substrate (second substrate) carrying
a 500nm thick Si0, layer thereon and prepared in advance

15 were brought into contact with each other and put
together to produce a multilayer structure.

After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer

20  with an output power ‘level of 500 to 1,000W. The CO,
laser was absorbed by the 500nm thick $iO, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it

25 until the two substrates were separated from each other
along the underlying porous Si layer due to the thermal

stress rapidly generated in the underlying porous Si



The support substrates 24, 25 may have respective thicknesses that are
different fromeach other. The nonporous thin filns 23 on the opposite
surfaces of the first substrate may be nade of respective materials and 10
have- respective thicknesses that are differds6t-fromeach other. Now, the
present invention will be described further by way of exanples. (Exanple 1)
15 The surface layer of a first single crystal Si substrate was

subj ected to anodi zation in an HF solution. The anodi zati on was conducted

under the follow ng conditions. current density E;EA anerrl
anodi zati on sol J@¥&F- [EPT: thFePPfEPsecﬁngPﬂ[éPVF on; the a§eHurat|on

11 t hi ck f t Th trat th
oxi i 264 at “o0feRR Beiroe,R RO PHOUR T5BE-bRbROChNE: BULAE JePBRult of |

t he oxi dati on, the wall surfaces of the pores of the porous Si were
covered with theﬁﬁﬁ |y oxidized filmof silicon. Single crystal Si was nade

to epitaxially grow@edsear 4Re rbOiGKASBRELE L8[ eheli g the porous S
| ayer by neans of a %%B Fcﬁeﬁlcaﬁ vapor §Gp§SI%I0n% t c%nlque Qﬁl
operation was clireedutlieh thNFabokboWReve?9dbtbABA: off in a

mixture solution of 49% hydrofluoric acid and 30%

aqueous hydrogen peroxide, stirring the solution

constantly. The single crystal Si was left unetched

and operated as etching stopper so that the porous Si

10 was selectively etched and removed completely.

The rate of etching nonporous single crystal Si by
means of the above cited etching solution is very low
and the selectivity ratio of the rate of etching porous
Si relative to that of etching nonporous single crystal

15 Si is as large as more than 10° so that the reduction by
etching of the height of the nonporous layer (about
tens of several angstroms) is practicaliy negligible.

Thus, a single crystal Si layer was formed to a
thickness of 0.1lpm on the silicon oxide f£ilm. The

20 thickness of the formed single crystal Si layer was
observed at 100 points spreading over the entire
surface of the substrate to find that the uniformity of
the film thickness was 10lnmi3nm.

Then, the substrate was subjected to a heat

25 treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was

observed by means of atomic force microscopy to find



source gas: SiHerr]CJ[err] / Herr] 5 gas flowrate: 0.5/180
1/mn. gas pressure: 80 Torr tenperature: 950[err]C growth rate:

0.3, pmmn. Additionally, an SiJerr] layer was forned to a thickness 10
of 100nm by thermally oxidizing the surfacea4gf -the epitaxially grown S

| ayer. The surface of the SiJerr] layer and the correspondi ng surface of
an Si substrate (second substrate) carrying a 500nmthick Sierr] |ayer

t hereon and prepared in advance 15 were brought into contact with each
ot her and put together to produce a nultilayer structure. After renoving

t he oxi de fil m &hathd&heezoodymegpe sguarkeofi the supfecgt soughaepsrr] | aser
beam was irradiated on the entire first substrate side surface of the wafer
20 with an odBEms)pwidhine@eS0pm sguare vagoeRPutTRa2em, cWhichaisr was

absorbed by the 500nmthick Si(Jerr] layer arranged qn the_interface of the
two substrates Fﬁbﬁiﬁﬂﬁlfﬁﬁgi§ELPHeLPeﬁé§r&PEF§S nAiBge PLYR 9F | ayer and
the porous Si I%%Fr t hat wgge gggghﬁd Eo%e to it 25 until the two
substrates were 8%5?5?@& r & St Rér 3F85§’the under | yi ng porous S

VT e o0 UESHTl S Ak e Skl chieyiCer V110 porous
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

10 For the purpose of comparison, a similar multilayer
structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified
results. |

Finally, the porous Si remaining on the first

15 substrate was also seleétively etched off in a mixture
solution of 49% hydfofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and operated as
etching stopper so that the porous Si was selectively

20 etched and removed completely and the first substrate
could be used for another anodization process of for
another oxide film forming process as a second
substrate.

(Example 2)

25 The surface layer of a first single crystal Si

substrate was subjected to anodization in an HF

solution. The anodization was conducted under the



beam may be a continuous | aser beamor a pulse | aser beam Thereafter, the
resi dual porous Si l|layer on the 5 second substrate was sel ectively
etched off in a m xture solution of 49% hydrofluoric acid and 30% aqueous
hydr ogen peroxide, stirring the solution coggtantly. The single crystal S
was | eft unetched and operated as etching stopper so that the porous Si 10
was sel ectively etched and renoved conpletely. The rate of etching
nonporous single crystal Si by neans of the above cited etching solution is
very low and the selectivity ratio of the rate of etching porous S
relative to thatodflowtinhi agnddbponsus single crystal 15 Si is as large
as nore than 10[err] so that the reduction bx etching of the height of the
nonporous | ayer (abygrensngdepsiseverdl (BAGSM'dns) is practically
negligible. Thus, a single crystal Si layer was forned to a {higﬁnpss of
0.1[err]mon the sPPPEdZagiPBeSPLERLONTheHB0: HoQ 1 GeHe® Bl thel forhed
single crystal Si layer was 03 erved at 100 points spreading over the
entire surface of BHEEIRTEra i fBlFrﬁd that the uniformity of the film
t hi ckness s 101ngRn hen, .t S t Dj ecte a heat 25

8erati onbatkplaone SRe HBRBLE' 81 Taxahr, oTa tphd,

treatment Operation a our |ﬁ a h F 0ogen nmbsphere. The
surface coarsenesspjas saBserued RYsMeABA B8ki8i2BHCat0466°81 E6LSEAPHOLPL i nd

in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon. P*

10 single crystal Si was made to epitaxially grow to a
thickness of 0.15pm on the porous Si layer by means of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.
B,H, was introduced as impurity gas.

15 source gas: SiH,Cl, / H,

gas flow rate: 0.5/180 l/min.

gas pressure: 80 Torr

temperature: 950°C
growth rate: 0.3 uym/min.
20 Additionally, an SiO, layer was formed to a thickness

of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.
‘The surface of the'SiO2 layer and the corresponding
surface of an Si substrate (second substrate) carrying
25 a 500nm thick SiO, layer thereon and prepared in advance'
were brought into contact with each other and put

together.



- 47 - that the root nean square of the surface roughness (Rrnms) within a
50[ err] m square was about 0.2nm which is substantially equal to the
correspondi ng val ue of comercially available Si wafers. 5 When a
cross section was observed through a transnygsiLon el ectron m croscope, it
was confirmed that no new crystal defects had been introduced in the S

| ayer and an excellent degree of crystallinity had been nmaintai ned. 10

For the purpose of conparison, a simlar multilayer structure carrying no
oxide filmon the epitaxial Si layer was prepared to obtain the above

i dentified resul t sAnFelekltyict barpentusfSaboetnli ig dQOAhwasi made 1bo
substrate was al so selectively etched off in a m xture solution of 49%
hydr of | uori ¢ acifdownondgvthyovghs thedhdgbncpncertdationi Pfisinglee sol ution
constantly. The sin%Ie crystal Si was left unetched and operated as etching
st opper so that CENE Eér§&s15Yeﬁa§fs§h@chF§FySEBStra§90hEgeahEPPEhﬁved
conpletely and the first substrate could be used for angfhe odi zati on

process or for SRBCRBLTEfigE Pf| Fhreohighgcpreerttakion e bstrate.
(Exanpl e 2). 25

substrate Wwas sﬁﬁ?@@?lggéggé%%%ﬁTégygg gﬁcgnLhé%gE%LEg%ﬁFgaﬁégghagzzation |

was conduct ed u@i%%t&&% resistance of the layer to allow the electric
current to flow therethrough). The electric current
was made to flow by removing the SiO, to expose the high
concentration P* single crystal Si layer at an end

10 surface of the wafer and pinching the wafer by means of
+ and - electrodes that touch only the end surface. As
a result, the underlying porous Si layer was abruptly
subjected to thermal stress to sever the two substrates
along the underlying porous Si layer. For the purpose

15 of the invention, the electric-current may be a
continuous current or a pulse current.

Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%

20 aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

Thus, a single crystal Si layer was formed to a

25 thickness of O.lpm on the silicon oxide film. The

thickness of the formed single crystal Si layer was

observed at 100 points spreading over the entire



- 48 - followng conditions. current density: 7 (mA.cnferr]) anodization
solution: HF : Herr]O: (err]Herr]OH=1: 1 : 1 duration: 11 (mn.) 5
t hi ckness of the porous Si layer: 12 (pn) The substrate was then oxidized
at 400[err]C for an hour in an oxygen atmespbere. As a result of the
oxidation, the wall surfaces of the pores of the porous Si were covered

W th thernally oxidized filmof silicon. P[err] 10 single crystal Si was
made to epitaxially grow to a thickness of 0.15[err]mon the porous S

| ayer by means of a CVD (chemical vapor deposition) technique. This
operation was c8HEEBERJO nHBP FHBSFﬁﬁFﬁmFﬁgfébﬁdeﬁﬁn§heBPE%??FPEFY]Oﬁas

I ntroduced as i urltx ) source SiHerr]dJerr] /
Herr] gas flowtPgt &1 mOtB}TKBeEFnWﬁS bgénBF §§ure 80 Torr tenperature:

950 C wt h d t ly,
ot G oo s thEn ing, SubSkFaRRauEs Flbasrted. Conar RARFY bxtdi 2i ng

the surface of Lhe eRLhaxhablucgra"aeSt Layee. el eaaunagg 19f gthe Sigerr]

| ayer and the correspon sur strate econa substrate) -

carrying 2§ Ay QQQBGthhEEsﬁhQLSVV]Théygﬁrkgéé988a§§QnQ§§p@£§d in advance

were brought intd contact wth each other
observed by means of atomic force microscopy to find

that the Rrms within a 50pm square was about 0.2nm,
which. is substantially equal to the corresponding value
of commercially available Si wafers.

10 When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

15 For the purpose of comparison, a similar multilayer
structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified
results.

Finally, the porous Si remaining on the first

20 substrate was also selectively etched off in a mixture
solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and operated as
etching stopper so that the porous Si was selectively

25 etched and removed completely and the first substrate
could be used for another anodization process or for

another oxide film forming process as a second



t oget her. -49 - An electric current of about 10 to 100A was made to fl ow
only through the high concentration P[err] single crystal Si |ayer of the
first substrate (the inpurity concentration of the high concentration
Plerr] single 5 crystal Si layer may he such that it can reduce the

el ectric resistance of the layer to allow the electric current to flow

t heret hrough). The electric current was nmade to fl ow by renoving the
SiJerr] to expose the high concentration Plerr] single crystal 'Si layer at
an end 10 surface of the wafer and pinching the wafer by neans of + and
- el ectrodes thatbstrabeonly the end surface. As a result, the underlying
porous Si | ayer was abruptly subjected to thernal stress to sever the two
substrat es al onfExdepl@dd) | yi ng porous Si |layer. For the purpose 15 of
the invention, the electric current may be a continuous current or a pul se
current. Thereaft efhetpurfageglayep®di’ &irehy@ingle iHeysS¥Rbif substrate
was sel ectively etched off in m xtuge squt#pn of 49% hydrofl uoric acid

and 30% 20 afUR8EEa kg d¥ageAURILTRPAO STRPFHFYEIMR ¥R i%h constant ! y.

R R e R e L C T
single crystal gh;}8%ehg"B5ndPEIEAst O 2

‘current density: 7 (mA-.-cm™?)

anodization solution: HF : HO : CGHOH = 1 : 1 : 1

duration: 11 (min.)

10 thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a reéult of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon.

15 Single crystal Si was made to epitaxially grow to a
thickness of 0.15um on the porous Si layer by means of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.

source gas: SiH,Cl, / H,

20 gas flow rate: 0.5/180 1l/min.

gas pressure: 80 Torr

temperature: 950°C

growth rate: 0.3 ym/min.

Additionally, an SiO, layer was formed to a thickness

25 of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.

The surface of the Si0, layer and the corresponding



25 t hi ckness of 0.1[err]mon the silicon oxide film The thickness of
the formed single crystal Si |ayer was observed at 100 points spreading
over the entire -50- surface of the substrate to find that the
uniformty of the filmthickness was 101naBgm ~-Then, the substrate was
subjected to a heat treatnent operation at 1,100[err]C for an hour in a 5
hydr ogen at nosphere. The surface coarseness was observed by neans of
atomc force mcroscopy to find that the Rrns within a 50[err] msquare was
about 0.2nm which is substantially equal to the correspondi ng val ue of
comercial |y aveWripre Sf aaf §ﬁ-s.su§strate (9peand substrate)i earvming
observed through a _transm ssion el ectron m croscope, it was_confirmed that
no new crystal @ePOOP® KRACKe8AC: MaxrKcdeTern RNGPYepaked id A9wBnas | ent
degree of crystallinit been mai ntai ned. 15

ha . For the purpose of
conpar i son, & sPRFPaP<RAFERI E7cPEFPAERLPLEEER T | RGORACEXFACIFPFAVEN t he
cpitantal |GG WRGBLEPRLSLebnOhaADEhAR SRRCabIEE! ETRERY! ks
SoheohunS oy SHELo Saeh 3o LSRR ML o BNANC Bhu Dok AEAC
substrates were then annealed at 400°C for 10 hours.

After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer

10 with an output power level of 500 to 1,000W. The CO,
laser was absorbed by the 500nm thick SiO, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it

15 until the two substrates were separated from each other
along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si
.layer. For the purpose of the invention,_the laser
beam may be a continuous laser beam or a pulse laser

20 beam.

Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in an
etching solution of HF/HNO,/CH,COOH type. The single
crystal Si was left unetched and operated as etdhing

25 stopper so that the porous Si was selectively etched

and removed completely.

The rate of etching nonporous single crystal Si by



The single crystal Si was |eft unetched and operated as etching stopper so
that the porous Si was selectively 25 et ched and renoved conpl etely and
the first substrate could be used for another anodization process or for
anot her oxi de filmformng process as a sead - 51 - substrate.

(Exanpl e 3) The surface layer of a first single crystal Si substrate was
subj ected to anodi zation in an HF 5 solution. The anodi zation was
conducted under the follow ng conditions. current density: 7 (mA.cnjerr])
anodi zation solution: HF : Herr]O: Cerr]Herr]OH =1 1 : 1 duration
11 (mMn.) 10 means B£ kites aldveé el ot catscling ssadutidh? ipryerfheaubstrat e
was then oxidized at 400[err]C for an hour in an oxygen atnosphere. As a
result of the camdathenredietiven by etching off tthe higighbiof Hdepor ous Si
were covered with thernally oxidized filmof silicon, 15 Single crystal
Si was nade to RPRRIRIYS | 1AYRBW S PEACH XS PFLEgHYQy r I m on the porous

Si | ayer by neans of a CVD (chem cal vapor, deposition)_technigue. This

operation was condbR¥®d RrRRRI IR TR Fohi %%tW%fo%#c_% dhs:

SiHerrJALerr] [ HeiLd 82 o0.1pm §25ud WIAS: ofial ! Mihe
thickness of the.forméd single crystal Si layer was
observed at 100 points spreading over the entire
surface of the substrate to find that the uniformity of
the film thickness was 10lnmi3nm.

10 = Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find
that the Rrms within a 50um square was about 0.2nm,

15 which is substantially equal to the corresponding value
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si

20 layer and an excellent degree of crystallinity had been
maintained.

For the purpose of comparison, a similar multilayer
structure carrying no oxide £film on the epitaxial Si
layer was prepared to obtain the above identified

25 results.

Finally, the porous Si remaining on the first

substrate was also selectively etched off in an



gas pressure: 80 Torr tenperature: 950C growm h rate: 0.3 pnmimn.
Additionally, an SiJerr] |ayer was fornmed to a thickness 25 of 100nm by
thermal |y oxidizing the surface of the epitaxially grown Si |ayer. The
surface of the Sigerr] layer and the corresgpondi ng -52- surface of an
Si substrate (second substrate) carrying a 500nmthick Si Q2 | ayer thereon
and prepared in advance were exposed to nitrogen plasma (in order to

i nprove the bonding strength) and then laid one on the other to 5 bring
theminto contact with each other. The conbi ned substrates were then
anneal ed at 400HEyHNQ,/CH,CO0Hhtype. e&Eheéngr sabuthgnt heTbei déngilém on t he
rear surface of the first substrate, a CJerr] |aser beamwas irradiated on
the entire firsergsbalraiewasdieftranetchedtapdpperated asgtehimg out put
power |evel of 500 to 1,000W The CJerr] |aser was absorped by the 500nm
thick Sigerr] $hgepesrfangbatobhenporaver$hceasisehectivelunttheds to

apL oy el ve el olRet ahuce. Ol oiry B The! ol e g he POLONe L
Fenarated brom Gagh SLICtoBlans ANEa RUELLY. ARcRRto\s: Stk RN 121N
purpose of the BQXEthQEm Eggmkﬂéeﬁrocess as a second substrate.

(Exampie 4) |

The surface layer of a first single crystal Si
substrate was subjected to anodization in an HF

10 solution. The anodization was conducted under the
following conditions.

current density: 7 (mA.cm™?)

anodization solution: HF : H,O : C;HOH =1 : 1 : 1

duration:. 11 (min.) |

15 thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon. P*

20 single crystal Si was made to epitaxially grow to a
thickness of 0.15pm on the porous Si layer by means of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.
B,H, was introduced as impurity gas.
25 source gas: SiH,Cl, / H,
gas flow rate: 0.5/180 l/min.

gas pressure: 80 Torr



beam may be a continuous | aser beamor a pul se | aser 20 beam
Thereafter, the residual porous Si |ayer on the second substrate was
selectively etched off in an etching solution of HF/HNJ err]/ CH err] COCH
typb. The single crystal Si was |eft uneLcged-and operated as etching 25
stopper so that the porous Si was selectively etched and renoved
conpletely. The rate of etching nonporous single crystal Si by -53-
means of the above cited etching solution is very |ow and the reduction by
~etching of the height of the nonporous layer is practically negligible.
Thus, a single cryseapeSathager wa85006€Cned to a 5 t hi ckness of 0.1[err]m
on the silicon oxide film The thickness of the forned single crystal Si

| ayer was observedgxewtborpsent s sPrdaumi@iBver the entire surface of the
substrate to find that the uniformty of_ the filmthickness was 101nnB8nm

10 Then, theA§GB§?—F’&Pé1Wasa§u§ Qe t Iy en WosHEATMe% fAhéh (T RS%n at
1, 100 Cf h Th f
L 100Ler 1] C or can B, b SpiesagssToniay 5LpapSheSrrRtcenst RS R

wi thin a 5Qpm square which is substantially equal to

t he correspondi 1&3?3% % §5§WEr§|gFF¥gavallable Si wafers.

The surface of the SiO, layer and the corresponding
surface of of an Si substrate (second substrate)
carrying a 500nm thick SiO, layer thereon and prepared
in advance were brought into contact with each other

10 and put together. |

An electric current of about 10 to 100A was made to
flow only through the high concentration P* single
crystal Si layer of the first substrate (the impurity
concentration of the high concentration P* single

15 crystal Si layer may be such that it can reduce the
electric resistance of thé layer to allow the electric
current to flow therethrough). The electric current
was made to flow by removing the SiO, to expose the high
concentration P* single crystal Si 1ayer-at an end

20 surface of the wafer and pinching the wafer by means of
+ and - electrodes that touch only the end surface. As
a result; the underlying porous Si layer was abruptly
subjected to therﬁal stress to sever the two substrates
along the underlying porous Si layer. For the purpose

25 of the invention, the electric current may be a
continuous current or a pulse current.

Thereafter, the residual porous Si layer on the



When a cross section was observed through a transm ssion el ectron

m croscope, it was confirnmed that no new crystal defects had been
int{oduced in the Si 20 | ayer and an excellent degree of crystallinity
had' been nuai ntai ned. For the purpose of compgrison, a simlar multilayer
structure carrying no oxide filmon the epitaxial Si layer was prepared to
obtain the above identified 25 results. Finally, the porous Si remaining
on the first substrate was al so selectively etched off in an -54-

HF/ HNO err]/CH err] COCH type etching solution. The single crystal Si was

| eft unetched asecondrsubsitzatetwas nselecpirely pohighede Bhewisilens

sel ectively etched and renoved conpletely and the first substrate could be
5 used for aﬁﬁYﬁéﬁlaﬁdeé%Il%ﬁtpM@E@%%SQ#deFdeﬁﬂﬁ?ﬁ#e%xﬁﬁee?¢¢hﬁgorn1ng
process as a second substrate. nple 4) The surface | ayer of_a first

single crystal §$°EB%§t?%IEh?BstEGbP%E?%ﬂ $b YRR IPSRF BV Y e HEShed

solution. The anqQdi zatio f ﬁ g§ted under the follow ng conditions.
current density3® fﬁ$9¥ﬁ€e??T? ShBtY zati on solution: HF : Herr]O:

Qerr]Her 5] OH = 1Tf1elré1té QHVSSiJ?th&& '(:lqé r"m):nporous single crystal
Si was véry low and tﬁe reduction by polishing of the
height of the nonporous layer (about tens of several
angstroms) is practically negligible.

Thus, a single crystal Si layer was formed to a

10 thickness of 0.lum on the silicon oxide film. The
thicknéss of the formed single crystal Si layer was
observed at 100 points spreading over the entire
surface of the substrate to find that the uniformity of
the film thickness was 10lnm+3nm. |

15 Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find
that the Rrms within a 50um square was about 0.2nm,

20 which is substantially equal to the corresponding wvalue
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si

25 lajer and an excellent degree of crystallinity had been
maintained.

For the purpose of comparison, a similar multilayer



15 t hi ckness of the porous Si layer: 12 (pm The substrate was then
oxi di zed at 400[err]C for an hour in an oxygen atnosphere. As a result of

t he oxidation, the wall surfaces of the pores of the porous Si were covered
with thermally oxidized filmof silicon. E[gprl 20 single crystal Si was
made to epitaxially grow to a thickness of 0.15[err]mon the porous S

| ayer by neans of a CVD (chem cal vapor deposition) technique. This
operation was conducted under the followi ng conditions. Blerr]H err] was

i ntroduced as inpurity gas. 25 source gas: SiHerr]d[err] /
H err] gas fl owstaueture sargyingning. ogddepfddmupn: thegepitaxial S55-
t enper at ure: 950[err]C growt h rate: 0.3 pmimn. Additionally, an

Siderr] |ayer #@¥efFoM@SdpPrerareri trnebiadn tbenabpyet Aéepiiifiedxi di zi ng
t he surface of theui epitaxially grown Si |ayer. The surface of the
Sigerr] layer &&f§ W@‘corresponding surface of of an Si substrate (second

2dvance ver o br QugRETRITY - C SHEaBP=AREh Shat AL RPI1En ChandiRRE {oget her . -
on electrl & curoisobaaboul 1050 sh90801081 0181 42nkho 20! Vbl oloh the
gh concentration err] srngre
single crystal Si was left unpolished and operated as
etching stopper so that the porous Si was selectively
polished and removed completely and the first substrate
could be used for another anodization process or for
10 another oxide film forming process as a second
substrate.
(Example 5)

The surface layer of a first single crystal Si

substrate was subjected to anodization in an HF
15 solution. The anodization was conducted under the
following conditions.

current density: 7 (mA.-cm™?)

anodization solution: 'HF t HO : CGHOH =1 : 1 : 1~

duration: 11 (min.)

20 thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were |
covered with thermally oxidized £film of silicon. P*

25 single crystal Si was made to epitaxially grow to a

thickness of 0.15pum on the porous Si layer by means of

a CVD (chemical vapor deposition) technique. This



crystal Si layer of the first substrate (the inpurity concentration of the
hi gh concentration P[err] single 15 crystal Si layer may be such that it
can reduce the electric resistance of the layer to allow the electric
current to flow therethrough). The el ectricsgucrrent was nade to flow by
renoving the SiJerr] to expose the high concentration P[err] single
crystal Si layer at an end 20 surface of the wafer and pinching the

waf er by nmeans of + and - el ectrodes that touch only the end surface. As a
result, the underlying porous Si |ayer was abruptly subjected to therma
stress to severopavationsudst canduchedngnieér theeféllogingreerdsrionger .

For the purpose 25 of the invention, the electric current nay be a
conti nuous currBefls ¥RSaipkreducgfs aft 1mpHELEHf 98F: the residual porous S
| ayer on the -56- second substrate was selectively polished. The single

crystal Si was | ef BOUREBI 98fed andSdfriat édHas et ching stopper so that the
porous Si was sel ectiv pol i shed_a ed conpletely. 5 The rate
of polishing the n8ﬁ§ofgé§ E?hﬁre Brgg%éﬁngymhﬁs very low and the reduction
by polishigg of th ageigggSQL t{ he egnggﬁgus | ayer (about tens of several

angstrons) i s pracftica neg?igib us, a single crystal Si |ayer was
formed to a 10 tBhpkpgsargt 0. 1ggpegmon the silicon oxide film The

growth rate: 0.3 pm/min.

Additionally, an SiO, layer was formed to a thickness
of 100nm by thermally oxidizing the surface of the

10 epitaxially grown Si layer.

The surface of the SiO, layer and the corresponding
surface of a quartz substrate (second substrate)
prepared in advance were exposed to nitrogen plasma and
then put together to bring them into contact with each

15 other. The combined substrates were then annealed at
200°C for 10 hours.

An electric éurrent of about 10 to 100A was made to
flow only through the high concentration P* single
crystal Si layer of the first substrate (the impurity

20 concentration of the high concentration P' single
crystal Si layer may be such that it can reduce the
electric resistance of the layer to allow the electric
current to flow therethrough). The electric current
was made to flow by removing the SiO, to expose the high

25 concentration P* single crystal Si layer at an end
surface of the wafer and pinching the wafer by means of

+ and -~ electrodes that touch only the end surface. As



t hi ckness of the fornmed single crystal Si |ayer was observed at 100 points
spreadi ng over the entire surface of the substrate to find that the
unirornity of the filmthickness was 101nnmBnm 15 Then, the substrate
was'.subj ected to a heat treatnent operationsat-1,100C for an hour in a

hydr ogen at nosphere. The surface coarseness was observed by neans of atomc
force mcroscopy to find that the Rrns within a 50[ err] m square was about
0.2nm 20 which is substantially equal to the correspondi ng val ue of
commercially available Si wafers. Wien a cross section was observed through
a transm ssion el yesndm, ntbeosodpEIYingmBQr@bﬁf$intdyehawaﬁoaheuptlystaI
defects had been introduced in the Si | ayer and an excel | ent degree
of crystalI|n|t?uﬁaﬁcﬁééntﬁathﬁﬁmﬁédStFﬁﬁstﬁ@ ﬁﬁV%ﬁsEh%ftV%n§%P$§5ﬂte%
simlar multilayer 57 - structure carrying. no oxide fllﬂéon th

epi taxial Si Ia?&Pnﬁa§hﬁrBBQFE&Y%BQOB?E?HStﬁé %BS%E i dBRTi F dPVEE%??s

Finally, the por r emai ni ng bstra%e was al so

sel ectively pol P h%&eoFPVQn$ﬁ8n3|ﬁBFeeg?ﬁtfé? %frﬁﬁg | B#Y BHpdlished and -
oper at ed a§ etcg leﬁhgggeayﬁgehg Bftge H?éQ“EuE&eﬂ@s sel ectively polished
€ 1irst subs

and renove conp Pete and rate
Thereafter, the residual porous Si layer on the

second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%
aqueous hydrogen peroxide, stirring the solution
10 constantly. The single crystal Si was left unetched
and operated as etching stqpper so that the porous Si
was selectively etched and removed completely.
Thus, a single crystal Si layer was formed to a
thickness of O.luym on the silicon oxide film. The
15 thickness of the formed single crystal Si layer was
observed at 100 points spreading over the entire
surface of the substrate to fiﬁd that the uniformity of
the film thickness was 101lnmi3nm.
Then, the substrate was subjected to a heat
20 treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find
that the Rrms within a 50pm square was about_0.2nm,
which is substantially equal to the corresponding value
25 of commercially available Si wafers.
When a cross section was observed through a

transmission electron microscope, it was confirmed that



coul d be used for another anodi zation process or for 10 anot her oxi de
filmformng process as a second substrate. (Exanple 5) The surface | ayer
of a first single crystal Si substrate was subjected to anodization in an

HF 15 solution. The anodi zati on was cendgcted under the foll ow ng
conditions. current density: 7 (mA.cnferr]) anodization solution: HF :
"Herr]O: Jerr]Herr]OH=1: 1 : 1 duration: 11 (mn.) 20 t hi ckness

of -the porous Si layer: 12 (pm) The substrate was then oxidized at 400C
for an hour in an oxygen atnosphere. As a result of the oxidation, the wall
surfaces of thePBoReY §FY§ﬁé1p6¢§9§tS|hﬁérbeéavéBEHOGF?ﬁdtﬁ%rﬁbﬁl§lOX|dlzed

filmof silicon, P[err] ngle crystal Sii was made to epitaxially
grow to a thi ckhB¥eTopng. ?B[@FF?ﬁgﬁﬁttﬂﬁgﬁﬁ?oﬂg eryphgitinityehad been cvp
(chem cal vapor de883|t|8n) techni que. This - 58 - operation was
conduct ed under "BHERIPPBW ng conditions B2H6 was introduced as inpurity

Pmine s 0 9% gasTRFobhbr BLDORE' b8, pobbibieaflire: STHLEEh Pay fioadel
5 structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified
results.

Finally, the porous Si remaining on the first

substrate was also selectively etched off in a mixture
10 solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and operated as
etching stopper so that the porous Si was selectively
etched and removed completely aﬂd the first substrate
15 could be used for another anodization process.
(Example 6)

The surface layer of a first single crystal Si
éubstrate was subjected to anodization in an HF
solution. The anodization was conducted under the

20 following conditions.

current density: 7 (mA.-cm™?)

anodization solution: HF : HO : CCHOH = 1 : 1 : 1

duration: 11 (min.)

thickness of the porous Si layer: 12 (um)

25 The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,

the wall surfaces of the pores of the porous Si were



growth rate: 0.3 pnmimn. Additionally, an SiJerr] layer was forned to a
t hi ckness of 100nm by thernmally oxidizing the surface of the 10

epi%axially grown Si layer. The surface of the Si(Jerr] layer and the
correspondi ng surface of a quartz substrates]second substrate) prepared in
advance were exposed to nitrogen plasma and then put together to bring them
Into contact with each 15 other. The conbined substrates were then
anneal ed at 200[err]C for 10 hours. An electric current of about 10 to 100A
was made to flow only through the high concentration P[err] single crystal
Si layer of theC©V¢§Gdsub§hrthervﬂhbylﬁﬁﬁ@i%?dzﬁilm eHnetht®@®t on of the
hi gh concentration P[err] single crystal Si |ayer may be such that it can
reduce the eIec?%P@l?egFgFEﬁEeGBFStH@SI%?@? 9 %P+B§F%ﬂ%l%l%E?VlE°c%rrent

to flom1therethrou é The el ectric, current e to flowb an ng
the Siqerr] to Ekg% esenefhiyh 98 thecBﬂE%H?r%fngﬂY?f ¥ 1S I c?ystal
Si | t f f_th f d b f
2 and < efectrofilh [HAPRLGRER"BRYS CRECERA-eR! fEReIGUE. "fle IV TOETE O
the underlylng BRLAUS:Sh LBYCEoHRTCROE BhuLr8HDI P61 POyl fg! BEAGRLIGAE £SS O

sever the fwo su tes afong yi'ng porous ayer. For the
purpose of the |nvgghfgg,gggg el ecilzC/CHERENM HIBY be a

gas pressure: 80 Torr
température: 700°C
The surface of the GaAs layer and the corresponding
10 surface of an Si substrate (second substrate) prepared
in advance were brought into contact with each other
and put together.
After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on
15 the entire first substrate side surface of the wafer
with an output power level of 500 to 1,000W. The CO,
laser was absorbed by the GaAs layer to rapidly raise
the temperature of the nearby porous Si layer until the
two substrate were separated from each other along the
20 underlying porous Si layer due to the thermal stress
rapidly generated in the underlying porous Si layer.
For the purpose of the invention, the laser beam may be
a continuous laser or a pulse laser beam.
Thereafter, the residual porous Si layer on the
25 second substrate was etched off by means of:
ethylenediamine + pyrocatechol + water (at a ratio

of 17m1 : 3g : 8ml) at 110°C.



5 continuous current or a pulse current. Thereafter, the residual porous
Si layer on the second substrate was selectively etched off in a mxture
sol ytion of 49% hydrofluoric acid and 30% aqueous hydrogen peroxi de,
stirring the solution 10 constantly. Jh&2s+ngle crystal Si was |eft
unet ched and operated as etching stopper so that the porous Si was

sel ectively etched and renoved conpletely. Thus, a single crystal Si |ayer
was formed to a thickness of O.1[err]mon the silicon oxide film The 15

t hi ckness of the fornmed single crxstal Si | ayer was observed at 100 points
spreadi ng over theTBftFirglarPEretal ¢adssyastlaft yeetehedtand the
uniformty of the filmthickness was 101lnnBnm _ Then, the substrate was

subjected to a RBEFa5Bd as;eEGhing SERRPEY TR Hrek, YoRRPTIEE 1RF 3R hour in
a hydrogen at nogphere. . The_surface goarsenes s _observed by ans of
atoﬁic ?orce ni%58586ﬁ91%8dfPﬂﬁ°?ﬁa§lt%%?Ff%ieﬁf%%?ﬁYa?E§ﬁ%§2? square was
about 0.2nm mhgggobédngﬁégg£é |y equal to the correspondi ng val ue 25

of commercially avallabl'e S wal&fs. Wien a cross section was observed

through a &ransni sgh@nrgk&ChEO8tEhERSEORSorbls V‘@ﬁrgﬁ?@féfﬁéai hgdas by 60 -
no new crystal defects had been introduced in the S |ayer and an excell ent
degree of crystpaehh8i b¥ 6RE 8B6Ve cited etching solution is very low
and the reduction by etching of the height of the
nonporous layer (about tens of several angstroms) is
practically negligible.
10 Thus, a single crystal GaAs layer was formed to a
_thickness of lum on silicon. The thickness of the
formed single crystal GaAs layer was observed at 100
points spreading over the entire surface of the
subétraté to find that the degree of uniformity of the
15 film thickness was 1lum+29.8nm.

When a cross section was observed through a
transmission. .electron microscope, it was confirmed that
no new crystal defects had been introduced in the GaAs
layer and an excellent degree of crystallinity had been

20 maintained.

For the purpose of comparison, a GaAs layer was
formed on an insulation film by using an Si substrate
carrying thereon én oxide film as support substrate to
obtain the above identified results.

25 Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture

solution of 49% hydrofluoric acid and 30% aquedus



mai nt ai ned. For the purpose of conparison, a simlar nmultilayer 5
structure carrying no oxide filmon the epitaxial Si |ayer was prepared to
obtaln the above identified results. Finally, the porous Si remaining on
the' first substrate was al so sel ectively etghed off in a mxture 10
solution of 49% hydrofluoric acid and 30% aqueous hydrogen peroxi de,
stirring the solution constantly. The .single crystal Si was |eft unetched
and operated as etching stopper so that the porous Si was selectively
etched and renoved conpletely and the first substrate 15 coul d be used
for another anobyduogen pevozide, (Skinpirgcfhaheoburiomecdngeantiva first
single crystal Si substrate was subjected to anodization in an HF sol ution.
The anodi zat i onTh@sstnglaceeustalieplt Was2beft ?@ﬁ?@h@@gﬁ%ﬁw@@%?%ﬁ@ﬂ 2%r r ent
density: 7 (mA.cnferr]) anodi zation sol ution: - Herr] : errJlH[err]O—I
=1: 1: 1 dur&tFBing 1§t?HPﬁr)S‘PhF’éﬁHeE’%eoPOF%‘ésp%’r ‘ﬂ%s s*?e egtively (pn’)

25 gon at o BEShEN MR cbo e LB Ly (B0 A LB PRt T
pores of tge po&8Hde£em§égd for %nother anodization process or for
another.bonding process as a second substrate.
(Example 7).

The surface layer of a first single crystal Si

substrate was subjected to anodization in an HF
10 solution. The anodization was conduéted under the
following conditions.

current density: 7 (mA.cm™?)

anodization solution: HF : HO : C;HOH = 1 : 1 : 1

duration: 11 (min.)

15 thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for én hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with therma;ly oxidized film. Single crystal

20 InP was made to epitaxially grow to a thickness of lum
on the porous Si layer by means of a MOCVD (metal
organic chemical vapor deposition) technique.

The surface of the InP layer and that of a quartz
substrate (second substrate) prepared in advance were

25 brought into contact with each other and put together.
The combined substrates were annealed at 200°C for 10

hours.



covered with thermally oxidized filmof silicon. Single crystal GaAs was
made to epitaxially grow to a thickness of 1[err]Jmon the porous Si |ayer
by neans of a CVD (chem cal vapor deposition) technique. This 5

operation was conducted underthe follow ng gpnditions. source gas: T™MG
[ AsH3 / H2 gas pressure: 80 Torr tenperature: 700[ err] C The surface
of the GaAs | ayer and the correspondi ng 10 surface of an Si substrate

(second substrate) prepared in advance were brought into contact with each
ot her and put together. After renoving the oxide filmon the rear surface
of the first substifter xeniiying|thesexideafdlmson rrhelizead surfide of he
entire first substrate side surface of the wafer with an output power | evel
of 500 to 1, 000Vke Thirs)substrater adOaloserchepn was dxmadiayed oo
rapidly raise the tenperature of the nearby porous Si |ayer until the two
substrate were ERpBREEEL LT e RBIPTEFRYC F fyRfsee of R M3%4%% porous

gi)r Lﬁge'rSi dngéswlggrégﬁé%?géig%{;rf‘%é& X‘?/%n%ci)ﬁ%gﬁfgdbd&g:r q%geg:é%ia;gbe a
i T y i L3 S.
Caver on the 26-28%% Jufi e 3ed o7 dhe S SR 43 L de O S

et Iyl encd am neie PYAREELEEHPL Oz "BRETndaivR BoEo% % Waler diti1 Hd o

two substrates were separated from each other along the
underlying porous Si layer due to the thermal stress
rapidly generated in the underlying porous Si layer.

10 For the purpose of the invention, the laser beam may be
a continuous laser beam or a pulse laser beam.

Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%

15 aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal InP was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

Thus, a single crystal InP layer was formed to a

20 thickness of lum on the quartz substrate. The
thickness of the formed single crystal InP layer was
observed at 100 points spreading over the entire
surface of the substrate to find that the degree of
uniformity of the film thickness was 1lum+29.0nm.

25 When a cross section was observed through a
transmission electron microscope, it was confirmed that

no new crystal defects had been introduced in the InP



-62- The single crystal GaAs was | eft unetched and operated as etching
stopper so that the porous Si and the oxidized porous Si was selectively
etcped and renoved conpletely. 5 The rate of etching nonporous single
crystal GaAs by neans of the above cited gtghging solution is very |ow and
the reduction by etching of the height of the nonporous |ayer (about tens
of several angstrons) is practically negligible. 10 Thus, a single
crystal GaAs |layer was formed to a thickness of 1[err]mon silicon. The

t hi ckness of the fornmed single crystal GaAs | ayer was observed at 100

poi nts spreadi ndayesr anfleabnekcelientadegoéet b€ supstabl tnitvyfhad béen t he
degree of uniformty of the 15 filmthickness was 1[err] n29. 8nm Wen a
cross section weaipkaéredd t hrough a transni ssion el ectron mcroscope, it
was confirmed that _no new crystal defects had been introduced in the GaAs

| ayer and an excelFéﬁ?laXQrEéeoPoEPy§t§FlFﬁW?%nhB@ fRehheofirsHyj nt ai ned.
For the purpose o

e e i SRR TN A T
SUbSLTALE 50 SORAARLHE, AEOUSy HSRLESEFIECHELT, B8 apt omRbL Lt
Ina mxture sohyhi-8heA pd23%Pudr OLkYRLE figathd 308,03k 308G Snt1y.

The single crystal Si was left unetched and operated as

etching stopper so that the porous Si was selectively

etched and removed completely and the first substrate

10 could be used for another anodization process.

(Example 8)

The surface of a first single crystal Si substrate
was subjected to anodization in an HF solution on the
two opposite sides thereof. The anodization was

15 conducted under the following conditions for 11 minutes
for each side.

current density: 7 (mA.cm3)

anodization solution: HF : HO : CHOH =1 : 1 : 1

duration: 11 x 2 (min.) .

20 thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicoﬁ.

25 Single crystal Si was made to epitaxially grow to a
thickness of 0.15pm on each of the oppositely disposed

porous Si layers by means of a CVD (chemical wvapor



-63- hydrogen peroxide, stirring the solution constantly. The single
crystal Si was left unetched and operated as etching stopper so that the
porous Si was selectively etched and renoved conpletely and the first
substrate 5 coul d be used for another an®glizati on process or for another
bondi ng process as a second substrate. (Exanple 7) The surface |layer of a
first single crystal Si substrate was subjected to anodization in an HF 10
solution. The anodi zati on was conducted under the follow ng conditions.
current density:. 7 (mA.cnferr]) anodization solution: HF : Herr]O:

Clerr]H err] OH deposition) teebpigwe. 11This ropenation wag eepdeatedf the
porous Si | ayer: The substrate was then oxidized at 400[err]C for

12 m | , W&
an hour in an o%99%h gﬁﬁn@%%%?%%“ﬁsc%p?bgﬁ?TSof t he oxidation, the wall

surfaces of the pores_of the_porougﬁg%:mere covered with thermally oxidized
film Single cryst3P"29® 92FhP was 426 Bpitaxially grow to a thickness

of 1[err]mon the §Q§o¥%ﬁ§i¥%g%g{qﬁgsyﬁﬁgs%ﬁ$%§bNCCVD (nmetal organic

chem cal vapor deposit e of the InP layer and that

of a quartg substr@ég §§ﬁ§QGP subsgpabgr-Prepared in advance were 25
brought into contaCt with each other and put together.

temperature: 950°C

growth rate: 0.3 pm/min.

Additionally, an SiO, layer was formed to a thickness
of 100nm by thermally oxidizing the surface of each of

10 the epitaxially grown Si layer.

The oppositely disposed surfaces of the SiO, layer
and the corresponding surfaces of a pair of Si
substrates (second substrates), each carrying a 500nm
thick SiO, layer thereon and prepared in advance, were

15 - brought into contact with each other and put together.

After removihg the oxide film on the rear surface of
each of the second substrates, a CO, laser beam was
irradiated on the entire surface of each of the second
substrates of the wafer with an output power level of

20 500 to 1,000W. The CO, laser was absorbed by the 500nm
thick Si0O, layer arranged on the interface of the
substrates on each side of the wafer to rapidly raise
the temperature of the epitaxial layer and the porous
Si layer that were located close to it until the

25 substrates were separated from each other along the
underlying porous Si layer due fo the thermal stress

rapidly generated in the underlying porous Si layer.



The conbi ned substrates were anneal ed at 200[err]C for 10 hours. - 64 -
After renoving the oxide filmon the rear surface of the first substrate, a
CJerr] laser beamwas irradiated on the entire first substrate side
surface of the wafer with an output power_l gyel of 500 to 1,000W The
CJerr] 5 | aser was absorbed by the InP layer to rapidly raise the
tenperature of the nearby porous Si layer until the two substrates were
separated from each other along the underlying porous Si |ayer due to the
thermal stress rapidly generated in the underlying porous Si |ayer. 10

For the purposeFor the pnvpeseonf the linventhenm the basercbeamnmawsbeaser
beam or a pul se | aser beam Thereafter, the residual porous Si |ayer on the
second substrat @ #@ptiBueusi kapgrebepadosf ¢ pPulaentreareb8dmut i on of 49%
hydrof l uoric acid and 30% 15 aqueouys hydrogen peroxide, stirring the

sol ution constantl?he?ﬁ§f§ﬁﬁglEhErygﬁéﬂuPXPpﬂéguﬁeFF LABEENER 8AENOBE! at ed

t chi t t hat t Si l, ' h d d
Gonpl otel y. - ThuShe,S8PRBAc UL PSP BaF A Bt P B PE 050 th @ T
gPth”ess 8f 1[ﬁ&gkﬂk8”skﬂﬁt98§r8% 25E3§§§%§f1u39 ctthhngﬁa 8hst he formed

gle cryStal I'n ayer was observed a pornt's spreadi ng over the

entire surface ghutREsSHYaLEELR barbkide! NatitRengedhgesBlution

constantly.. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

10 Thus, a pair of single crystal Si layers were formed
to a thickness of O0.lpm on the respective silicon oxide
films. The_thickness of each of the formed single
crystal Si layers was observed at 100 points spreading
over the entire. surface of the substrate to find that

15 the uniformity of the film thickness was 10lnm+3nm.

Then, the wafer was subjected to a heat treatment
operation at 1,100°C for an hour in a hydrogen
atmosphere. The surface coarseness was observed by
means of atomic force microscopy to find that the Rrms

20 within a 50pm square was about 0.2nm, which is
substantially equal to the corresponding value of
commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that

25 no new crystal defects had been introduced in the Si
layers and an excellent degree of crystallinity had

been maintained.



uniformty of the filmthickness was 1pn29. Ohnm 25 When a cross
section was observed through a transm ssion el ectron mcroscope, it was
confirned that no new crystal defects had been introduced in the InP

-65- layer and an excel |l ent degree of crystgd |4 nity had been maintai ned.
Finally, the porous Si remaining on the first substrate was al so
selectively etched off in a mxture 5 sol ution of 49% hydrofluoric acid
and 30% aqueous hydrogen peroxide, stirring the solution constantly. The
single crystal Si was |eft unetched and operated as etching stopper so that
the porous Si was Berethe¢ \puypesehefl conparismved & @ificiay Yyl kayer | r st

substrate 10 could be used for another anodization process. (Exanple 8)
‘The surface of ﬁtFPQE‘Er%l‘F@?%Y%:‘PS's‘?%ImS}d%U%‘S]E“F e&‘b &g §

anodi zation in an HF solution on_the two O si des. t hereof, The

anodi zati on Wasfl g¥er W%%n%%?%’ﬁe%nﬁ%rd?w ethcb et Hed or 11

m nut es for each Slf current density: 7 (nA cn[err]) anodi zati on
sol ution: : f C[err]H[err]CH 1: 1 duration: 11 x 2 (mn.)

20 t gl ckness,(_ﬁc;{]er r uémst'ﬁué agfrremalﬁiﬂéer(;rl Ynd NEj Sdbstrat e was

t hen oxidi zed at
substrate was also selectively etched off in a mixture

solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and operated as

10 etching stopper so that the porous Si was selectively
etched and removed completely and the first substrate
could be used fof another anodization process or for
another oxide film forming process as a second
substrate.

15 (Example 9)

An SiO, layer was formed on the surface of a first
single crystal Si substrate to a thickness of 100nm by
thermal oxidation. Hydrogen ions were implanted into
the principal surface of the substrate to a

20 concentration of 1x10'7/cm?® with an acceleration voltage
of 25keV. As a result, a porous structure due to
hydrogen bubbles was formed within the substrate and
centered at a depth of 0.3um from the surface.

The surface of the SiO, layer of the first Si

25 substrate and the corresponding surface of another Si
substrate (second substrate) carrying a 500nm thick SiOé

layer thereon and prepared in advance were brought into



I n an oxygen atnosphere. As a result of the oxidation, the wall surfaces of
the pores of the porous Si were covered with thermally oxidized film of

silicon. 25 Single crystal Si was nade to epitaxially growto a

t hi tkness of 0.15[err]mon each of the opposdtely di sposed porous Si |ayers
by nmeans of a CVD (chem cal vapor - 66 - deposition) technique. This
operation was conducted under the follow ng conditions. source gas:
SiHerr]CJ[err] / Herr] gas flowrate: 0.5/180 1/mn. 5 gas
pressure: 80 Torr tenperature: 950C grow h rate: 0.3 [err]mmn.

Addi tional |y, amostapt|with eachiothew ard PuhitrIRERe®Hf 100nm by thermally
oxi di zing the surface of each of 10 the epitaxially growm Si_layer, The
opposi tel y di sposedfterfEeBavingt Hee xide (fiimyen the yerr c%ﬁfe%ﬁ%rﬁﬁ ng
surfaces of a pair of Si substrates %s ond substrates), .each.carrying a
500nm t hi ck Si OFB®r f1ralePubREFRES: 4 agé? diﬁet‘?ma FEraRgFects o

oxide Ti1m on ¢ RBSr BBFLEQ FRERtoruBaEhe b Thit SREREEe 8 e (BB O, T

oxide filmon ti : ( e second substrates, a CJerr]
a5 e AR S dBaEP 5at 1k 5 oo ofsboi. (hengessy
laser was absorbed by the 500nm thick Si0O, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it
10 until the two substrates were separated from each other
along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si
layer. For the purpose of the invention, the laser
beam may be a continuous laser beam or a pulse laser
15 beam.
Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%
aqueous hydrogen peroxide, stirring the solution
20 constantly. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.
Thus, a single crystal Si layer was formed to a
thickness of O.lum on the silicon oxide film. The
25 thickness of the formed single crystal Si layer was
observed at 100 points spreading over the entire

surface of the substrate to find that the uniformity of



20 500 to 1,000W The CJerr] laser was absorbed by the 500nmt hi ck
SiJerr] layer arranged on the interface of the substrates on each side of
the wafer to rapidly raise the tenperature of the epitaxial |ayer and the
porous Si |l ayer that were located close to ¢ until the 25 substrates
were separated from each other along the underlying porous Si |ayer due to
the thernmal stress rapidly generated in the underlying porous Si | ayer.

- 67 - For the purpose of the invention, the | aser beam nay be a conti nuous
| aser beam or a pul se | aser beam Thereafter, the residual porous Si |ayer
on each of the theofiilmybhickress wasstPbemidRiy etched off in a 5

m xture solution of 49% hydrof |l uoric acid and 30% aqueous hydr ogen

peroxi de, stirringTh@R: s %t?BHSEB§§?aH?$y$ubJﬂ%t§¢nﬁ?eac??%YaI Si was |eft
unet ched and operated as etching sto pgr 88°%hgt t he porous Si was

sel ectively et cHE@2ERENT ePRSEATERRpREL £t U019 Tor an{hodr In 3 of single
crystal Si layers.were forned to a thickness.of O e spective
silicon oxide fﬁYﬂE?g?ﬂeaﬁﬂ?%%%%Eg‘of&ﬁﬁcﬁuﬁfa?%ec+%$%%ﬁe%$Hﬁ%% crystal Si-
| ayers wasgobse 1 L NLS~8P i g | r of the
substrate ?o fiéﬁggﬁg%dlgg HQ%ﬂ% %gi§§§ﬂ$?yf§¥8%héb§f€%%?%?c ﬁeégﬁgas

101nnBnm  Then, thhe wRECRH8SySURIACACH0LA qhieRe FE824BBEEL OPBAALION at
1, 100C for an hour in a hydrogen

which is substantially equal to the corresponding wvalue
of commercially available Si wafers.
When a cross section was observed through a
10 transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.
For the purpose of comparison, a similar multilayer
15 structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified
results.
Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture
20 solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and qperated as
etching stopper so that the porous Si was selectively
etched and removed completely and the first substrate
25 could be used for another anodization process or for
another oxide film forming process as a second

substrate.



at nosphere. The surface coarseness was observed by nmeans of atom c force

m croscopy to find that the Rrns 20 within a 50[err] msquare was about
0.2nm which is substantially equal to the correspondi ng val ue of
conrercially available Si wafers. Wen a crpss-secti on was observed through

a transm ssion electron mcroscope, it was confirned that 25 no new
crystal defects had been introduced in the Si |ayers and an excel |l ent
degree of crystallinity had been maintained. -68- For the purpose of

conparison, a simlar nmultilayer structure carrying no oxide filmon the
epitaxial Si |afBxamptept@pared to obtain the above identified results. 5
Finally, the porous Si remmining on the first substrate was al so

sel ectively etchedTd®fsprface; kevies 6| at firsbrsimgd e eFvFtabr$t acid and

30% aqueous hydrogen peroxide, stirring, the solutjon constantly. The single
crygtal Si was ?%g?tﬁgﬁ?cﬂﬁﬂ §H§3335?§t58 auo bzaéf%?cﬁ?nﬁngé pper so that

the porous Si wgs,selgetivaly ghobied. 80d.r SRV, SQUPLE! Ghaepphihe first:

substrate coul d”be"u fanot her  ano on process or r “anot her

oxi de fiInbforn%gglgagﬁ§s§oﬁ§i@igﬁggnd substrate. 15 (Exanpl e 9)
current density: 7 (mA-cm™?)
anodization solution: HF : H, : C,HOH = 1 : 1 : 1
duration: 11 (min.)
thickness of the porous Si layer: 12 (um)
10 The substrate was then oxidized at 400°C for an hour
| in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon.
Single crystal Si was made to epitaxially grow to a
15 thickness of 0.15um on the porous Si layer by ﬁeans of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.
source gas: SiH,Cl, / H,

gas flow rate: 0.5/180 1/min.

20 gas pressure: 80 Torr
temperature: 950°C
-growth rate: 0.3 pm/min.

Additionally, an SiO, layer was formed to a thickness
of 100nm by thermally oxidizing the surface of the
25 epitaxially grown Si layer.
Hydrogen ions were implanted into the principal

surface of the substrate to a concentration of



An SiJerr] layer was formed on the surface of a first single crystal Si
substrate to a thickness of 100nm by thermal oxidation. Hydrogen ions were
inp!anted into the principal surface of the substrate to a 20
concentration of 1x10l/cnferr] with an accélzr-ation voltage of 25keV. As a
result, a porous structure due to hydrogen bubbles was fornmed within the
substrate and centered at a depth of 0.3pmfromthe surface. The surface of
the SiJerr] layer of the first Si 25 substrate and the correspondi ng
surface of another Si substrate (second substrate) carrying a 500nmthick
Siderr] layer PR bam% e gy @ﬁhﬁ@&eimré’d‘}mcé'%ageb%& keNto - 69 -
contact with each other and put _ taqgether. After renmpving the oxige filmon
the rear surface ofneHEFiace f dis 3. éa@‘,@"ePPﬁ itgf?egoﬁﬁﬁﬁ?’% ing

irradiated on the entire_fir trate side face .of .t fer. 5
:Ni th :am out put %‘Eﬁ\g?c‘;" e%lé‘b?é’sg%ﬂf%tT%a{ﬁec% ?‘,&Sei%eltﬁmgsc\g%r%;l? g
absorbed by the m t hi LA ernr ayer._arra d [ f th
two subst rét es ??&Qﬂd&f%%@% I;Il'g]yfa%n%glreg Sgleg% P%%ptg%lg?aglhgﬁalegggrg ande

the poroussSi | GYer LhALGHET el OBLA L A3E Cddn Wther WHd lpdihe { o

substrates were separate er along the underlying porous Si

| ayer due to thgoéé@ﬁggl stress rapidly generated in the underlyi.ng porous
Si layer. For the purpose of the invention, the |aser

After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer

10 with an output power level of 500 to 1,000Ww. The CO,
laser was absorbed by the 500nm thick SiO, layer
. arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it
15 until the two substrates were separated from.each other
along the underlyihg porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si
layer. For the purpose of the invention, the laser
beam may be a continuous laser beam or a pulse laser
20. beam. The site of separation could be substantially
rigorously controlled due to the ion implantation and
the substrates were separated along a depth of about
1.5um of the pofous Si layer from the bonded surface of
the Si0,.
25 Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a

mixture solution of 49% hydrofluoric acid and 30%



beam may be a continuous | aser beamor a pul se | aser 15 beam

Thereafter, the residual porous Si |ayer on the second substrate was
selectively etched off in a mxture solution of 49% hydrofluoric acid and
30% aqueous hydrogen peroxide, stirring theysal ution 20 constantly. The
single crystal Si was |left unetched and operated as etching stopper so that
the porous Si was selectively etched and renoved conpletely. Thus, a single
crystal Si layer was fornmed to a thickness of 0.1[err]mon the silicon

oxide film The 25 t hi ckness of the fornmed single crystal Si |ayer was
observed at 100aqueons hydwoghmpenaxidde stinring bfeacploftidre substrate
to find that the uniformty of - 70 - the filmthickness was 101nnB8nm

Then, the substeeRtaRElBubjthe alngle Featal &t af I ameachad
1,100[err]C for an hour in_a hydrogen atnosphere. The suyrface coarseness

was 5 obser VRRA RPERAIRA AS RHING FIPRAT SR IRF 19°S iIBRFUYRSE he Rnms
it hi 50 bout. 0,2 whi ch i tantiall |t
the. cor r espondi HEF VAT (RS BV Shhmer 1 |9/ Artatd S RETE S Whon & or oss -
. b " 0 i s : i
section wag obser V‘ﬁ%é r&uﬂhﬁ%%lc%?égﬁgssﬁa%sy&n vfésecég%éendigﬁ;qascope it

was confirned that no hew Cr ec béen 1Tntro n the Si
thickness of 0.lpm on the silicon oxide film. The

thickness of the formed single crystal Si layer was

observed at 100 points spreading over the entire

surface of the substrate to find that the uniformity of
10  the film thickness was 10lnm:3nm.

Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find

15 that the ers.within a 50pm square was about 0.2nm,
which is substantially equal to the corresponding wvalue
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that

- 20 no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

For the purpose of comparison, a similar multilayer
structure carrying no oxide film on the epitaxial Si

25 layer was prepared to obtain the above identified
results.

Finally, the porous Si remaining on the first



| ayer and an excellent degree of crystallinity had been maintained. For the
pur pose of conparison, a simlar multilayer 15 structure carrying no
oxide filmon the epitaxial Si |ayer was prepared to obtain the above
identified results. Finally, the porous Si ggemaining on the first substrate
was al so selectively etched off in a mxture 20 solution of 49%
hydr of | uori c acid and 30% aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal Si was |eft unetched and operated as etching
stopper so that the porous Si was selectively etched and renoved conpl etely
and the first ssiisstrate 2gas albsalsklactierily @tched ff daod midturer ocess
or for another oxide filmform ng process as a second substrate. -71-
(Exanpl e 10) Theokwkicr of 4% hydroflyerigiagid and Q¥ agueQktirate was
subj ected to anodi zation in an_HF solutjion. The anodj zation was conducted
under the 5  BYAFeEem P de orstigting fthegeirtytion Longtankly« )

aqod 22t o SOlMA pofE st ettlod e dH S hea e ojedadl A4 07
5 etching stopper so that the porous Si was selectively
etched and removed completely and the first substrate
could be used for another anodization process or for
"another oxide film forming process as a second
substrate.
10 (Example 11)

The surface layer of a first single crystal Si
substrate was subjected to anodization in an HF
solution. The anodization was conducted under the
following conditions.

15 current density: 7 (mA.cm?)

anodization solution: HF : H,O : CHOH = 1 : 1 : 1

duration: 11 (min.)

thickness of the porous Si layer: 12 (pum)

The substrate was then oxidized at 400°C for an hour

20 in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized f£ilm of silicon.
Single crystai Si was made to epitaxially grow to a
thickness of 0.15pm on the porous Si layer by means of

25 a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.

source gas: SiH.,Cl, / H,



10 The substrate was then oxidized at 400[err]C for an hour in an
oxygen atnosphere. As a result of the oxidation, the wall surfaces of the
pores of the porous Si were covered with thermally oxidized film of
siltcon. Single crystal Si was nade to epitggially growto a 15

t hi ckness of 0.15[err]mon the porous Si |ayer by neans of a CVD (chem cal
vapor deposition) technique. This operation was conducted under the
followi ng conditions. source gas: - SiHerr]CJ[err] / Herr] gas flow
rate: 0.5/180 I/mn. 20 gas pressure: 80 Torr tenperature:
950[err] C growt h rgase: flowOr8téerrPn5M80 Bduini onally, an SiJerr] |ayer
was fornmed to a thickness of 100nm by thernmally oxidizing the surface of

t he 25 epi t axi ajhy preswmusk:| ay8P TegEHrogen ions were inplanted into the
principal surface of the substrate to a concentration of -72-
5x10[err]/cmerr] GPPReEAtUERE| er a?PBNCvol t age of 180keV. The surface of

the SiJerr] layer and the corresp&n%{g& surface of an Si substrate (second
substrate) carryi ngFIWEBORAFEAI ck < ff1Payer thereon and prepared in

e S ot S RALALbn 2 88h, ey B, Ue D R
of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.

The surface of the Si0O, layer and the corresponding
surface of an Si substrate (second substrate) were

10 brought into contact with each other and put together.

After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer
with an output power level of 500 to 1,000W. The CO,

15 laser was absorbed by the 500nm thick Si0, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it
until the two substrates were separated from each other

20  along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si
layer. For the purpose of the invention, the laser
beaﬁ may be a continuous laser beam or a pulse laser
beam.

25 Thereafter, the residual porous Si layer on the
second substrate was seléctively etched off in a

mixture solution of 49% hydrofluoric acid and 30%



the first substrate, a CJerr] laser beamwas irradiated on the entire
first substrate side surface of the wafer 10 w th an output power | evel
of 500 to 1,000W The CJerr] |aser was absorbed by the 500nmthick
Sinerr] | ayer arranged on the interface -of7@ he two substrates to rapidly
rai se the tenperature of the epitaxial |ayer and the porous Si |ayer that
were | ocated close to it 15 until the two substrates were separated from
each other along the underlying porous Si |ayer due to the thermal stress
rapidly generated in the underlying porous Si |ayer. For the purpose of the
i nvention, the 3quRQUSWATRILD PrFHiie niuEring thae Ha1F0DHUl se | aser

20 beam The site of separation could be substantiaJLy rhggrou |y
control | ed due $PSERAELA | M RERI SHF e Suptas et Wi ‘"sl'ﬁﬁi;r at ed

along a depth of about 1.5lerr]maf. the porous Si [layer, fraomithe Qonded
surface of the %?‘%@?ﬁ?t% as’etc esdﬁpcf@?r 5% %%‘f dis ppool%%‘ﬁsst% | ayer
on the second substrate was I ]!v§l t.ched f.A 1%} ure sol ution of
49% hydr of | uor i"&a%csi%f%%%ué%fi_eegé - %Ib‘ﬁezgus_ %ﬂr%%’@’nf%{egr ide, stirring-
the sol utign constidy. o THEFI WA SLYSIN RydRsdSffortied chedh and

operated as etching stopper so that” the porous SI was selectively etched

?nd renmoved conphftighdss Sof O.1unl 8IS, tHe S Coreldeidd Silmayerhavas formed
0O a

thickness of the formed single crystal Si layer was

observed at 100 points spreading over the entire

surface of the substrate to find that the uniformity of
10  the film thickness was 10lnm:3nm.

Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of étomic force microscopy to find

15 that the Rrms within a 50pm square was about 0.2nm,
which is substantially equal to the corresponding value
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it waé confirmed that

20 no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture

25 solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.

The single crystal Si was left unetched and operated as



t hi ckness of 0.1[err]mon the silicon oxide film The thickness of the
formed single crystal Si layer was observed at 100 poi nts spreadi nhg over
the entire surface of the substrate to find that the uniformty of 10
the filmthickness was 101nnBnm Then, the gphstrate was subjected to a
heat treatnment operation at 1,100[err]C for an hour in a hydrogen

at nosphere. The surface coarseness was observed by neans of atomc force

m croscopy to find 15 that the Rrnms within a 50[err] msquare was about
0.2nm which is substantially equal to the correspondi ng val ue of
comercial ly avetthibhg Stoppérerso then therpmsowwecii omsveseldsteiwaly t hr ough
a transm ssion electron mcroscope, it was confirned that 20 no new
crystal defect setahedecand | renened cconpletrls andiythe afitrsin sykstrate degree
of crystallinity had been numintained. For the purpose of conparison, a
sinilar multil s§ewldtbecesed £oF r3nokhen WeHZIHIoR RIYFRSBRE 5P%1 Si 25
| ayer was prepared to obtaip the above identified . results. Finally, the
porous Si renai AMAERSH PRRAFRG gprocess Bs _a FRRND  JURFKTAYRy sel ectivel y -
etched of f_in a, gixture ution of 49% hydrofluoric acid and 30% aqueous
hydr ogen p&r oxi Hg%‘a@?i?rf%g the solution constantly.

The surface layer of a first single crystal Si
substrate was subjected to anodization in an HF
solution. The anodization was conducted under the

following conditions.

10 current density: 7 (mA-.cm?)
anodization solution: HF : H,O : CGH;OH = 1 : 1 : 1
duratibn: 5.5 (min.)
thickness of the porous Si layer: 6 (pum)
and subsequently
15 current density: 70 (mA.cm™?)
anodization solution: HF : H,O0 : CGHOH = 1 : 1 ¢ 1

duration: 0.5 (min.)
thickness of the porous Si layer: 5 (pm)
The substrate was then oxidized at 400°C for an hour
20 in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon.
Single crystal Si was made to epitaxially grow to a
thickness of 0.15pm on the porous Si layer by means of
25 a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.

source gas: SiH,Cl, / H,



The single crystal Si was |eft unetched and operated as 5 et chi ng
stopper so that the porous Si was selectively etched and renoved conpletely
and the first substrate could be used for another anodi zati on process or
for'another oxide filmformng process as-aygecond substrate. 10

(Exanpl e 11) The surface |ayer of a first single crystal Si substrate was
subj ected to anodi zation in an HF solution. The anodi zati on was conduct ed
under the follow ng conditions. 15 current density: 7 (mA.cnierr])
anodi zation solution: HF : Herr]O: Cerr]Herr]OH=1: 1 : 1 duration

11 (min.) thicknesgasffloe pateus &iS/E8@rl/minpn) The substrate was then
oxi di zed at 400[err]C for an hour 20 I n an oxygen atnosphere. As a
result of the oxi dg@fopresperenl | 8QrFeEes of the pores of the porous Si
were covered with thernmally oxidized filmof silicon. Single crystal Si was
made to epitaxial | YeHPRHREBTS t hi cRP8sS of 0.15[err]mon the porous S

| ayer by neans of 25 a_CVD (chepi gal yapor deposition) technique. This
operation was cond®EPEHRLRAER: t he QB?I VX?ébtonditions. source gas: ~

SiHerr]Q Eer ]/ k‘é&i{:lbnalj.;?' alqa§i(f)z! civgyreql Gad £kl WoMaNthickness

of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.
The surface of the SiO, layer and the corresponding

surface of an Si substrate (second substrate) were

10 brought into contact with each other and put together.

After removing the oxide film on the rear surface of

the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer
with an output power level of 500 to 1,000W. The CO,

15 laser was absorbed by the 500nm thick Si0, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it
-until the two substrates were separated from each other

20 along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying poréus Si
layer. For the purpose of the invention, the laser
beam may be a_cdntinuous laser beam or a pulse laser
beam.

25 Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a

mixture solution of 49% hydrofluoric acid and 30%



gas pressure: 80 Torr tenperature: 950[err]C growt h rate: 0.3
pmimn. 5 Additionally, an SiJerr] |layer was fornmed to a thickness
of 100nm by thermally oxidizing the surface of the epitaxially growm S

| aybr. The surface of the Sigerr] layer .angthe correspondi ng surface of
an Si substrate (second substrate) were 10 brought into contact with
each other and put together. After renoving the oxide filmon the rear
surface of the first substrate, a CJerr] |aser beamwas irradiated on the
entire first substrate side surface of the wafer with an output power |evel
of 500 to 1, 000&¢udoes diydrogern Speroxides skirminerihel $38dutkos00nm t hi ck
Sigqerr] Iayer arranged on the interface of the two substrates to rapidly
rai se the tenpefenstantlyt heThpisingle FegsFahidf (s p’cﬁ%"bs‘”ﬁtql"éﬁ%r t hat

were | ocated close to it until the two substrates %/Eare ¥arated .om each
ot her 20 al oﬂﬁdtﬂﬁeﬁﬁ'&%‘ﬁl?ﬁn%t‘b‘b?'%ssg?m’%ﬁ/eﬁod Yostf PPt stress

dl ted h d E f th
bent]on the TagerebaErE LY L taNed ER rh 'o‘rea%e?or%%aém%fap‘s[]f’izel aser
beam 25 5 The.E. {gteg %gﬁl%Eé#?él@élpg Oi'%(j cond

substrate Was sel eC |vély ? s utlon of 49%
hydrofluoric ackfl;aRfled8%f 0.1pm on the silicon oxide film. The

thickness of the formed single crystal Si layer was

observed at 100 points spreading over the entire

surface of the substrate to find that the uniformity of
10 the film thickness was 10lnm*3nm.

Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed'by means of atomic force microscopy to find

15 that the Rrms within a 50um square was about 0.2nm,
which is substantially equal to the corresponding value
of commercially available Si wafers. -

When a cross sectioﬁ was observed through a
transmission electron microscope, it was confirmed that

20 no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture

25 solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.

The single crystal Si was left unetched and operated as



- 76 - aqueous hydrogen peroxide, stirring the solution constantly. The
single crystal Si was |eft unetched and operated as etching stopper so that
the porous Si was selectively etched and renoved conpletely. 5 Thus,
a single crystal Si layer was formed to a t80 ckness of 0.1[err]mon the
silicon oxide film The thickness of the formed single crystal Si |ayer was
observed at 100 points spreading over the entire surface of the substrate
to find that the uniformty of 10 the filmthickness was 101nnm8nm Then,
the substrate was subjected to a heat treatnent operation at 1,100[err]C
for an hour in etehingeroppe®sPPckkat Tehe pprere SbharaerRakeghlkvebser ved
by nmeans of atom c force_mcroscopy to find 15 that the Rrns within a
50[ er r] m squar eet@Red 3Rl ¥euoyed \Frepletely R they First substrate
correspondi ng val ue_of co rciall vai |l abl e, Si. wafers. Wien a gross
section was obs%?%ﬁ% ?ﬁr%%%% §9¥r%§éfh%£i?ﬁpé;%ﬁ%*%ﬁl?ﬁ%ﬁ%&%d%%, ?t was
confirmed that 20 n L, CLY. fect en. ced inthe S

| ayer and an ex%ré? %?1 dée%%‘géoﬁi‘%?/%%a %i%i%%‘g‘g %‘éﬂégn{#r%%’t ai ned.

Finally, the pofeusSnHI rfgyining on the first substrate was al so
sel ectively etcLe% d?#ein a mxture 25 solution of 49% hydrofluoric acid

and 30% aqueous hy@RQOShr PEEEX1&Per SOETA PlirdDes BRYLE | @FySEABIENt Y. The
single crystal Si was |left unetched and operated as

substrate was subjected to anodization in an HF

solution. The anodization was conducted under the

following cdnditions.

10 current density: 7 (mA.cm™?)
anodization solution: HF : HO : CHOH = 1 : 1 : 1
duration: 3.5 (min.)
thickness of the porous Si layer: 4 (upm),
subsequently |
15 current density: 100 (mA.cm™?)
anodization solution: HF : H,O : CCHOH =1 : 1 : 1
duration: 0.2 (min.)
thickness of the porous Si layer: 3 (pm)
and then
20 current density: 7 (mA-.-cm?)
anodization solution: HF : HO : CHOH = 1 : 1 : 1

duration: 3.5 (min.)
thickness of the porous Si layer: 4 (um).
The substrate was then oxidized at 400°C for an hour
25 in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were

covered with thermally oxidized film of silicon.



- 77 - etching stopper so that the porous Si was selectively etched and
renmoved conpletely and the first substrate could be used for another

anodi zati on process or for another bonding process as a second substrate. 5
(Exanpl e 12) The surface |ayer of a first.sggpglLe crystal Si substrate was
subj ected to anodi zation in an HF solution. The anodi zati on was conduct ed
under the follow ng conditions. 10 current density: 7 (mA.cnferr])
anodi zation solution: HF : Herr]O: CerrJ]Herr]OH=1: 1 : 1 duration
5.5 (mn.) thickness of the porous Si layer: 6 (pn) and subsequently 15
current densitySiHQQe(nAysmpérS})waaomaéattonepbtakiamlykﬁrowkﬁera]O
CerrJ]Herr]OH =1 1 : 1 duration: 0.5 (mn.) thickness of the porous Si
layer: 5 (pm Thbiskpessapé RadSumeanokhei perous 8bolavercbyoreanshofir 20
in an oxygen atnosphere. As a result of the oxidation, the wall surfaces
of the pores ofatﬁgnp6PbﬁglgplmEPB°EOGGP€§iﬁ%?ﬁ)tﬁ&FHﬁFH?eOX|Hhi%d film of
silicon. Single cr % Si was nade tﬁe ﬁlt&Xlg ¥ giom/to a thickness of
0.15[err] mon tﬂBe%B 508 ¥ps| goprugleqsunders thg followipa eARfEtiPSapor -
dep03|t|on% technlgggrceThhg.operaggﬁqIFa§ %onducted under the follow ng
condi ti ons: : 22 2

gas flow rate: 0.5/180 1l/min.

gas pfessure: 80 Torr
tempefature: 950°C
growth rate: 0.3 pm/min.
10 Additionally, an SiO, layer was formed to a thickness

of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.
The surface of the SiO, layer and the corresponding
surface of an Si substrate (second substrate) were
15 brought into con?act with each other and put together.
After removing the oxide film on.the rear surface of
the first substrate, a CO, laser beam was irradiated on
the entire first substrate side surface of the wafer
with an output power level of 500 to 1,000W. The CO,
20 laser was absorbed by the 500nm thick SiO, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer
and the porous Si layer that were located close to it
until the two substrates were separated from each other
25 along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si

layer. For the purpose of the invention, the laser



source gas: SiHerr]CJ[err] / Herr] -78- gas flow rate: 0.5/180

| /mn. gas pressure: 80 Torr tenperature: 950[err]C growth rate:

0.3 pnmimn. 5 Additionally, an SidJerr] layer was forned to a

t hi ékness of 100nm by thermal |y oxi di zi ng-tge surface of the epitaxially
grown Si layer. The surface of the SiQ2 | ayer and the correspondi ng surface
of an Si substrate (second substrate) were 10 brought into contact with
each other and put together. After renoving the oxide filmon the rear
surface of the first substrate, a CJerr] |aser beamwas irradiated on the
entire first subeamameysbdeascohtiruotsthesernflkeamioh arpwlsputagsemer | evel
of 500 to 1,000W The CJerr] 15 | aser was absorbed by the 500nmthick
SiJerr] |ayer beemaged on the interface of the two substrates to rapidly
raise the tenperature of the epitaxial |ayer and the porous Si_|ayer that
were | ocated cl oseTherpafgar | thaeresddiabsPerrees ﬁkr£a¥%5a?%IEﬁefron1each

ot her 20 al ong the underlying porous Si.l|ayer gu§ éo %?e.thernal stress
rapidly generat§8°PﬁdtﬁBbﬁﬁHéF?ngﬁ ﬁ%iﬁﬁglgf Y o§EPCEoP t he™ plir pose of the
| nvention, gthe | agel2°30hIRYoR%? 488" hPaRYE1L828E BERY" Qhadady! se | aser

beam

agueous hydrogen peroxide, stirring the solution
constantly.. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed complétely.

10 Thus, a single crystal Si layer was formed to a
thickness of O0.lym on the silicon oxide film. The
thickness of the formed single crystal Si layer was
observed at 100 points spreading over the entire
surface'of the substrate to find that the uniformity of

15 the film thickness was 10lnm*3nm.

Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a
hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find

20 that the Rrms within a 50um square was about 0.2nm,
which is substantially equal to the corresponding value
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that

25 no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been

maintained.



25 Thereafter, the residual porous Si |ayer on the second substrate
was sel ectively etched off in a m xture solution of 49% hydrofluoric acid
and 30% -79 - aqueous hydrogen peroxide, stirring the solution
conétantly. The single crystal Si was | efi gmet ched and operated as etching
stopper so that the porous Si was selectively etched and renoved
conpletely. 5 Thus, a single crystal Si |ayer was forned to a

t hi ckness of O0.1[errJmon the silicon oxide film The thickness of the
formed single crystal Si |ayer was observed at 100 points spreadi ng over
the entire surfaceFohalhe, sthetpexeus S i rehaiing hen urhe of¥wsy of 10

the filmthickness was 101nnBnm Then, the substrate was subjected to a

heat treatnent SPRFEFPER ¥RS 13180 (WIS HRLArHRAR 9t H 1y dyjerture
e e S ESE PR IeS e R SRS Stk MR, Sl . hce,
0,20 Wby h | susubabanLaLbys SVl oot SOUISSROOMCaRLe ol
LT o FRECLLANT SERERDCe: ol MR AL i Whera R
of crystallinitycbRfngesboppePt&bNEtat the porous Si was selectively
etched and removed completely and the first substrate
could be used for another anodization process or for
another bonding process as a second substrate.
10 (Example 14)
The surface layer of a first single crystal Si
substrate was subjected to anodizafion in an HF
solution. The anodization was conducted under the
following conditions.
15 current density: 7 (mA-cm™?)
anodization solution: ﬁF :t HO : CHOH =1 : 1 : 1
duration: 11 (min.)
thickness of the porous Si layer: 12 (um)
The substrate was then oxidized at 400°C for an hour
20 in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
covered with thermally oxidized film of silicon.
Single crystal Si was made to ebitaxially grow to a
thickness of 0.15um on the porous Si layer by means of
25 a CVD (chemical vapor deposition) technique. This
-operation was conducted under the following conditions.

source gas: SiH,Cl, / H,



Finally, the porous Si remaining on the first substrate was al so

sel ectively etched off in a mxture 25 sol ution of 49% hydrofluoric acid
and 30% aqueous hydrogen peroxide, stirring the solution constantly. The
single crystal Si was |left unetched and opegéated as -80- etching stopper

so that the porous Si was selectively etched and renoved conpletely and the
first substrate could be used for another anodization process or for

~anot her bondi ng process as a second substrate. 5 (Exanmpl e 13) The
surface layer of a first single crystal Si_substrate was subjected to

anodi zation in an GFssﬁlﬁvlﬁﬁteThe anOb$Q al iMinwas conduct ed under the
foll ow ng conditions. current denS|ty 7 (M. cnferr]) anodi zation
solution: HF : H[eg?fCPreﬂf%F?]F{e??]?PF: 1 : : 1 duration: 3.5 (min.)

t hi ckness of the p [ QUS | ay é Err]n) subsequently 15 current
density: 100 (mA ﬁTB?F?#uBﬁOdlza?? n“solution: HF : Herr]O:

C[err]H[err]CH =1 tatio fn.) thickness of the porous S
| ayer: 3 (pm and ¥ OAtEO}agg cu@ren? dgn5|ty 7 (mM.cnferr])

5 Additionally, an SiO, layer was formed to a thickness
of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.

The surface of the Si0, layer and the corresponding
surface of an Si substrate (second substrate) were

10 brought into contact with each other and put together
for bonding.

Then, the bonded substrate were heated to about
1,250°C in a heat treatment furnace. They were
separated from each other along the underlying porous

15 Si layer due to the thermal stress rapidly generated in
the porous Si layer. For the purpose of the invention,
the substratéé'may be subjected to another heat
treatment to improve their bonding strength.

Thereafter, the residual porous Si layer on the

20 second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%
aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si

25 was selectively etched and removed completely.

Thus, a single crystal Si layer was formed to a

thickness of O0.lum on the silicon oxide film. The



anodi zation solution: HF : Herr]O: Cerr]Herr]OH=1: 1 : 1 duration
3.5 (mn.) thickness of the porous Si layer: 4 (pm. The substrate was then

oxi di.zed at 400[err]C for an hour 25 i n an oxygen atnosphere. As a
result of the oxidation, the wall surfaces gf the pores of the porous Si
were covered with thermally oxidized filmof silicon. -81- Single

crystal Si was nmade to epitaxially grow to a thickness of 0.15[err]mon the
porous Si |ayer by nmeans of a CVD (chem cal vapor deposition) technique.
Thi s operation was conducted under the follow ng conditions. 5 source
gas: Si H ethickhess|of therférmed $ingle atrysitpak/IBOLayen (Wagjas
pressure: 80 Torr tenperature: 950[erQAC grom h rate: 0.3

[err]m min. 10 observedidati PRI pgints sprading eyey he ¢Q#¥E% to a

t hi ckness of 100nm by thernmally oxidizing the surface of the epitaxially
grown Si | ayer.SURgage fcbherSubstaptee ob? | fing cthah dthe ikt BY]Q‘?fng
surface of an Si substrateaésecond sub€¢{ate were 15 brought into
contact with eatReotht? th Bﬁ?s?oﬁ%?h NP r enovi ng the oxide filmon

_the rear s rface O%H%Ihfee rst %uﬁ% ?;‘{?as " SLL dl@éo% l@ﬁgp was

i rradi at ed on the € si SUrf ace e waf er
treatment operation at 1,100°C for an hour in a

hydrogen atmosphere. The surface coarseness was
observed by means of atomic force microscopy to find
that the Rrms within a 50pm square was about 0.2nm,

10 which is substantially equal to the corresponding value
of commercially available Si wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si

15 layer and an excellent degree of crystallinity had been
maintained.

For the purpose of comparison, a similar mﬁltilayer
structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified

20 résults.

Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture
solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.

25 . The single crystal Si was left unetched and operated as
etching stopper so that the porous Si was selectively

etched and removed completely and the first substrate



wi th an out put power |evel of 500 to 1,000W The CJerr] 20 | aser was
absorbed by the 500nmthick SiJerr] |ayer arranged on the interface of the
two substrates to rapidly raise the tenperature of the epitaxial |ayer and
thelporous Si layer that were |ocated cl oseggo~it until the two substrates

were separated from each other 25 al ong the underlying porous Si |ayer
due to the thermal stress rapidly generated in the underlying porous S
| ayer. For the purpose of the invention, the |aser -82- beam may be a

continuous | aser beamor a pulse | aser beam Thereafter, the residual
porous Si | ayer conldhbesuseddfoubanotherwasoditationepyoeeshedroférin a 5
m xture solution of 49% hydrofluoric acid and 30% aqueous hydrogen

per oxi de, stirrpngthes bondingnpronesanesya sghendi agbstrapetal Si was |eft
unet ched and operated_as_etching stopper so that the porous Si was

sel ectivel y. et chEFaBRASr dRdved conpl etely. 10 Thus, a single crystal
Si layer was forne hi ck s of Cllgn1on the filicon oxide film The

t hi ckness of the f P%g§%§%ﬁ§Fe g§?§taf 8 Tinsk, sipd 8b§§¥§§ﬁ aP1100 points

coread 1o aver BUBsSakhar, Al HIBSoReR S oM AER R R L0

was subjected t@o3y88h. The anodization was conducted under the
following conditions.

current density: 7 (mA-cm™?)

anodization solution: HF : HO : CCHOH = 1 : 1 : 1

10 | duration: 11 (min.)

thickness of the porous Si layer: 12 (um)

The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were

15 covered with thermally oxidized film of silicon.
Single crystal Si was made to epitaxially grow to a
thickness of 0.15um on thé porous Si layer by means of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.
20 source gas: SiH,Cl, / H,
gas flow rate: 0.5/180 1l/min.

gas pressure: 80 Torr

temperature: 950°C
growth rate: 0.3 pm/min.
25 Additionally, an SiO, layer was formed to a thickness

of 100nm by thermally oxidizing the surface of the

epitaxially grown Si layer.



treatnment operation at 1,100[err]C for an hour in a hydrogen atnosphere.
The surface coarseness was observed by neans of atomc force m croscopy to
find 20 that the Rrms within a 50[err]msquare was about 0.2nm which is
subStantially equal to the corresponding ygue of comrercially avail able Si
waf ers. When a cross section was observed through a transm ssion el ectron

m croscope, it was confirnmed that 25 no new crystal defects had been
introduced in the Si layer and an excellent degree of crystallinity had
been nuai nt ai ned. - 83 - Finally, the porous Si renmaining on the first

substrate was al sdrbse| satfacs yottdee Ei0,f layexr rnkdt dthe colrrespondfing9%
hydr of | uori c acid and 30% aqueous hydrogen peroxide, stirring the solution
constantly. 5 suffece|ef)an (i ssubsigra@s(segand ruksieprtml epersingl as
etching stopper so that the porous Si was sel ectively etched and renoved
conpl etel y and @h209np skhiclh$Qy daysy Fheeerne @ndo PreRSrRE: 12, &4VARGE 0N
process or for another bagndin rocess as a .second substrate. 10

(Exanpl e 14) Th‘éeg%t&FIé‘E‘églP%y’e‘gt‘gfc%P???Etmsvhgq‘%c r éi‘%ﬁ %?‘?s‘?}‘btst rate was -

subj ected Lo angdi zation_.in .an sol ution. The anodi zati on was conduct ed
under the oIIoﬁ??\% %ﬂd???o%%’.’gfng'

Then, the bonded substrate were heated to about
1,250°C in a heat treatment furnace. They were
separated from each other along the underlying porous
Si layer due to the thermal stress rapidly generated in

10 the porous Si layer. Fof the purpose of the invention,
the substrates may be subjected to another heat
treatment to improve their bonding strength.

Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a

15 mixture solution of 49% hydrofluoric acid and 30%
agueous hydrogen peroxide, stirring the solution

. constantly. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

20 Thus, a single crystal Si layer was formed to a
thickness of O.lum on the silicon oxide film. The
thickness of the formed single crystal Si layer was
observed at 100 points spreading over the entire
surface of the substrate to find that the uniformity of

25 the film thickness was 10lnm+3nm.

Then, the substrate was subjected to a heat

treatment operation at 1,100°C for an hour in a



15 current density: 7 (mA.cnferr]) anodization solution: HF :
Herr]O: (err]J]Herr]OH=1: 1 : 1 duration: 11 (mn.) thickness of the
porous Si layer: 12 (pm) The substrate was then oxidized at 400[err]C for
an hour 20 in an oxygen atnosphere. As ggresult of the oxidation, the
wal | surfaces of the pores of the porous Si were covered with thermally
oxidized filmof silicon. Single crystal Si was nade to epitaxially growto
a thickness of 0.15[err]mon the porous Si |ayer by nmeans of 25 a CVD
(chem cal vapor deposition) technique. This operation was conducted under
the foll owi ng cbwndrogensatmosphergas: The s@rfcer¢Ghfsendss wherr| - 84
- gas flowrate: 0.5/180 I/ mn. gas pressure: 80 Torr tenperature:

950[ err] C gr owt fibpar¥ed byomgang afnatgmic forgedricopsteny b Simlerr]

| ayer was forned to a thickness of 100nm by thermally oxidiziqg t he surface
of the epitaxi aFR§tgtBRnRams| wiEhinTaSQup savase vae apeye ?i2myer and

t he correspondiﬁﬁaéﬁrtac ubstrate (second substra were 10

f Si
brought into co %Ft%ugﬁE%HB%%%iyaﬁﬁui t T@ o bR HEPTFSFP IR e'%dYa n,
the bondedssubs&%a&gmmgggigfi§egvéglggfgtSi wafers.

When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been

10 maintained.

For the purpose of comparison, a similar multilayer
structure carrying no oxide film on the epitaxial Si
layer was prepared to obtain the above identified
results.

15 Finally, the porous Si remaining on the first

| substrate was also selectively etched off in a mixture

solution of 49% hydrofluoric acid and 30% aqueous
hydrogen peroxide, stirring the solution constantly.
The single crystal Si was left unetched and operated as

20 - etching stopper so that the porous Si was selectively
etched and removed completely and the first substrate
could be used for another anodization process or for
another oxide film forming process as a second
substrate.

25 (Example 16)
" The surface layer of a first single crystal Si

substrate was subjected to anodization in an HF



1,250[err]Cin a heat treatnment furnace. They were separated from each

ot her al ong the underlying porous 15 Si layer due to the thermal stress
rapidly generated in the porous Si |ayer. For the purpose of the invention,
the 'substrates may be subjected to another Bgat treatnent to inprove their
bondi ng strength. Thereafter, the residual porous Si |ayer on the 20

second substrate was sel ectively etched off in a mxture solution of 49%
hydr of | uori ¢ acid and 30% aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal Si was |eft unetched and operated as etching
st opper so that sphutioncusTBe apodizahionewast confdyctedhwndendthenoved
conpletely. Thus, .a single crystal Si |layer was formed to a thickness of
0.1[err] mon t h&€°dilPrdpE ERPELtLPRA The -85- thickness of the forned
single crystal Si |ayer observed_at 100 ints spreadi ng over the
entire surface of £H r?ﬂ%???&?é%YO f?némﬁhﬁpgﬁhe uniformty of the film

t hi ckness was 101nn8nm. 5. . hen, the_ subsirate ubj gcted to a heat
t r eat nent operatioﬁngﬁhf?fbepeFP;E%f8P’ahHﬁoDrﬁ? %1¢§§P%génfatngsbh re.
The surface coarse .obgerved.hynmeans of atomi c force mcroscopy to
find that ?he ansaa??ﬁﬁﬁﬁé 58[%r?ﬂﬁ$é uare was about 0.2nm 10 which is

substantially equakniexhBesCek" eaBOBErBAsVEiUfayer: 4 (um),
subsequently
current density: 100 (mA.cm™?)
anodization solution: HF : HO : CCHOH =1 : 1 : 1
10 duration: 0.2 (min.)
thickness of the porous Si layer: 3 (pm)
and then |

current density: 7 (mA.cm™?)

.
=
.

=

anodization solution: HF : H,0 : CHOH = 1
15 duration: 3.5 (min.)
thickness of the porous Si layer: 4 (um).
The substrate was then oxidized at 400°C for an hour
in an oxygen atmosphere. As a result of the oxidation,
the wall surfaces of the pores of the porous Si were
20 covered with thermally oxidized film of silicon.
Single crystal Si was made to epitaxially grow to a
thickness of 0.15pm on the porous Si layer by means of
a CVD (chemical vapor deposition) technique. This
operation was conducted under the following conditions.
25 source gas: SiH,Cl, / H,
gas flow rate: 0.5/180 1/min.

gas pressure: 80 Torr



of commercially available Si wafers. Wen a cross section was observed
through a transm ssion el ectron mcroscope, it was confirned that no new
crystal defects had been introduced in the Si 15 | ayer and an excel |l ent
degfee of crystallinity had been maintai nedggFar the purpose of conparison,
a simlar nultilayer structure carrying no oxide filmon the epitaxial S

| ayer was prepared to obtain the above identified 20 results. Finally,
the porous Si remaining on the first substrate was al so sel ectively etched
off in a mxture solution of 49% hydrofluoric acid and 30% aqueous hydrogen
per oxi de, stirringtempezeituresn cofSO46tly. 25 The single crystal Si was
| eft unetched and operated as etching stopper so that the porous Si was

sel ectivel y et ched 9xe¥the®a¥ed conﬁkgtémyméﬁd the first substrate - 86-
coul d be used for another anodization _process or for another bondin

process as a secondddfdOraldy . (BRafple t3yeTHERS UFPHRRY I E9R BRIGKREFY
ol 0t on. The. aREdio0Pmo kT AbeEBRLIx: B LORASS: o BLrEaLRy SeokBEt f ons.
current de@§ityépi%akmélﬁg[85%hh Si layer.

The surface of the Sid2 layer and the corresponding
surface of an Si substrate (second substrate) were
brought into contact with each other and put together
for bonding. -

10 Then, the bonded substrate were heated to about 600
to 1,200°C in a heat treatment furnace. They were
separated from each other along the porous Si layer due
to the thermal stress rapidly generated in the porous
Si layer. For the purpose of the invention, the

15 substrates may be sﬁbjected to another heat treatment
to improve their bonding strength.

Thereafter, the residual porous Si layer on the
second substrate was selectively etched off in a
mixture solution of 49% hydrofluoric acid and 30%

20 aqueous hydrogen peroxide, stirring the solution
constantly. The single crystal Si was left unetched
and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

Thus, a single crystal Si layer was formed to a

25 thickness of O0.1uym on the silicon oxide film. The
thickness of the formed single crystal Si layer was

observed at 100 points spreading over the entire



anodi zation solution: HF : Herr]O: CerrJHerr]OH=1: 1 : 1 10
duration: 11 (mn.) thickness of the porous Si layer: 12 (pm The
substrate was then oxidized at 400[err]C for an hour in an oxygen

at nbsphere. As a result of the oxidation,-tbe wall surfaces of the pores of
the porous Si were 15 covered with thermally oxidized filmof silicon.
Single crystal Si was nade to epitaxially growto a thickness of 0.15[err]m
on the porous Si |ayer by nmeans of a CVD (chemnmi cal vapor deposition)

techni que. This operation was conducted under the follow ng conditions. 20
source gas: sugifprer pECther shbstrpter foghiind| thatathe ugifpa8bty/of n.
gas pressure: 80 Torr tenperature: 950C growt h rate: 0.3

[err]m nin. 25 the filpqithigkaess waf LPEpRERPME ayer was forned to a

t hi ckne of 100n thermal |y oxidizing the,surface of the epitaxially
grown Sl ayer . Thégy thAcsulisPiatecyagnsusi SPERR] tpagenoahd t ho

. SuT err | .
Soonm thi ck & OLEPRFPRy.PPeRarElR° skt ot BREF ohor-eRabaRkclncf e br oughi
Into contagt w h@dﬁéggﬂgklﬂﬁés?ggggght The shPBELACELRLRODYIAgs Then, the

bonded substrate”wer ate
observed by means of atomic force microscopy to find

that the Rrms within a 50um square was about 0.2nm,
which is substantially equal to the corresponding value
of commercially available Si wafers.

10 When a cross section was observed through a
transmission electron microscope, it was confirmed that
no new crystal defedts had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained.

15 Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture
solution of 49% hydrofluoric acid and 30% aqueous
hydrogen perokide, stirring the solution constantly.
The single cryétal Si was left unetched and operated as

20 etching stopper so that the porous Si was selectively
etched and removed completely and the first substrate
could be used for another anodization process or for
another bonding process as a second substrate.
'(Example 17)

25 The surface layer of a first single crystal Si
substrate was subjected to anodization in an HF

solution. The anodization was conducted under the



1,250[err]Cin a heat treatnent furnace. They were sepa
other along the underlying porous Si |ayer due to the t
rapi.dly generated in 10 the porous Si layer. For th
i nvéntion, the substrates may be subjected b@ another h
| mprove t hei r bondi ng strength. Thereafter, the residua
the second substrate was selectively etched off in a 15
of 49% hydrofluoric acid and 30% aqueous hydrogen perox
sol ution constantI{ The single crystal Si was left un
as etching stopfelleyipgacopAdtpensus Si was sel ectivel
conpletely. 20 Thus, .a single cristal I layer wa

t hi ckness of O IpnFHﬁrFHE QFPFEEM ox? d&mAr P )The t hi ck

rated from each

hermal stress

e purpose of the-

eat treatnment to

| porous Si |ayer on
m xture sol ution

i de, stirring the

et ched and operated

y etched and renoved

s forned to a

ness of the forned

I t al ob dat 1 th
niire Suiace of PRECSARELPR BOLUCEPRG (A R i GRBRGR LY bi ob © Tine

filmthickness masga%%@%ggnt ghg?&pgge substrate mas su

treatment operatio 00[ errT an hour in a

at mspheres, The. SUkhaern8aar 8RS, PBRoARSEYYEdyBY: Toa"

m croscopy to find that the
which is substaghﬁaghﬁsgqughtgg the correspondlng val ue

current density: 70 (mA.cm?)

bJected to a heat
- 88- hydrogen
fu ﬁlf) atom c force

In a ntsquare was about 0.2nm

anodization solution: HF : H,O : CCHOH = 1 : 1 : 1

duration: 0.5 (min.)
10 thickness of the porous Si layer: 5
The substrate was then oxidized at 40
in an oxygen atmosphere. As a result of

the wall surfaces of the pores of the po

(pm) .
0°C for an hour
the oxidation,

rous Si were

covered with thin thermally oxidized film of silicon.

15 Thereafter, the thin oxide film produced on the

uppermost surface of the substrate where the porous

layer had been formed was removed by immersing it in a

1.25% HF solution. Subsequently, the ob

tained

substrate was subjected to heat treatment at 1,050°C

20 and 760Torr for 1 minute in a flow of H,

flowing at a

rate of 2301/min. and for more 5 minutes after adding

SiH, by 50sccm.

Then, single crystal Si was made to epitaxially grow

to a thickness of 0.15pum on the porous Si layer by

25 means of a CVD (chemical vapor deposition) technique.

This operation was conducted under the following

conditions.



5 of commercially available Si wafers. Wen a cross section was observed
through a transm ssion el ectron mcroscope, it was confirned that no new
crystal defects had been introduced in the Si layer and an excell ent degree
of trystallinity had been 10 mai nt ai ned.93ox the purpose of conparison
a simlar nultilayer structure carrying no oxide filmon the epitaxial S
| ayer was prepared to obtain the above identified results. 15
Finally, the porous Si remaining on the first substrate was al so
selectively etched off in a mxture solution of 49% hydrofluoric acid and
30% aqueous hydr ogepupee oxase, stiSiHLd.t helsol ution constantly. The single
crystal Si was left unetched and operated as 20 et chi ng stopper so that
the porous Si was 9afcElPyergtet cHePAKRL rbffied conpletely and the first
substrate could be used for another_ anodi zati on process or for another
oxi de film forni nggp? oRESISUEE Y sRJMtPEhibstrate. 25 (Exanpl e 16) The
surface |ayer of a_first single cr Si substrate was subjected to

BeRLg LR

anodi zation in an Fﬁmper§ 50l ut The anodi zati on was conduct ed under-

the fol lowsng condiLLons. rate: 0.3 pm/min.

Additionally, an Si0, layer was formed to a thickness
of 100nm by thermally oxidizing the surface of the
epitaxially grown Si layer.

The surface of the Si0, layer and the corresponding

10 ‘surface of an Si substrate (second substrate) were
brougﬁt into contact with each other and put together
for bonding.

After removing the oxide film on the rear surface of
the first substrate, a CO, laser beam was irradiated on

15 the entire first substrate side surface of the wafer
with an output power level of 500 to 1,000W. The CO,
laser was absorbed by the 500nm thick SiO, layer
arranged on the interface of the two substrates to
rapidly raise the temperature of the epitaxial layer

20 and the porous Si layer that were located close to it
until the two substrates were separated from each other
along the underlying porous Si layer due to the thermal
stress rapidly generated in the underlying porous Si
layer. For the purpose of the invention, the laser

25 beam may be a continuous laser beam or a pulse laser
beam.

Thereafter, the residual porous Si layer on the



current density: 7 (mA.cnferr]) anodization solution: HF : Herr]O
CerrJ]HerrJ]OH=1: 1 : 15 duration: 3.5 (mn.) thickness of the
porous Si layer: 4 (pm, subsequently current density: 100 (mA.cnferr])
anofli zation solution: HF : Herr]O: Cerc]ghgerr]OH=1: 1: 1 10
duration: 0.2 (mn.) thickness of the porous Si layer: 3 (pn) and then
current density: 7 (mA.cnferr]) anodization solution: HF : Herr]O:
Cerr]Herr]OH=1: 1 : 1 15 duration: 3.5 (mn.) thickness of the
porous Si layer: 4 (pm. The substrate was then oxidized at 400[err]C for
an hour in an osggendasubsphete. wds selestivedy ébhehedidfifibm,athe wall
surfaces of the pores of the porous Si were 20 covered with thermally
oxi di zed fil m omixkthreosolathgheofr48%ahydrofbyonhdeachdepndad®dl |y grow to
a thickness of 0.15] eran1on the porous Si |ayer by means_of a CVD

(cheni cal vapor 2gBREYFt Bﬁfogﬁehﬁﬁﬁ9§1d¢hl§t65§+6$|Bhemﬁglﬁﬁhﬂ%cted under

e Tollonng cond b OBy 2o arnStan SRRl i, waSubb b bbbShE)
5 and operated as etching stopper so that the porous Si
was selectively etched and removed completely.

Thus, a single crystal Si layer was formed to a
thickness of 0.lum on the silicon oxide film. The
thickness of the formed single crystal Si layer was

10 observed at 100 points spreading over the entire
surface of the substrate fo find that the uniformity of
the film thickness was 10lnm+3nm.

Then, the substrate was subjected to a heat
treatment operation at 1,100°C for an hour in a

15 hydrogen atmosphere. The surface coarseness was
observed by means of-atomic force microscopy to find
that the Rrms within a 50pm square was about 0.2nm,
which is substantially equal to the corresponding value
of commercially available Si wafers.

20 When a cross section was observed through a
transﬁission electron microscope, it was confirmed that
no new crystal defects had been introduced in the Si
layer and an excellent degree of crystallinity had been
maintained. -

25 Finally, the porous Si remaining on the first
substrate was also selectively etched off in a mixture

solution of 49% hydrofluoric acid and 30% aqueous



t enper at ur e: 950[err]C growt h rate: 0.3 [err]mMmn. Additionally, an
SiJerr] layer was forned to a thickness of 100nm by thermally oxidi zi ng
the surface of the 5 epitaxially grown Si |ayer. The surface of the
Siferr] layer and the corresponding surfacesof an Si substrate (second
substrate) were brought into contact with each other and put together for
bondi ng. 10 Then, the bonded substrate were hedated to about 600 to
1,200[err]Cin a heat treatnent furnace. They were separated from each

ot her along the porous Si layer due to the thermal stress rapidly generated
in the porous Shydrggen paroxidepusposring the solupionmrconskantply.
substrates may be subjected to another heat treatnment to inprove their
bondi ng st r engt Fhe THiRgLe t @FYSERE ShiraRdetorunptehed fAnd peiaied &Snd
substrate was sel ec;ivel%/ etched off in a mxture solution of 49%

hydrof | uori ¢ acPtCRIRD 3B96BRRT SQgthatsths RIS bt HEUSS RIS t he

sol uti on const an s |eft upetched .a er at ed

ly. .Th i ngl t Sj d
as etching stop‘bﬁ?}}{%‘a ?’ﬁ%tsrl:n %‘%‘g;%%gpaié?t‘%aa‘ga% e Vfét%"fpes}ra r enoved
| et el Th i.nal i : hi ck
o0 1 pm o ¢ necerPachA%Sed ot Antuef WlodBiaE Mdlinodeds ok god [ PenesS
crystal Si | ayegnypsePPEEAYEHy BHrddlsPUSS SRESAE SboURsLd he entire



- 91 - surface of the substrate to find that the uniformty of the film
t hi ckness was iﬂm Then, the substrate was subjected to a heat
he« L,

treat nent oper !”Hﬂam ]C for an hour in a 5 hydr ogen :
at nosphere. T y o84 ess was Qbsgy ved by neans of atomic force

m croscopy to find that the”R'rs within a 50[err] msquare was about 0.2nm
which is substantially equal to the corresponding value of comrercially
avai lable Si wafers. 10 When a cross section was observed through a
transm ssion el ectron mcroscope, it was confirnmed that no new crystal
defects had beewHAMtISALAIMED IS Si | ayer and an excell ent degree of
crystallinity had been maintained. 15 Finally, the porous S

remai ni ng on the flrstAsushodtef manufagtusingta wenieondueted f in a

m xture solution of 49% hydrofluoric_acid and 30% aqueous hydrogen

peroxi de, stirranglele, sehaxagirtirrd LK ISPMPFHS HAFERS %Al Si was |eft

unet ched and operated as, 20 et chi ng stopper, so, that the yous Si was
sel ectively et che&%?%@f%l%ﬁ%??%‘?ﬁd inRlyding 3 TS coul d be

o 0 PR £ R0 B 555wl 0 95 R LA SRR 0
ot o b Mgl 66 60 46 09040 Bia pRAE SLiSeAn. The
layer:; )
bonding said first substrate and a second substrate
to produce a multilayer structure with said nonporous
10 semiconductor layer located inside;
separating said first and second substrates of said
multilayer structure from each other along said porous
silicon layer by heating said multilayer structure; and

.removing the porous silicon layer remaining on said

15 separated second substrate.

2. A method of manufacturing a semiconductor
article, characterized by comprising steps of:
preparing a first substrate including a silicon
20 substrate having a porous silicon layer and a nonporous
semiconductor layer arranged on said porous silicon
layer;
bonding said first substrate and a second substrate
to produce a multilayer structure with said nonporous
25 semiconductor layer located inside;
separating said first and second substrates of said

multilayer structure from each other along said porous



-92- follow ng conditions. current density: 7 (mA.cnferr]) anodization
solution: HF : Herr]O: Cerr]H err]CH =1: 1: 1 duration: 5.5 (mn.) 5
t hi ckness of the porous Si  Tayer: 6 ([err]n), and subsequently current

den§ity: 70 (mA. c on solutgpn. HF : Herr]O
Cerr]Herr]OH = 1mﬁm1\“%m mnm‘l 0.5 (mn.) 10 t hi ckness of the
porous Si | ayer: A Lelr # The *substrate was then oxidized at 400[err]C
for an hour in an oxygen atnosphere. As a result of the oxidation, the wall
surfaces of the pores of the porous Si were covered with thin thermally
oxi di zed fil m oéiticonohayéb by heaﬁhageaaiérmulhtlahén skrdetarém pr oduced
on the uppernost surface of the substrate where the porous |ayer had been
formed was renovedregovingr thageprous ailicon, Heyes| nenaininghangsehd| v,

t he obtai ned substrate was subjected to heat treatnent at 1,050[err]C 20
and 760Torr for SePAFALEE FﬁcﬁnﬂlﬁupﬁFrP&efI%Rﬂng at a rate of 2301/mn. and

for nore 5 mnutes aft n err] 0s¢c Then, ,single crystal Si
was made to epitaxFﬁPﬁgnQ aﬁtg“BSF%?Eﬁnﬁggag?eé.Q%[E???ﬂfﬁﬂ ghﬁ porous Si-
layer by 2§ porous iayer re&EQSEL&aLnVQ 24 ggBQ%a%egn%lrS%hn'que

substrate as material of another first substrate.

3. A method of manufacturing a semiconductor
article, characterized by comprising steps of:

10 preparing a first substrate including a silicon
substrate having a porous silicon layer and a nonporous
semiconductor layer arranged on said porous silicon
layer;

bonding said first substrate and a second substrate

15 to produce a multilayer structure with said nonporous

semiconductor layer located inside;

separating said first and second substrates of said
multilayer structure from each other along said porous
silicon layer by heating said multilayer structure;

20 removing the porous silicon layer remaining on said
sepaféted second substrate; and

reusing the substrate obtained by removing the
porous layer remaining on said separated first
substrate aé material of another second substrate.

25

4. A method of manufacturing a semiconductor

article according to claim 1, wherein said heating is



Thi s operation was conducted under the follow ng conditions. -93- source
gas: . SiHerr]dJ[err] / Herr] gas flowrate: 0.5/180 I/mn. gas
pressure: 80 Torr tenperature: 950[err]C 5 growth rate: 0.3
[ert]m min. Additj . i rr] layerggias formed to a thickness of
100nm by t her mal I-M[@Mﬂ"zlmglgwiﬁurface of the epitaxially growm Si |ayer.
The surface of thesSidJ ar and the correspondi ng 10 surface of an
Si substrate (second substrate) were brought into contact with each ot her
and put together for bonding. After renoving the oxide filmon the rear
surface of the €EonductelsinaacheatCtreathentsfurnaaen was irradi ated on 15
the entire first substrate side surface of the wafer with an output power

| evel of 500 to 1,000W The CJerr] |aser was absorbed by the 500nmt hi ck

Sigerr] layer arranged on the interface of the two syubstrates to rapidly
rai se the tenperatfre 8f MekBogpPEf RPRLIPGLUTFIDG & SERLCPRAUSEPBUs Si | ayer

that were | ocated ngse to ih,unt'l tge,t sugstrates r sgggratgd from
each other al on§*EhE EnBEFPY ﬁﬁgpg?oﬁ aﬁfm?ayg eﬁﬁént8a¥ﬁe Theridl “Stress -
rapidly gegeratgg bBe%Q%i%RdS%'559919°£82%1§5 said multilayer

structure.

6. A method of manufacturing a semiconductor
article according to claim 5, wherein said heating is

10  realized by laser irradiation.

7. A method of'manufacturing a semiconductor
article according to claim 6, wherein said laser is
carbon dioxidé laser.

15

8. A method of manufacturing a semiconductor
article according to claim 5, wherein said heating is
reélized by causing an electric current to flow through
said porous silicon layer.

20

9. A method of manufacturing a semiconductor
article according to claim 1, wherein a porous silicon
layer is formed on the two surfaces of said silicon
substrate and thereafter a nonporous semiconductor

25 layer is formed on the two porous silicon layers.

10. A method of manufacturing a semiconductor



| ayer. For the purpose of the invention, the |aser 25 beam may be a
conti nuous | aser—beamor—aputse | aser beam Thereafter, the residual
porous Si |ayer on the -94 - second substrate was selectively etched off
in & mxture Sﬂlmllﬂ"@m,ﬂmﬂu drof | uori c. apy d- and 30% aqueous hydr ogen
peroxi de, stirilImgy ; constantly. The single crystal Si was |eft
unet ched 5 and operated as etching stopper so that the porous Si was
selectively etched and renoved conpletely. Thus, a single crystal Si |ayer
was formed to a thickness of O0.1[err]mon the silicon oxide film The

t hi ckness of thartichedactondingrictelain 1aywhexein 1$pid poreused at 100
poi nts spreadi ng over the entire surface of the substrate to find that the
unifornity of taélieem layekntsohkained nhprenalranrdizatien ¥ faidas
subjected to a heat treatnment operation at 1,100[err]C for an hour in a 15
hydr ogen at nospfdtdcon H@bSEFatRe coarseness was observed by neans of
atomc force mcroscopy to find that the Rrns within a 50[err] msquare was
about 0.2nm which is substantially equal to the correspondi ng val ue of

comuercialLy avallgple pindhedSor Manuractdlfly % CiGRfcSERILOM MRS
observed through a tiansm SSion efectron m Crostope, It was confirnmed that
article according to claim 1, wherein said first
substrate is made to carry thereon a porous silicon
layer formed by implanting ions of an element selected
from a rare gas element, hydrogen and nitrogen into
10 said silicon substrate into an ion implantation region
of said silicon substrate having a given depth from the

surface of said substrate and comprises a surface layer

constituted by said nonporous semiconductor layer.

15 12. A method of manufacturing a semiconductor
article according to claim 1, wherein said first
substrate is formed by forming a porous silicon layer
in said silicon substrate and thereafter forming said
nonporous semiconductor layer on said porous silicon

20 layer.

13. A method of manufacturing a semiconductor
article according to claim 1, wherein said nonporous
semiconductor layer is constituted by a single crystal

25 silicon layer.

14. A method of manufacturing a semiconductor



no new crystal defects had been introduced in the Si |ayer and an excell ent
degree of crystallinity had been maintai ned. 25 Finally, the porous
Si renmai ning on the first substrate was al so selectively etched off in a

m xt'ure sol ut 0 rafl uoric acid apg 30% aqueous -95- hydrogen
per oxi de, stiH i(glu- E E ﬂ n constantly. The single crystal Si was |eft
unet ched and o t ng stopper so that the porous Si was
sel ectively etched-and renoved conpletely and the first substrate 5
could be used for another anodization process or .-for another bonding
process as a seavhichebrtecexding to gglaigHAlsd )| SvigiveivEsaBl singleret hod of
manuf acturing a sem conductor article, characterized by conprising steps
of : preparing €¥ystal sgbkicen clayer ubs nfprmed | by gpttaxial,(@¥ewER- havi ng a
porous silicon | ayer and a nonporous sem conductor |ayer arranged on said
porous silicon layer; bonding said first substrate and a second substrate
to produce a mul t1)gyer, SEIUCLYT Se R 28 uPPRE % “YSniconductor
5 article according to claim 13, wherein said first
substrate comprises a silicon oxide layer formed on the

surface of said single crystal silicon layer.

16. A method of manufacturing a semiconductor
10 article according to claim 15, wherein said silicon

oxide layer is formed by thermal oxidation.

17. A method of manufacturing a semiconductor
article according to claim 1, wherein said nonporous
15 semiconductor layer comprises a compound semiconductor

layer.

18. A method of manufacturing a semiconductor
article according to claim 17, wherein said compound

20 semiconductor layer has a single crystal structure.

19. A method of manufacturing a semiconductor
article according to claim 1, wherein said second
substrate is a single crystal silicon substrate.

25
20. A method of manufacturing a semiconductor

article according to claim 1, wherein said second



10 sem conduct or Iayer | ocated i nside; separating said first and second
substrates of said multitayer—structure from each other along said porous

silicon | ayer by h L d nultllayer structure; and renoving the porous
sil{con | ayer rema %Mm sepanatted second substrate. 2. A

met hod of manuf act ufi ctor article, characterized by

conpri sing steps of: preparlng a Tlrst substrate including a silicon 20
substrate having a porous silicon | ayer and a nonporous sem conductor |ayer
arranged on said porous silicon layer; bonding said first substrate and a
second subst ratﬂlb@tmwu-‘e% prepaxed amerf@mm AR oxide sbikm empdrous 25
sem conductor | a | ocated i nside; separating said first and second
substrates of s%i@gkﬁl$¥Y%®%$ siligen reubsEratach ot her al ong said porous
97 silicon layer by heating said nmultilayer structure; renoving the porous
silicon |ayer renaining on said separated second substrate; and reusing the

b b d | d
Separated first substr Akt mpoeP Rt ngF pef SRRt °3
et hod of é”a““fé‘:%;,&'éi&gaécé}?&lﬁé’“@é'%féuﬁri |l 18T 42EY

conprising steps o
substrate is a light transmitting substrate.

22. A method of manufacturing a semiconductor
article according to claim 21, wherein said light

10 transmitting substrate is a glass substrate.

23. A method of manufacturing a semiconductor
article according to claim 1, wherein said bonding step
is conducted by bringing said two substrate into close

15 contact with each other.

24. A method of manufacturing a semiconductor
article according to claim 1, wherein said bonding step
is conducted through anodic bonding, pressurization or

20 - heat treatment.

25. A method of manufacturing a semiconductor
article according to claim 1, wherein said step of
removing said porous silicon layer is performed by

25 polishing said substrate.

26. A method of manufacturing a semiconductor



10 preparing a first substrate including a silicon substrate having a
porous silicon Tayer—and—-a—nonporous seni conductor |ayer arranged on said
porous silicon | ; ding said first substrate and a second substrate
15 ° to produce Im@ﬂlm ﬂ iﬂw.mture w-t bO02akd nonpor ous sem conduct or

| ayer | ocated ins de, said first and second substrates of said
mul tilayer structure from each*other al ong said porous silicon |ayer by
heating said nultilayer structure; 20 renovi ng the porous silicon

| ayer remaining on said-separated second substrate, and reusing the
substrate obtai WetiBlR rGRRTEHNG Hee haiR } aydherestmisakd) e % separat ed
first substrate as npterial _ of another. second substrate. 25 4. A nethod of

manuf act uri ng & SEF A RRID PR IR LM HINPT oL IRETHFEMRhR%i n sai d

heating is o cted in.a heat treatnent furnace. 5. A nethod of
manuf act uri ng dgggﬁ%%in%%%?o§£é§#ﬁ?ﬁﬁ? according to claim1, wherein said

heating is 5 an operation of partly heating said nmultilayer structure.
6. A nethod of manufacturing a sem conductor article according to claimb5,.

wherein sagd heatipg, isalflethod 6% id&th Mt @sShig 14 'sehAtdffictor
article according to claim 26, wherein said etdhing'is

conducted by using hydrofluoric acid.

28. A semiconductor article manufactured by a

10 method according to any of claims 1 through 27.



7. A nethod of manufacturing a sem conductor article according to claim®,
wherein said |laser is carbon dioxide laser. 15 8. A nethod of manufacturing
a sem conductor article according to claimb5, whereg i i i
realized by causing an electric current tolbBow thrpUiS SHERT pas 8BNS | i con
| ayer. 20 9. A nethod of manufacturing a sem conduc} or aREPEAGEDaccording to
claim1, wherein a porous silicon layer is forned of
said silicon substrate and thereafter a nonporous sem conductor 25 | ayer
is formed on the two porous silicon |ayers. 10. A nethod of manufacturing a
sem conduct or AB%TMET@%CW oiﬂﬁ;FIEQ)S‘Xﬁ%i m 1, wherein said porous silicon

| ayer is obtained through_anodi zation of, said siljcon sqgstrat

11. A nethod of rArEERedrPHJRANUERF HYHRE (B rSeMFARG %Br?lfﬁbcf% claim
1, wherein said firs{ substrate |s nade o carg) -tger‘ggn 2,P9r ous silicon
| ayer formed byCPRpF ﬁ??nﬁt?%s"%fp’é‘??ﬁ’e'h%n? é’gf% {BPTFAS rare gas
I v it °. L SEl e "
Con Enpi ant at | APFLORES of TR Prdtmraafe Baplig 8 potEL (SR 1

the surfacg of $aidrSURE!L FhEnPOFoGS BEhEESnBuSHE AE8yéAYEEranged on

the porous siiicon layer, bonding the first substrate

and a second substrate to produce a multilayer
structure with the nonporous semiconductor layer
located inside, separating the first and second

10 substrates of the multilayer structure from each other
along the porous silicon layer by heating the
multilayer structure and removing the porous silicon

layer remaining on the separated second substrate.

_—
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constituted by said nonporous sem conductor |ayer. 15 12. A nethod

of manufacturing a sem conductor article according to claim1, wherein said
first substrate is formed by formng a porous silicon layer in said silicon
substrate and-thereafter form ng said nonporous sem conductor |ayer on said

porous silicon 20 layer. 13. A nethod of manufacturing a sem conductor
article according to claim1, wherein slgf4 nonporous sem conductor |ayer is
constituted by a single crystal 25 silicon layer. 14. A nethod of

manuf acturing a sem conduct or article according to claim 13, wherein
said single crystal silicon layer is forned by epitaxial growth. 15. A

nmet hod of manufacturing a seniconductor article according to claim13,
wherein said first substrate co i n oxide | ayer formed on the
surface of said single crystal s' Y Iay (2@6 A et hod of manufacturing
a sem conductor 10 article accordlng to cle n115 wherein said silicon
oxi de layer is fornmed gy thermat—oxrdatiom: TTEThoU™0 m‘hnuf acturing a

sem conductor article gccording to claim]l1, mhereln sai d rpfAporous 15
sem conductor |ayer conprises a conpound sem conductor |aypr. 18. A nethod
of manufacturing a semjconduct or
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article according to claim 17, wherein said conmpound 20 sem conduct or

| ayer has a single crystal structure. 19. A nethod of manufacturing a

sem conductor article according to claim1l, wherein said second substrate
is a single crystal silicon substrate. 25 20. A nethod of manufacturing a
sem conductor article according to claim1, wherein said second

substrate is prepared by form ng an OX|Zé4f|Inton a single crystal silicon
substrate. 21. A nethod of manufacturing a sem conductor 5. article
according to claim1, wherein said second substrate is a light transmtting
substrate. 22. A nethod of nanufacturlng a sem conductor article according

to claim21, wherein said |ight yﬂal aanL%‘lng substrate is a gl ass
substrate. 23. A method of nanuf _ conductor article according

to claim1l, wherein said-hondi alals bri ngi ng said two
substrate into cl ose 1§ contact mnth each other 24 A kefod of
manuf acturing a sem corjductor article according to claiml1] w -rein sai d
bondi ng st ep i s conductpk vﬁb\‘\l‘k“A'"!L‘k"V‘l\\‘l‘n‘\‘\\“A"\l‘h\l\\I\\\IL\\\A!LL\k 30n or 20
heat treatnment. 25. A nEPNZU/0F FapUYyagU AT VTG A BTHl 2 "‘:7T22art|cle
according to claima1, of g Ve Srdr
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renoving said porous silicon |ayer is perfornmed by 25 polishing said

substrate. 26. A nmethod of manufacturing a sem conductor article
according to claim1l, wherein said step of renoving said porous silicon
| ayer is perfornmed by etching said substrate. 5 27. A nethod of

manuf acturi ng a sem conductor article according to claim26,. wherein said
etching is conducted by using hydrofluo3i¥d acid. 28. A sem conductor
article manufactured by a 10 met hod according to any of clains 1 through
27.

FIG. 3A
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REPLACEMENT SHEET
1o 18 DEC 1997

t.a. P by vt .

METHOD OF MANUFACTURING SEMICONDUCTOR ARTICLE

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a method of manufacturing
a éemiconductor article that can suitably be used for
producing a semiconductor dé&ice such aé a
semiconductor infeg;ated circuit, a solar cell, a
semiconductor laser device or a light emitting diode.
Moré particularly, it relates to a method of
manufacturing a semiconductor article comprising a step
of tran?ferring a semiconductor layer onto a substrate.
Related Background Art

Semiconductor articles are popular in terms of
semicondudtor.wafers, semiconductor substrates and
various semiconductor devices and include thb#e adapted
for producing semiconductor devices by utilizing the
semiconductor region thereof and those used as preforms
for producing semiconductor devices.

Some semiconductor articles of the type under
consideration comprise a semiconductor layer arranged
on an insulator.

The technolpgy of forming a single crystal silicon
semiconductor layer on an insulator is referred.to as
silicon on insulator (SOI) technology, which is widely
known. Various researches have been done to exploit

the remarkable advantages of SOI that cannot be
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METHOD OF MANUFACTURING SEMICONDUCTOR ARTICLE
ABSTRACT OF THE DISCLOSURE

A method of manufacturing*a semiconductor article
comprises steps of preparing a first substrate
including a silicon substrate having a porous silicon
layer and a nonporous semiconductor layer arranged on
the porous silicon layer, bonding the first substrate
and a second substrate to produce a multilayer
structure with the nonporous semiconductor layer
located inside, separating the first and second
substrates of the multilayer structure from each other
along the porous silicon layer by heating the -
multilajer structure and removing the porous silicon

layer remaining on the separated second substrate.

Figures 1B and 1C




