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e conduct or substrate and a sg
produci ng net hod th f -, specifitcally, the pré€EenllvVafeesi on
relates to : A fllat i.on or a produci ng nethod of a single-
crystal seniconductor on an insulator and a single- 10 crystal conpound
sem conductor on an Si substrate, and further relates to a producing
gret hod of a enmi_conduct or_substrate suitable for an el ectronijc
devi ce or an |nteﬁ?ﬂ?%ﬁNEVQ%QﬁtSV§§?ﬁﬁF%uA¥P FROHUSING METHOD, JHEREOF
sem conductor |ayer. 15 Rel at ed Background Art For mati on of
a single-crystal Si sem conductor ~ | ayer on an insulator is wdely

known as a sili ) techni que and has been
resear ched to aERBKaROUFD 9 ﬂ?ent S|né§§z.deV|ce utilizing the SO

t echni que $320RUPREN 18beREVGNt @ageous poi nts which can not be
achi eved by a buFE substrateeﬁgrn1ng the normal Si i nt egrated

circuit. Sgecifical I Mhef Bfegéﬁﬁpiﬁveﬁ&f‘on relatdD 4P REmdvaaLageeus
poi nts can be achi eved enpl oying the SO technique:

substrate and a producing method thereof. More

specifically, the present invention relates to
dielectric isolation or a producing method of a single-
crystal semiconductor on an insulator and a single-

10 crystal compound semiconductor on an Si substrate, and
further relates to a producing method of a
semiconductor substrate suitable for an electronic
device or an integrated circuit formed at a single-
crystal semiconductor layer.

15 Related Background Art

Formation of a single-crystal Si semiconductor
layer on an insulator is widely known as a silicon on
insulator (S0I) technique and has been researched to a
large extent since a device utilizing the SOI technique

20 has a number of advantageous points which can not be
achieved by a bulk Si substrate forming the normal Si
integrated circuit. 8Specifically, for example, the
following advantageous points can be achieved by
employing the SOI techfiique:

25 1. Dielectric iséiéfion is easy and high integration
is possible;

2. Radiation resistance is excellent:;
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25 1. Dielectric isolation is easy and high integration S

possi bl e; 2. Radiation resistance is excellent;

- 2- 3. Fl oating capacitance is reduced and high speed is

possi bl e; 4. \Well process can be 0r tt ed; 5. Latch-up can be
prevented; 5 6. Fully depleted (FD) field effect transistor is

achi eved through filmthickness reduction. These are descri bed
in detail, for exanple, in the literature of Special I|ssue:

"Single-crystal_siligcon on

GW o en T R comante an Reayaraneh g tiah ee S 0%

(1983). iF rther, over the past few years, the SO has been
| ar gel y reporte‘EP%% ubstrate which realizes the accel eration of a
MOSFET and the } ow t] 15 s EEE SO conference 1994).

: . tted; .
Since an el errené‘ hag'?%!ﬁf pcloégéggl)ré?u gtel %bnll g;%gr at its |lower part when
enploying the 5 p JQy SIS ucting Aavelh@@RRt separation process can be
sinplified as conpared wth form ng an el ement on a bul k silicon

vafer so that agdevige 1F Mt (¥®) 2eld shgetentdansSpestfigally, in
addition to achieving the
achieved through film thickness reduction.

These are described in detail, for example, in the
literature of Special Issue: "Single-crystal silicon on
non-single-crystal insulators"; edited by G.W. Cullen,

10 Journal of Crystal Growth, volume 63, no 3, pp 429-590
(1983).

Further, over the past few yeérs, the SOI has been
largely reported as a substrate which realizes the
acceleration of a MOSFET and the low power consumption

i5 (IEEE SOI conference 1994). Since an element has an
insulating layer at its lowgr part when employing the
SOI structure, an element separation process can be
simplified as compared with forming an element on a
bulk silicon wafer so that a device process can be

20 shortened. Specifically, in addition to achieving the
higher performance, reduction of the wafer cost and the
process cost is eﬂﬁécted in total as compared with a
MOSFET or IC on bulk silicon.

Particularly, thie fully depleted (FD) MOSFET is

25 expected to achisve %ﬁé higher speed and the lower

power consumptibﬁ %ﬁ%&ﬁgb improvement in driving force.

In general, a threshold voltage (Vth) of a MOSFET is



hi gher perfornmance, reduction of the wafer cost and the process cost

IS expected in total as conpared with a MOSFET or |1 C on bul k
silicon. Particularly, the fully depleted (FD) MOSFET is 25
expected to achi eve the hi gher speed and-tRe-l ower power consunption
t hrough i nprovenent in driving force. In general, a threshold

vol tage (Vth) of a MOSFET is - 3-
determ ned by the inpurity concentration at a channel portion. On

Laver T al oo sifbsiRnedl by the iRty soneent abfen (i i snrbeei; © ho'
SO . Thus, for o“:i' P odlb%ihg:g.gtog%{l%?r Egnacahq égé%gé%tﬁge cIj.ﬂ Q)fsﬂ.tstF%Tat t he

hi gh yi el d, uni#ﬁrﬁ?ty'of cknesses has rongly
demanded. ; ot,h a I.C qgﬁgﬁggg
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device is normally formed in an epitaxial |ayer grown on a conpound

sem conduct®dr  produciwesithal @ar§dCBcate di EASrstdstduits at the
However, there is a problemthat the conpound 15 sem conductor substrate

i s expensive whiHigH g@elld, uniformtehaof cthe SSOENgHivlkaeddal Haie Heaihge area
wafer is
strongly demanded.
On the other hand, a device on a compound
semiconductor has the high performance, such as, high
10 speed and luminescence, which can not be achieved by
Si. Presently, such a device is normally formed in an
epitaxial layer grown on a compound semiconductor
substrate, such as a_GaAs substrate.
However, there is a problem that the compound
15 semiconductor substrate is expensive while low in
mechanical strength so that the large area wafer is
difficult to be produced.
Under these circumstances, an attempt has been
made to achieve the heteroepitaxial growth of a
20 compound semiconductor on an Si wafer which is
inexpensive and high in mechanical strength so that the
large area wafer can be produced.
Referring back to the SOI, the researches on
formation of the S80I substrates have been active since
25 the 1970s. 1In ths béﬁinning, the researches were well
performed in conngction with the S0S (sapphire on

silicon) method which achieves the heteroepitaxial



difficult to be produced. Under these circunstances, an attenpt

has been made to achieve the heteroepitaxial growh of a 20
conmpound sem conductor on an Si wafer which is i nexpensi ve and hi gh
i n mechani cal strength so that the - harge area wafer can be produced.
Referring back to the SO, the researches on formati on of the SO
substrates have been active since 25 the 1970s. In the beginning, the
researches were wel |l performed in connection with the SOS (sapphire
on silicon) nethod which achi eves the heteroepitaxial

- 4- giERthopLs phgpdeceygehnl ssiliern oin & aaRphire

substrate being an insulator, the FlPOS (fU||%k? | sol_ati on by porous
oxi di zed silicofMbstRde RAiLRE an insulabeg, (the FFPAF (fld¥e by diel ectric

o e gt ot s b Rl PR o B B Tayer 15
the i sl and shapdEREoSGR ERE BRBRGRATSrY bt SHreish T 0 CL50 kheedha
ol 00 A SO el 1, S e T O LM e
substrate is implantation method.

In the FIPOS method, an n-type Si layer is formed
on a surface of a p-type Si single-crystal substrate in
the island shape through the proton ion implantation

10 {Imaji and collaborator, J. Crystal Growth, vol 63, 547
(1983)) or through the epitaxial growth and the
patterning, then only the p-type Si substrate is
rendered porous s0 as to surround the Si island from
the surface by means of the anodizing method in a HF

15 solution, and thereafter the n-type Si island is
dielectric-isolated through accelerating oxidation. In
this method, there is a problem that the isolated Si
region is determined in advance of the device process
so that the degree of freedom of device designing is

20 limited.

The oxygen ion implantation method is a method
called SIMOX first reported by K. Izumi. After
implanting about 107 to 10'®/cm? of oxygen ions into an
Si wafer, the ion-ifiplanted Si wafer is annealed at the

25 high temperature of about 1,320°C in the atmosphere of
argon/oxygen. ké a fésult, oxygen ions implanted with

respect to a depth corresponding to a projection range



rendered porous so as to surround the Si island from t he surface by
nmeans of the anodizing nmethod in a HF 15 solution, and thereafter the
n-type Si island is dielectric-isolated through accel erating
oxidation. In this method, there tsba-problemthat the isolated S
region is determ ned in advance of the device process so that the
degree of freedom of device designing is 20 limted. The
oxygen ion inplantation nethod is a method called SIMOX first

reported by K Izum Iantlng about 10Q[err], to
10[err]/cnferr] (§P) o?§géﬂn bﬂgl??ﬁﬁFig% are °Q§ qmﬂ%g% St 5O SPrBfant ed

Si - waf al ed at _the 25 f about 1,320 C
the.at nospher ¢ & Forh a af{,bﬁ?wgﬂ%e“’%y%p R HERER: Prpl ant od |
i th t

5. res%p;hswq SRR S*?%%“%%f’l’%%%%‘@%ﬁ Bt Hie) 20,

to form a silicggay ggrkmr £ Pl NP1 RG50be dayer auesiddl GAR | ayer

whi ch has been anDrp ous at an upper portion of the silicon

oxi de |ayers duegk9gbiesondimpPAyELR dPNid DI RN tal 131:3@ LBChYsta! | i zed
So as to be a single-crystal silicon |ayer. Conventionally,

there have beenba hokiffleetegstal nedlittesh iTayidi® Conventlibn@Qyl, ayer on
the surface, that is, about 10[err]/cnferr].

there have been a lot of defects included in the
silicon layer on the surface, that is, about 10%°/cm’.
On the other hand, by setting an implantation amount of

10 oxygen to about 4x10'7/cm?, defects are successfully
reduced to about 10%/cm?. However, since the ranges of
implantation energy and implantation amount for
maintaining the quality of the silicon oxide layer, the
crystalline property of the surface silicon layer and

15 the like are so narrow that thicknesses of the surface
silicon layer and the buried silicon oxide (BOX: buried
oxide) layer were limited to particular values. For
achieving a desired thickness of the surface silicon
layer, it was necessary to perform sacrificial

20 oxidation and epitaxial growth. In this case, there is
a problem that, since the degradation caused through
these processes is superposed on the distribution of
thicknesses, the thickness uniformity is deteriorated.

It has been reported that a formation failure

25 region of silicon oxide called a pipe exists in the BOX

layer. As one cau$e Of this, the foreign matter upon

implantation, such as dust, is considered. 1In the



On the other hand, by setting an inplantation anount of 10 oxygen to

about 4x10[err]/cnferr], defects are successfully reduced to about
10[err]/cnferr]. However, since the ranges of i npl ant ati on energy
and i npl antation anount for mai nt ai i Ag the quality of the silicon
oxi de layer, the crystalline property of the surface silicon |ayer
and 15 the like are so narrow that thicknesses of the surface

silicon layer and the buried silicon oxide (BOX: buried oxi de) | ayer
were |imted to particul ar val ues. achieving a desired thlckness

of the surface POrtioR where tPﬁyB?‘Pe ‘F"Wégsne%sdaﬁ‘? J&rﬁé:rlf’(?rﬁ’lf the

sacrificial oxi dati on. and t axi al there is
a problen1that d?WﬁE& Fﬁ ra&a?ﬁﬂﬁggﬁnlﬁd%§% 4Lﬂﬁ?l¥° Te: kt%@%@ flocesses
i s superposed on_the dISt i butio t hi.cknesses, the thlckness
unifornmity is d&Pefcd é apk' 8Ra°k Sup??r?1%¥9#%:ﬁa%éported that a

formation fallure Zﬁurxgggglggngé §ﬁ+ fﬁg'(mﬁﬁghﬁgﬁléﬂjfi e §ﬁb§ts I n

t he BOX ohe cause orelrgn matter upon

i mpl ant ati gn, SH%h1§§gQU§h i %l&ﬁ@ﬁtf@ﬁeihodﬂktigacompared with t e
- 6- portion-where the pipe exists, the detéerioration t he

devi ce charact egbst uﬁpnangaa%atgﬂ Hhe dairdly RiniRhductor p&&c@@tsl ve
| ayer and a support substrate. Further, since the ion
i npl antati on i nitpeabkdEXon time is long even after the apparatus to
be used exclusively for that matter has been developed.
The ion implantation is performed by raster-scanning an
10 ion beam of a given current amount or expanding the
beam so that increment of the implantation time is
predicted following increment in area of the wafer.
Further, in the high temperature heat treatment of the
large-area wafer, it has been pointed out that a
15 problem of occurrence of slip due to the temperature
distribution in the wafer becomes severer. In the
SIMOX, the heat treatment is essential at the high
temperature, that is, 1,320°C, which is not normally
used in the silicon semiconductor process, so that
20 there has been concern that this problem including the
development of the'apparatus becomes more significant.
On the other hand, apart from the foregoing
conventional SOI forming method, attention has been
recently given.to the method which forms the SOI
25 structure by sticking an Si single-crystal substrate to
a thermal-oxidizéa si single~crystal substrate through

the heat treatment or using adhesives. In this method,



5 Is large in inplantati on anount as conpared with the I on

I nplantation in the ordinary sem conductor process, I npl ant ati on
time is long even after the apparatus to be used exclusively for
that matter has been devel oped. The 7an inplantation is perforned by
raster-scanning an 10 i on beam of a given current anmount or expandi ng

t he beam so that increnent of the inplantation tine is

predicted followi ng increnent in area of the wafer. Further, in the
hi gh tenperature heat treatment of the | arge-area wafer, it has been
poi nted out thatih isimnecegsanvedicofostcany astévef lavep e the tdRvice

t enperat ure distribution in the wafer beconmes severer. In the

SIMOX, the heat %Qﬁguﬁm#ﬂlﬁ%9%§§éﬁklaﬁP&Plﬁﬁﬁaﬁigh it 1is NYGRRRATY R, t hat
is, 1,320[err]C, _which is, not nor in the silicon

seni conduct or pri¥ER SN & HRILes G’rys){"?l]reﬁgbﬁ%aﬁﬁeﬂfc%n%??“i?%? i s
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to the nmethod whic Structur e ng an
si ngl e-crystal &gégt ction %stgg&gghSOX|d|zed Si S|ngle crystal
substrate throug lIheat treatment or using adhesives. In this
net hod, 1. Thickness reduction through pdiishing;

2, Thickness reduction through local plasma etching;

3. Thickness reduction through selective etching.

10 In the polishing of 1, the uniform thickness
reduction is difficult. Particularly, in case of
thickness reduction fo submicrons, the irregularity
amounts to as much as tens of percents so that
uniformalization is a big problem. If the size of

15 wafer is further enlarged, the difficulty is increased
correspondingly.

In the method of 2, after reducing the thickness
to about 1 to 3um through the polishing of 1, the
thickness distribution is measured at many points.

20 Thereafter, by scanning the plasma using the SF6 of a
diameter of several millimeters based on the thickness
distribution, etching is performed while correcting the
thickness distribution, so as to reduce the thickness
to a given value. In this method, it has been reported

25 that the thickness distribution can be within the range
of about +10nm. ﬁﬁﬁévér, if the foreign matter

(particles) exists on the substrate upon plasma



It is necessary to forman active |layer for the device into a

uniformfilm Specifically, it is necessary to forman S
single-crystal substrate of a thickness of as nmuch as hundreds of
mcrons into a filmof several 5 m croB8s-or |less. There are three
ki nds of nethods for t hi ckness reduction as foll ows: 1.

Thi ckness reduction through pollshlng 2. Thi ckness reduction

t hrough | ocal pl asma etching ) Thi ckness reduction through

sel ective etchin
reduction is di fe%qcémqg, wher fogrpapnyma
to submcrons, the irreqularity to as nuch as tens of
percents so thatthat pro l?ﬁtF'S’PﬁaPF?af‘PBﬂggsmé Y}?%) %fsllfb

¥&H® 1 f the size of
15 f f h | d i ff |t
corre!ﬁoﬁglhzlygrt “sine’che ﬁufﬁgcgefﬁgﬁg%g ]m%ﬁ4%§é%l§hﬁﬁﬁﬁf e

thi ckness tid it Outtoﬁcho SEB%. é%&&%éﬁy%éﬁ Lo eajtlohhe

In the Eollshlng of 1, the uniformthickness
HeEeerks as an etqhing, &8sk &uct i on

t hi ckness di stributl i s eash ny poir nts ter
scanni ng the pl %sfmi:h‘és Qsmgee§5ﬁlﬂé a Thedpolijé I} mRntSayer al
mllinmeters based on t t hi ckness stribution, etching is

per f or med “h'lecﬁﬂﬁﬁ%ﬁhbﬁgbhgﬁd on thetﬁiﬁéfﬁﬁﬁhégﬁéﬂﬁt“&dd”heﬁﬁé aghle0
reduce the thickness to a given value. In this nmethod, it has been
reported 25  diball tfhen! RhekRBEEsUEEhEIOUtARD 1Rl d@céMltdﬁartthe offange
of about 10nm However, if the foreign matter (particles) exists on

t he substrate udimplthdmkness distribution due to polishing have been
pointed out. Further, in the polishing, abrasives such
10 as colloidal silica directly rub the surface working as
an active layer so that there has been concern about
formation of a fracture layer due to polishing and
introduction of processing distortion. Further, if the
wafer is increased in area to a large extent, since the
15 plasma etching time is increased in proportion to
increment of the wafer area, there is concern about
extreme reduction of the throughput.
In the method of 3, a film structure capable of
selective etching is formed in advance in a substrate
20 to be formed into a film. For example, a p*-Si thin
layer containing boron in the concentration no less
than 10**/cm® and a p"-Si thin layer are formed on a p’
substrate using the method of, for example, the
epitaxial growth s0 as to form a first substrate. The
25 first substrate is bonded with a second substrate via
an insulating layer such as an oxide film, and then the

underside of the first substrate is ground or polished



- 8- etching, the foreign matter works as an etching nmask so

that projections are fornmed on the substrate. Si nce the surface
is rough i Mmedi ately after the etching, touch polishing is necessary
after conpletion 5 of the plasna etchifig- The polishing anobunt is
controll ed based on the tinme managenent, and hence, the final film

t hi ckness control and the deterioration of filmthickness

di stribution due to polishing have been poi nted out. Further, in the

l'i shing, abrasi h 10 | | oi dal,  sjl.i di t | b th
Surf ace wor ki ng 185 54vance §3 a8 FAeredRs Wb VHARIARS-e [RSThEENSEoncer n
about . formation of a fracture Jayer d etho okig@&g g@%%.
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I ncreased in proportion I ncrenment ~o 'S

concern about thg fFFéE%EGE é@@ﬂfﬁécﬁkc%héiﬁﬁ §848¥9hRYt a5 to achieve !N

the nethod of 3 _ m structure capable o sel ective etching is
formed in advanggel Bo? subabtate. 2fhis Mty f1 MRdiNed anf ich@  For

exanple, a p[err]-Si thin | ayer containing boron in the
concentrati on neepbe®s of Maszhbha&nh 10[err]/cnferr] and a p-Si thin |ayer are
formed on a p- substrate using the nmethod of, for exanple, the

epitaxial growth so aithougbrtha $elettiwbsitaiting He sadd to ber st
substrate is bonded wth a second substrate via
effective for uniform thickness reduction, it has the
following problems:
10 The ratio of etching selectively is 10° at most,
which is not sufficient.

Since the surface property after etching is bad,
the touch polishing is required after etching.

However, as the result thereof, the film thickness is

15 reduced and the thickness uniformity tends to be
deteriorated. Particularly, although the polish amount
is managed based on time, since dispersion of the
polish speed is large, the control of the polish amount
is difficult. Thus, it becomes a problem particularly

20 in forming an extremely thin SOI layer of, for example,
100nm.

The crystalline property is bad because of using
the ion implantation, the epitaxial growth or the
heteroepitaxial growth on the high-concentration B dope

25 Si layer.
The surface property of a surface to be bonded

with is inferior to the normal silicon wafer (C.



an insulating |ayer such as an oxide film and then the under si de of
the first substrate is ground or polished

- 9- in advance so as to reduce in thickness. Thereafter,

the p[err] layer is exposed through the sel@ctive etching of t he
p[err] layer and further the p[err] |layer is exposed through t he
sel ective etching of the p[err] layer, so as to achieve 5 the SO
structure. This nmethod is detailed in the report of Maszara.

Al t hough the sel ective etchi e far uniform

i i to b ffecti
t hi ckness reductidherdt, gis tgﬁrel'sfalE eF%I'Iﬁ?\F?\ﬁ' pYbi egeé: IZV%O (1991), The
ti f etchi | ti | i 102 i i t
Lot Perent: O "5 Balhiagt, Y ot? | 312 “babgided abetradt i A& e ¢ pag
the t h [ i i i , i hj R th
e {EUER Dol S Al S BT b Wiy pngind 1T 2, .
ni formity tendygaihe c.p. muel CEkSaahed: ABSEHSUI ¥ labs algough the

pol i sh amount s nanaged based on time, since dispersion of the
pol i sh speef is JAldRatiBRatoBYMBbs2lmt WQféﬁrBéﬁﬁ%ﬁy, pp-696 ! S
y

difficult. Thus, it becones a problem particul arl in formng an
extrenmely thin 3Qogdigyer elrther, exB8ps€lectivity IPHBlective etching
largely depends a difference in concentration of
impurities such as boron and sharpness of the profile
in the depth direction. Accordingly, if the high-

10 temperature bonding annealing for increasing the
bonding strength or the high-temperature epitaxial
growth for improving the drystalline property is
performed, the depth direction distribution of the
impurity concentration expands so that the selectivity

15 of etching is deteriorated. That is, it is difficult
to improve both the ratio of etching selectively and
the crystalline property or the bonding strength.

Recently, in view of the foregoing problems,
Yonehara and collaborators have reported the bonded SOI

20 which is excellent in thickness uniformity and
crystalline property and capable of batch processing.
Brief explanation about this will be given using Figs.
6A to 6E. In this method, a porous layer 62 formed on
an Si substrate 61 is used as a material for selective

25 etching (Fig. 6A). After epitaxial-growing a non-
porous single-crystal Si layer 63 on the porous layer

62 (Fig. 6B), the three-layer composite is bonded with



The crystalline property is bad because of using the ion

I npl antation, the epitaxial growth or the het eroepi taxial growth on
t he hi gh-concentration B dope 25 Si | ayer. The surface
property of a surface to be bonded - Wth is inferior to the norma
silicon wafer (C - 10-

Harendt, et. al., J. Elect. Mater. Vol. 20, 267 (1991), H Baunygart,
et. al., Extended Abstract of ECS 1st I nt ernati onal Synposi um of

Waf er Bondi ng, pp-733 81991 C.E. Hunt, Extended Abstract of ECS
1st 5 | nt erfh AUPHOATt SRESEALRM 64 vwth%mWe%p'iJagl@wr 63 (1991)).

Further, the selectivity of selective etchlng ) ‘§%9§6¥ dqpends a

difference in cdicdht P%ironTHe S1 substrate; ¢1 eks JRIP

shar pness of the_ profi th d|re tion, co dlngl if the

high- 10 te begﬁﬁﬁgﬁﬁa 8ﬁn%§?|ﬂbg of *PMct %EH e as bondi ng

strength or the h| at xial o1y I ng the
9 % %ﬁp%h 50%08§0§§ éﬁ' +} ove h reC Iontgpé?F] g

crystalllne property Sbut i on

of "t he TRy t»fhgoggsa%hat b8PoREPaN T, Sy tﬁﬁ?‘;&e ARl Vity 15

of etching |s d riorate S, It 1s di 0 i nprove

both the ratio eecglichi 43158 scgéxs&madetchmg RG] Y Shitlel 12 REBPET Y

or the bondi ng strength
or HF+H,0, (Fig. 6E). At this time, since the ratio of

etching selectively porous Si relative to bulk Si (non-
porous single-crystal silicon) can be set fully high,

10 that is, 100,000 times, the non-porous single—crystai
silicon layer grown on the porous layer in advance can
be left on the support substrate without being hardly
reduced in thickness, so as to form the SOI substrate.
Accordingly, the thickness uniformity of the SOI is

15 substantially determined during the epitaxial growth.
Since a CVD apparatus used in the normal semiconductor
process can be used for the epitaxial growth, according
to the report of Sato and collaborator, the thickness
uniformity is realized, for example, within 100nm * 2%.

20 Further, the crystalline property of the epitaxial
silicon layer is also excellent and has been reported
to be 3.5x10%/cm?.

In the conventional method, since the selectivity

of etching depends on the difference in impurity

25 concentration and tha depth direction profile, the
temperature of the Heat treatment (bonding, epitaxial

growth, oxidation or the like) which expands the



Recently, in view of the foregoing problens, Yonehara and
col | aborators have reported the bonded SO 20 which is excellent in

t hi ckness uniformty and crystalline property and capable of batch
processi ng. Brief explanation aboutl2his will be given using Figs.
6A to 6E. In this nethod, a porous |layer 62 forned on an Si
substrate 61 is used as a material for selective 25 etching (Fig. 6A).
After epitaxial-growing a non- porous single-crystal Si |ayer 63 on
&PShporous layeroncentra%lgn gls@%&buéi‘nt éfiﬁégaﬂ§'f¥mﬂ%%ﬁ'%§ ;Epggpged

substrate 64 y'%P§28x9§5?%i§dn§'hi§ﬂ§§ n 800°C. (FbH- tRE) otHEE

substrate 61 is uce hi"ck rough grinding or t e 1|ke

fromthe under siigtegﬁg agﬁgling ﬁft&mfépfﬁ’éﬁﬁ@e PHYISnd 32 ralrbnekeint he

substrate (Fig e exposed porous Si 62 is renoved through

et ching using as%‘ih%“thkéebékﬁééﬁgp&i-&h% tand WSl 12 e tédmines theOr
HF+H err]err] (Fig. 6E). his time, since the ratio of et chi ng

sel ectivel y por @¢ehdhg! ebataaveth@ DubhktSiidWE the heatpareatment
single-crystal silicon) can be set fully high, 10 that is, 100,000

ti mes, the non- pemperatsupgl €scsyalnl It has Sderc aregoyted gbaWntha t he
porous | ayer in advance can be left on the support substrate w thout
bei ng hardly heat tzdatmdntnathabewesk, 18 Cad st popsibiehe BOF substrate.
example, it is known that the heat treatment after
bonding enhances the bonding strength between the

10 wafers and reduces tﬁe number and size of voids
generated at the bonded interface. Further, in the
etching based on such a structural difference, the
particles, even if adhered on porous silicon, do not
affect the thickness uniformity.

15 On the other hand, in general, on a light
transmittable substrate, typically glass, the deposited
thin Si layer only becomes amorphous or polycrystalline
at best, reflecting disorderliness in crystal structure
of the substrate, so that the high-performance device

20 can not be produced. This is due to the crystal
structure of the substrate being amorphous, and thus an
excellent single-orystal layer can not be achieved even
by merely depositing the Si layer.

However, the semiconductor substrate obtained

25 through bonding nérmally requires two wafers one of

which is removed wastefully for the most part through

polishing, etching or the like, so that the finite



Accordingly, the thickness uniformty of the SO is 15 substantial ly
determ ned during the epitaxial growth. Si nce a CVD apparat us used
in the normal sem conduct or process can be used for the epitaxial
growt h, according to the report of IShto and col | aborator, the

t hi ckness uniformty is realized, for exanple, within 100nm 2% 20
Further, the crystalline property of the epitaxial silicon layer is
al so excell ent and has been reported to be 3.5x10[err]/cnferr].

In the conventional nethod, since the selectivity of etching depends
on the differend®SPNTPRBuUPTEt Yheogarth xR HRFER9on and the depth direction

profile, the enper.ature of the heat treatnent ondi ng, epitaxial
growt h, oxidation or%Fﬁ TALRELY ot R Wt e HiPna neeh3d,' The

épé?o;inately ng%ﬁgéﬁg%b?hgggBg%f%éé%ﬁgéégyééﬁJ%ﬁéﬁg¥%5#%¥hﬁng9iFX'the
et chi ng of thisuggkggﬂitgggﬁ eéggpgm{égyence I n structure between

porous and bul k termn etching speed, the limtation of the

heat treat ment A hggﬁgaaigrﬁi%ﬁbgggjin Jdpdinsdeitangported that the
heat treatnent at about 1,180[err]C is possible. For exanple, it is

known that the heahibb@abAERb. a71@45441 for il mdecEsrshe bondi ng
strength between the
substrate which is wasted in such a bonding method.
In this method, the following method is adopted,
in the foregoing bonding and etch-back method using the

10 porous Si, instead of the step for reducing in
thickness the first substrate through grinding, etching
or the like from the underside so as to expose the
porous Si. This will be explained using Figs. 7A to
7E.

15 After forming porous a surface layer 72 of an Si
substrate 71 (Fig. 7A), a single-crystal Si layer 73 is
formed thereon (Fig. 7B). Then, the single-crystal Si
layer 73 along with the Si substrate 71 is bonded to a
main surface of another Si substrate 74, working as a

20 support substrate, via an insulating layer therebetween
(Fig. 7C). Thereafter, the bonded wafers are separated
at the porous layer 72 and the porous Si layer 72
exposed on the surface at the side of the Si substrate
74 is selectively removed so that the SOI substrate is

25 formed. Separation of the bonded wafers is performed,
for example, a method selected from the following

methods that the tensile force or pressure is



10 wafers and reduces the nunber and size of voids generated at

the bonded interface. Further, in the et chi ng based on such a
structural difference, the particles, even if adhered on porous
silicon, do not affect the thickness4duniformty. 15 On the
ot her hand, in general, on a |ight transm ttabl e substrate,
typically glass, the deposited thin Si |ayer only becones anorphous
or polycrystalline at best, reflecting disorderliness in crystal

structure of the substrate, so that the_high-perfornmance device 20
can not be prodfEFICIAREY §P@&éeﬁotPhEh€r9§?§?d warersgtyycture of the

bstrate b t I
Chyer can not | DESHATSGE lagdy relatiVe, tosthey i %‘%i%g@&f@%xyn} der
Ho th bt b d_ 25 th
nor b1y 1 oqui r ARt ey D1gRe" o FRat the ive ineray MEHIRSANG 10
the nmost part tQﬁR&%@onlc wavgokbsgbﬁglegtcghgg ﬁﬁftﬁg¥édé“ia t@gt the

finite resour ces of

the earth aje wWagiRfled at the wafefCERAULRBENzesN {hE SORMANIdonal nethod,
t he bonded "SO has vari ous probl ens about controllability,

llinjt f 0: mty and g &€ some extent,AafBlWREtI Bs PLOROSEGrddbr) MRS e
e is inserted thereinto; that the porous layer is exposed
at the wafer end surfaces and a liquid such as water is
impregnated into the porous Si, and the whole bonded
10 wafers are heated or cooled so as to expand the liquid.
Alternatively, separation is performed by applying the
force to the Si substrate 71 in parallel to the support
substrate 74.
Each of these methods is based on the fact that,
15 although the mechanical strength of the porous Si layer
72 differs depending on the porosity, it is considered
to be much weaker than the bulk Si. For example, if
the porosity is 50%, the mechanical strength can be
considered to be half the bulk. Specifically, when a
20 compressive, tensile or shear force is applied to the
bonded wafers, the porous Si layer is first ruptured.
As the porosity is increased, the porous layer can be
ruptured with a weaker force.
However, if the porosity of porous silicon is
25 increased, it is possible that distortion is introduced
due to the ratio of bulk silicon relative to the

lattice constant being increased so as to increase



Application No. 7-045441 for recycling the first substrate which is

wasted in such a bondi ng net hod. In this nmethod, the follow ng
met hod i s adopt ed, in the foregoing bondi ng and et ch-back net hod
using the 10 porous Si, instead of the $bep for reducing in

t hi ckness the first substrate through grinding, etching or the like
fromthe underside so as to expose the porous Si. This wll be
expl ai ned using Figs. 7A to After form ng porous a

surface layer 72 of an Si

b t t 71 7A t al
Si layer 73 is warpagq &%td‘et I’f@fi?é’ns(é% e ‘(‘ﬂfg )f'n%f]s “r‘?gf?%ec(r:;/)s/tsaiﬁj1 Si
| ayer 73 along %Ea %Q§&_ %d71thg§gogdeghéo ber 5|surface
S

of anot her worklng as a Suppor bs% V|a an

i nsul ati ng Iayer Ké}&g“%é%%ﬂ}e gglonnggl ngvo gefggiﬁﬁé poro‘gﬁgg | ayer

wafers are separate por ous ayer

72 expos %ﬂhﬁ(ﬁ‘s Otﬁ*%]fcﬁ%t%ﬁ El%%eé‘tdﬁeﬁél{:{? &Sy ﬁé&bé%ééé Snd 74

is selectively renove at “the SO substrate Ts

Separ ation 9f t hg bandedhMaf ke, s Rakkar ged, mtroducé@rl&wn@{@ a net hod
selected fromthe foll ow ng nmet hods that the tensile force or

pressure is epitaxial layer, and slip lines are infidoduced on the
sufficiently applied to the bonded wafers
periphery of the wafer due to influence of thermal
distortion upon the epitaxial growth.
When applying the force in the wvertical or

10 horizontal direction relative to the surface of the
wafer, since the semiconductor substrate is not a fully
rigid body but an elastic body, the wafer may be
subjected to elastic deformation depending on a
supporting fashion of the wafer so that the force

15 escapes and thus is not applied to the porous layer
effectively. Similarly, when inserting what is like a
razor blade from the wafer end surface, unless the
razor blade is fully thin and fully high in rigidity,
the yield may be lowered.

20 Further, if the bonding strength at the bonded
interface is weaker as compared with the strength of
the porous Si layer or if weak portions exist locally,
the two wafers may be separated at the bonded interface
so that the initial object can not be achieved.

25 Further, since, in any of the methods, the
position where sé&paration occurs in the porous layer is

not fixed, if the ratio in etching speed between the



perpendicularly relative to the in-plane and uniformy over the

I n-pl ane; that the wave energy such as the ul trasonic wave is
applied; that the porous |ayer is 5 exposed at the wafer end surfaces,
the porous Si is etched to sone ext¥nhts and what is |like a razor

bl ade Is inserted thereinto; that the porous |ayer is exposed

at the wafer end surfaces and a liquid such as water is | mpr egnat ed
into the porous Si, and the whol e bonded 10 wafers are heated or cool ed

so as to expand the | iquid t rnatlvely r t|o |s per f or med
by appl yi ng t he POTOUS % ofRg H}et}ﬁ‘éﬂéi §§u’b§t °A; suﬁﬁicﬁi glar’alqi to the

fﬁgpﬁézt t hat , %%§§%%i%§h;§lhc?ﬁelﬁ% a%?EEf reﬁﬁﬁﬁ?ngﬁkﬂeqﬁoroﬁg% °d on

| ayer 72 oflig fo&%&and@aetle' eﬁeoaow@s ppéféf t¥emdind strﬁqwa% gd

to be nuch weaker than t he bul . For exanple, if the porosity is
50% the mechanitgah tr angbbt@aﬁ hsere the msﬂetra%xt i@ fenibe . bul k.
Specifically, when a 20 conpressive, tensile or shear force is applled
to the 5 bomted, waher $hitkReHor asSinl By adf ithd iSO layeirUmag. be As
the porosity is increased, the porous |ayer can be ruptured with a
weaker force. deteriorateliowepartitcihilahky postesi ttheoffipmlodhiskhnesen is 25
increased, it is possible that distortion is introduced due to the

rati o of bul k sidfi ¢be BELalayertbstiheduced td ahdute 1&Hma, arthebei ng

i ncreased so as to increase
thickness uniformity is deteriorated so that a problem

may be raised when forming the element such as the
10 fully depleted MOSFET whose threshold voltage is
sensitive to the film thickness.

Japanese Patent Application No. 5-211128
(corresponding to United States Patent No. 5,374,564)
discloses a method for producing the SOI. In this

15 method, hydrogen ions are directly implanted into a
single-~-crystal Si substrate, and then the single-
crystal Si substrate and a support substrate are bonded
together. Finally, the single-crystal Si substrate is
separated at a layer where hydrogen ions are implanted,

20 so as to form the SOI. In this method, since hydrogen
ions are directly implanted into the single-crystal Si
substrate which is then separated at the ion-implanted
layer, the flatness property of the SOI layer is not
good. Further, the thickness of the SOI layer is

25 determined by the projection range, so that the degree
of freedom of the thickness is low. Further, it is

necessary to select an implanting condition satisfying



- 15 - war page of the wafer. As a result, the follow ng

probl ens may be raised, that is, the nunber of void bondi ng failure
regions called void is increased upon bondi ng, the crystal defect
density is increased and, 5 in the wii’st~ case, cracks are introduced
into the epitaxial layer, and slip lines are introduced on the

peri phery of the wafer due to influence of thernmal di stortion upon
t he epitaxial grow h. When applying the force in the vertica

10 hor i t di ti | at | to th f f .t.h . f

O ot oL OB Bt S5k P, BB, Uy S RSLANR, ypgon, V21T
| astic body, t \ ' t I i.c_def, '

cLastic body, 1hsotels! s Ry cheeuspy o U ShL SiAShEol RO

escapes and thug 5iﬁ95ﬁ39%§§9359?§€§a g&{ﬁk‘slaly%\&erthe thickBbEEChlVel Y-

Simlarly, when inserti S razor bl ade fromthe wafer

end surface, unl@3ent Ben not be! 86BErklade i did lubol Hnp1aRtatibhy Bkoh in
rigidity, the yield nay be | owered. 20 urther, if the

bondi ng st engt hsahebBeshoRded carry cwbi£rdalifing Weakessagnconpared with
the strength of the porous Si layer or if weak portions exist
| ocal |y, thhekhepswateh sasayrhed fapaaral ectoiiini)e whdatie droneesf ace
so that the initial object can not be achieved. 25 Further, since,
in any of the neéshodaseléetive, s@othat ctheseeries sefaeat odn occurs in the
porous | ayer is

deteriorating the thickness uniformity.

In view of the foregoing, the method has been

10 demanded for producing, with high reproducibility, the
SOI substrate which is high in quality and whose SOI
layer has the excellent flatness property, and
simultaneously for achieving resources saving and
reduction in cost through recycling of the wafer.

15 On the other hand, in general, on a light
transmittable substrate, typically glass, the deposited
thin Si layer only becomes amorphous or polycrystalline
at best, reflecting disorderliness in crystal structure
of the substrate, so that the high-performance device

20 can not be produced. This is due to the crystal
structure of the substrate being amorphous, and thus an
excellent single-crystal layer can not be achieved even
by merely depositing the Si layer.

The light transmittable substrate is important for

25 constituting a contact sensor as being a light-

receiving element or a projection-type liquid-crystal

image display device. For achieving further



not ffxéd, If the ratio in etching speed between the

- 16 - porous Si and the bulk Si is not sufficient, the

epitaxial silicon layer is first etched nore or |ess at a portion
where the porous |ayer remains thin ratherl8 - than at a portion where

t he porous |ayer remains thick. 5 Thus, the thickness uniformty of the
SO | ayer nmay be deteriorated. Particularly, when the final

t hi ckness of the SO layer is reduced to about 100nn1 t he

thickness uniformty is deteriorated so that a % may be raised
when forning t hdenshigaatdam fariher pdgh r’FﬁPEV ﬂ@’ﬁl%’t‘%df whose

threshold voltage is sensitiv t hickn
Japanese Patent ﬁ&ﬁﬁ?%§ﬁ|Qﬁ1Hﬁ9tu§eZ if?gn%s of kg%o??%gpon N5 0 Unit ed

St at es Pat ent No 15d s?ﬁgé{ﬁ&ﬁé%%dr c‘f&?n gclpgg%g ﬁaHE%héin{rQrePéx{? iﬂg t he

SA. In this ns-are II’E,‘C | anted 1nto a

singl e-crystal %&@i% d At &g %n‘}efstm the §§naleeessary toczsyéa@é Sihe
uppor

substrate and a s 'substrate are’bonde together. Finally, the
single-crysgal Siy dé&&?é 'S &HeS 1ight trafRaidkagdlat sabkeyete Whelmy hyr ogen

lons are |nplant SO as to formthe SO. In this nmethod, since
hydr ogen ORP1 & Syl t=actyl drﬁhh&ﬂhgdthatexbbe1snngteystgmarﬂefa
substrate which |s then separated at the ion-inplanted

property.

Further, when using the single-crystal layer,
reduction in size and acceleration of a chip can be
10 achieved by incorporating a peripheral circuit for
driving the picture elements and an image processing
circuit into the same substrate having the picture
elements.
Specifically, in case of amorphous Si or
15 polycrystalline Si, it is difficult, due to its
defective crystal structure, to produce the drive
element having the performance which is required or
will be required in the future.
On the other'hand, for producing the device of the
20 compound semiconductor, the substrate of the compound
semiconductor is essential. However, the compound
semiconductor substrate is expensive and further is
very difficult to be increased in area to a large
extent.
25 Further, an attempt has been made to achieve the
epitaxial growth of the compound semiconductor such as

GaAs on the Si substrate. However, due to difference



Ia&er,_fhe fl atness property of the SO I|ayer is not good. Furt her,

the thickness of the SO layer is 25 determ ned by the projection

range, so that the degree of freedom of the thickness is |ow.

Further, it is necessary to sel ect B Tnplanting condition

sati sfying - 17 - bot h of

the layer thickness and the separation, which creates a difficulty

in the control. Further, in case of aimng at obtaining a thin |ayer

t he thi ckness of, . whi ch can_not determ ned by the J .

i npl antation, it ®ttice gons QngOFOQ§3F?§fO %p%.?%%hmﬁ?ﬁféﬁki§§§§ in

t hi ckness such rindi ng..and .et ching. ' i

nonsel ecti ve, so%f%aqrci%le%eﬂﬁls 1% ﬁgg? %Pm£§gtgig£§éers?%?%?ﬁt% atﬁ-ﬁie 1;thﬁllsckness

uniformty. 1 A of 4t 1Ngs thE &g has been 10
very ditaiepte o, 38 SBREISN

i
demanded for pro&ﬁC|n_, t he SO substrate
whi ch is high in qualgfyand WiosetSibt has bebAYVfiadago tdunhaxke!drnt

fl at ness property, an si mul t aneously for achi eving resources saving
and g edUCdd Oras i IC Qlowit @¥gRheeeyrbblgd Ofeiibeon@ictor ckb on
t he other hand, in general, on a |ight transm ttabl e substrate,

typi cal ly gl ass,péddmglepoddrededucing mhsfiiSi ofayattbody Bémwawsc arbrephous
or polycrystalline at best, reflecting disorderliness in crystal
structure to low thermostability and aged deterioration of porous

Si, the stability and the reliability are poor as the
substrate during or after production of the device.

10 However, there is a problem that the compound
semiconductor substrate is expensive and low in
mechanical strength so that the large-area wafer is
difficult to be produced.

In view of the foregoing, an attempt has been made

15 to achieve the heteroepitaxial growth of the compound
semiconductor on the Si wafer which is inexpensive and
high in mechanical strength so that the large-area
wafer can be produced.

Further, recently, attention has been given to

20 porous silicon also as a luminescent material for
photoluminescence, electroluminescence or the like, and
many research reports have been made therefor. 1In
general, the structure of porous silicon largely
differs depending on the type (p, n) and the

25 concentration of impurities contained in silicon. When
the p-type impurities are doped, the structure of

porous silicon is roughly divided into two kinds



of the substrate, so that the high-perfornmance device 20 can not be

produced. This is due to the crystal structure of the substrate
bei ng anor phous, and thus an excel l ent single-crystal |ayer can not
be achi eved even by merely depostt2@8g-the Si |ayer. The
light transmttable substrate is inportant for 25 constituting a contact
sensor as being a light- receiving el enment or a projection-type

| i qui d-crystal i mage di splay device. For achieving further

- 18 - densification, .further Rj : £S0 ' . Lur

fi neness of picq?ﬁﬁpéﬁqgnﬂﬂsgﬁﬁxhpﬁéQ§§h§88u55%§h%gﬁégﬂtﬁﬁgg%Fé%ggg%ice, t he
hi gh- per f ormance_drime ehﬁgﬁ 3l Oy resiy it is
necessary to prgeusceé/}f$ne }Enél g’ﬁeﬁ? IgﬁEtghgh%L?gmﬁ?crztgsn'sm tt;t’trjllee substrate

usi ng the £SHRGL E‘cE,Féé/Stﬁle | R vﬁaa%ngr&hee%e%égytu@{cy};é,t athdwe

urt’her, when using the single-crystal l|ayer,

property.

reduction in size apthRCEaliAl indhoetdrehitB €aPeb8l #8ns ofchi eved by
incorporating a peripheral circuit for driving the picture el enents
and an i mage prE&RSEdtrs, the Gordllidensity ibeabaut »0Bgtmhtendhabtieng the
pi cture el enent s. Specifically, in case of anorphous S
or porosity is relatively low. However, it is difficult

for this porous silicon to serve for luminescence. On
the other hand, in the latter case, as compared with
the former case, porous silicon whose pore wall is no
10 more than several nanometers in thickness, whose pore
density is greater by one figure and whose porosity
exceeds 50%, can be easily formed. Most of luminous
phenomena, such as photoluminescence, are mainly based
on the formation of porous silicon using the latter as
15 a starting material. However, the mechanical strength
is low corresponding to the largeness of porosity.
Further, since a lattice constant deviation relative to
bulk Si is as much as 10 (about 10™* in the former
case), there has been a problem that, when epitaxial-
20 growing the single-crystal silicon layer on such porous
silicon, defects are largely introduced into the
epitaxial Si layer and cracks are further introduced
thereinto. On the other hand, for utilizing the fine
porous structure, which is suitable for a luminescent
25 material, as a luminescent element, it has been desired
that the epitaxial Si layer be formed on porous silicon

for providing a contact or the MOSFET or the like as a



15 polycrystalline Si, it is difficult, due to its defective

crystal structure, to produce the drive el emrent having the

per formance which is required or will be required in the future.

On the other hand, for producing the device of the 20 conpound

sem conductor, the substrate of the conpound sem conductor is
essential. However, the conpound sem conduct or substrate is
expensive and further is very difficult to be increased in area to a
| ar ge ex . . L FULT n.at J heen, . to

achi eve the EEQ&EBF%%%igﬁrayéﬁmﬁéofg%ﬂ%ﬁéﬁﬁﬂ%un 55%?%%ﬁdggggg£ghch as
GaAs on the Si gybgtrate. However, due to difference I n

| attice constant Or thernal expansion coefficient, the growmn filmis
poor in crystalline property and thus is very difficult to be applied
to the device. Further, an attenpt has been nade to achieve the
5 epi taxi al guemhiyobrt kgrCc oRpPENDOOSeMm conduct or on porous Si for
reducing msfit of lattice. However, due to low thernostability and
aged deterisrati on offhpopegsent invé&htidhehsd adn lobjeatnctd provaldeahi ity
are poor as the substrate during or after production of the device.

10 However, tsesrieonsluatprobhbattate aimd aofponing method thereof
which can solve the foregoing wvarious problems by
superposing a finer porous structure in a porous layer.

As a result of assiduous efforts made by the
10 present inventors, the following invention has been
achieved.
Specifically, a semiconductor substrate of the
present invention is characterized by having a porous
Si layer at a surface layer of an Si substrate, and a
15 porous Si layer with large porosity existing in a
region'of the above-mentioned porous Si layer, which
region is at a specific depth from the surface of the
above-mentioned porous Si layer. In the semiconductor
substrate, a non-porous Si portion may exist on the
20 surface of the porous Si layer and an electrode may be
formed on respective surfaces of the Si substrate and
the non-porous Si layer, so that the semiconductor
substrate constitutes a luminescent element.
According to a semiconductor substrate of the
25 present invention, for example, a structure can be
easily achieved, wherein a porous layer having a fine

structure to work as a luminescent material is



sem conductor substrate is expensive and low in mechani cal strength
so that the large-area wafer is difficult to be produced.

In view of the foregoing, an attenpt has been nade 15 to achi eve the

het er oepi taxial growth of the conpound - 22 - semiconductor on the Si wafer

whi ch i s i nexpensive and hi gh in mechanical strength so that the
| ar ge- area waf er can be produced. Further, recently,
attention has been given to 20 porous silicon also as a Iuninescent
material for phot ol um nescence, electrolun1ne t he and

many research r§66ﬂW§CH§9elBe§npﬂﬁﬁ%st*ﬁX%ﬁcﬂ wing a Q%FEEH& o8 he
structure of porous S|£lcon

di ff di th
(p, n) and the S3&engtpyngRf rﬁg Eﬁ#?ﬁsl$ﬁﬁﬁ¢?|Zén@%ﬁﬁgﬁhgg Iﬁ§5||?cg¥pe

W th

si |e:100n i s rougﬁ%b5§ ggutf\%%ﬁg‘ﬁ%rghg&g@ﬂ)ug hl?aﬁzr lﬁ%t\}irnpg Qlich a por ous
- 20 - e t t

| ess than 10[ er ;?ﬁgﬂgg?{r]?tgge\rll\gfﬁgﬁstﬁg%m %fwekr rg]i/ gﬁ{ﬂgﬁﬁﬁl@{éno?hles "

former case, theopakantel b §éﬁdﬁ§éﬁihgeiﬂ idiehe 1dide porous i from
several nanoneters to several tens of 5 nanoneters, the pore density is

abogtf%O[e{[]/CﬁbgéE]haﬂdnghﬂntermedﬂ@t@Sl&vticeradnﬁﬂaﬁﬁA/dnmassHsmever it
= - can be relaxed and introduction of cracks or defects
can be suppressed. Specifically, since the luminescent
layer which is stable in structure can be formed, it is
10 not only possible to serve for formation of peripheral
circuit or wiring, but also possible to provide a
material which is excellent in long-term stability.
Further, according to a semiconductor substrate of
the present invention, an extremely thin porous layer
15 corresponding to a projection range of ion implantation
can be formed. Since the pore size of such a porous
layer can be set small, that is, no greater than
several tens of nanometers, even the small foreign
matter contained in gas and exceeding several tens of
20 nanometers in diameter can be removed. Further, a
thickness of such a porous layer can be set small, that
is, no greater than 20pm, the conductance of the gas
can be ensured. Specifically, when using it as a
filter for particles in the gas, it is possible to
25 produce a filter which can remove the particles greater
than several tens of nanometers in diameter and whose

pressure loss is small. Further, if high purity Si



for this porous silicon to serve for |um nescence. On t he ot her hand,
in the latter case, as conpared with the former case, porous silicon
whose pore wall is no 10 nore than several nanoneters in thickness,
whose pore density is greater by on®3figure and whose porosity
exceeds 50% can be easily formed. Most of | um nous phenonena, such
as phot ol um nescence, are mainly based on the formation of porous
silicon using the latter as 15 a starting material. .However, the

mechani cal S”e%ﬁ%}’t ﬁer useldS 1h0%h 0%%5&881@&, }%%éér%‘e

S
porosity. since a I Cce CO ation atl ve to

bulk Si is as mgh, ajtg[ ehhbrkd V\Egu}xolggffr#}]?ﬂ_)&{z gtf'ortﬂrﬁrﬁ{atlor;[ r{Sé:‘o(f\nase) ’

there has been a problem’t hat, I t ax gr ow ng

singl e-crystal qﬂkggqqtg§yg%sgqfsuch por ous silicon, defects are
| argely introduced into epitaxial Si |ayer and cracks are

further introduced rmhe prb@%h%'ﬂh@en@ﬂoﬁhﬁnéiﬁﬁésfﬁﬂﬁkoddaidﬁlﬂéﬁﬁoﬂg the
fine porous structure, which is suitable for a | um nescent 25

material, @ a ldAranesagabnauemert substhasebeen desired that the
epitaxial Si layer be fornmed on porous silicon for providing a
contact or the MOSFEBpeciffheallike asprmoducing method of a
- 21 - peripheral circuit be formed on the epitaxial silicon
| ayer. semiconductor substrate of the present invention
comprises a porous-~forming step for forming an Si
substrate porous and forming a porous Si layer on at
10 least a surface of the Si substrate, and a high-
porosity layer forming step for forming a porous Si
layer with large porosity in the region at the specific
depth from the porous layer in the porous Si layer.
The high-porosity layer forming step can be carried out
15 as an ion implanting step for implanting ions into the
porous Si layer with a given projection range. It is
preferable that the ions comprises at least one kind of
noble gas, hydrogen and nitrogen. It is preferable
that a non-porous layer forming step is provided for
20 forming a non-porous layer on a surface of the porous
Si layer before the ion implanting step. It is
preferable that a bonding step is provided for bonding
a support substrate on a surface of the non-porous
layer after the high-porosity layer forming step and
25 that a separating step is provided for separating the

Si substrate into two at the porous Si layer with the

large porosity after the bonding step. It is



SUMVARY OF THE I NVENTION 5 The present invention has an object to

provi de a sem conduct or substrate and a form ng net hod thereof

whi ch can sol ve the foregoi ng various probl ens by superposing a
finer porous structure in a porous |ayerT 24 - As a result of

assi duous efforts nmade by the 10 present inventors, the follow ng

I nvention has been achi eved. Specifically, a

sem conductor substrate of the present invention is characterized by
havi ng a porous s r 'éﬁ%E gty ate, and
a 15 por ous §rﬁfe?8F§mn%§¥%aF§% %%é%é%t X|5|lﬁ§|q§%farﬁ% regi on of
the above- ”Ent'%@%Q—EQEQ%ﬁn thQYQi sﬁﬁ%éihte by fﬂBéﬂ}ﬂiingttﬁeségc'f'C
depth fromthe surface of t above- nentloned por ous llayer. In

the sem conduct @ubstrate s.ubat 82tEct ol Ofe RSSrliScudlaP &fd is0kuFEUcexi st on
the 20 surface of the porous Si |ayer and an el ectrode may be

formed on respeaiet@ocsyr bgcaganinghehSi s5ubHstieeaih a diredtiennon- porous
Si layer, so that the sem conductor substrate constitutes a

| um nescents el eperipendicular to Acsorfhdy tlerect v Gy upplyisgbat rat e of
the 25 present invention, for exanple, a structure can be easily
achi eved, wher eishearpogofiortaeyte hhei$y substmate. structure to work as a

| um nescent material is - 22 -
It is preferable that the non-porous layer is made

of single-crystal Si, single-crystal Si having an
oxidized Si layer on a surface to be bonded or a

10 single-crystal compound semiconductor. It is
preferable that the support substrate is an Si
substrate, an Si substrate having an oxidized Si layer
on a surface to be bonded or a light transmittable
substrate. It is preferable that the bonding step is

15 performed by anode bonding, pressurization, heat
treatment or a combination thereof. It is preferable
that a porous Si removing step is provided, after the
separating step, for removing the porous Si layer
exposed on a surface of the support substrate and

20 exposing the non-porous layer. It is preferable that
the porous Si removing step is performed by an
electroless wet etching using at least one of
hydrofiuoric acid, a mixed liquid obtained by adding at
least one of alcohol and hydrogen peroxide water to

25 hydrofluoric acid, buffered hydrofluoric acid, and a
mixed liquid obtained by adding at least one of alcohol

and hydrogen peroxide water to buffered hydrofluoric



sandwi ched in a porous |ayer having a high nechani cal strength, such

as porous silicon fornmed on a p[err]-Si substrate. Although the
porous | ayer having such a fine structure differs frombulk Si in
lattice 5 constant, by sandwiching it 2R The |large porous Si | ayer
having internediate |lattice constant, stresses can be rel axed and

I ntroduction of cracks or defects can be suppressed. Specifically,
since the | um nescent | ayer which is stable in structure can be

formed, it is 10, nofgﬁ@%%ﬁ%%§§%$%ﬁ%zﬁﬁa e%ygéggEekgﬁgaﬁggérgg peri pher al

circuit or wirifdgt%but provi ral which is

excel l'ent in l0ngg§§éqﬁs£$pifiéé%eqﬁﬁg a surfaceUbEN®he AGAOPELEHGsIO a

seni conduct or s rate o present 1 nvention, an extrenely thin

porous |ayer 1 a¥e£0£§€é100€ﬁ’é bl A eRihiioly kage Ofti @8 i npl antation
|

can be forned. ce the pore size of such a porous | ayer can be set
smal |, that is, ;pEr@rsBi&rthdi@nthe flatteavieiilstepnsisopenfoonederg, even the
smal | foreign matter contained in gas and exceedi ng several tens of
20 nanoget er gehf gradehent can Hie reimaphere-inicieding hydrogebhi ckness
of such a porous |ayer can be set small, that I's, no greater than
20[err]m the conducraneay dbe tdmeramgped that tbhen porousshreaingpstepically,
when using it as a filter for particles in the gas, it is possible
to 25 producéoaméi poeoush$ihlayers @mhottheidest ofl Ehegféat er

t han several tens of nanoneters in dianmeter and whose pressure | oss

is smal|l. Furthenbstfaheghapdrthgt Jhe bonding step bonds two support

substrates to the porous Si layers formed on both sides

10 of the Si substrate. It may be arrange that a second
non-porous layer forming step is provided, after the
separating step, for forming a non-porous layer again
on the surface of the porous Si layer exposed on the
surface of the Si substrate, and that a second ion

15 implanting step is provided, after the porous layer
forming step, for implanting ions into the porous Si
layer with a given projection range and forming a
porous Si layer with large porosity in the porous Si
layer. It is preferable that the porous-forming step

20 is performed by anodization. It is preferable that the
anodization is performed in an HF solution.

The high-porosity layer forming step can be
carried out by also altering the current density,
during the porous-forming step.

25 After removing the remaining porous layer, the Si
substrate separated by the foregoing method may be

reused as an Si substrate by performing the surface



- 23 - which is used in the sem conductor process is used as a

substrate, there is no worry about contam nation from the filter
itself. The present invention jncludes a produci ng net hod 5
of a sem conductor substrate. - %%ébifically, a produci ng net hod
of a sem conductor substrate of the present invention

conprises a porous-formng step for formng an Si substrat e porous
and formng a porous Si layer on at 10 | east a surface of the S

substrate, and g lGhning procBREOTE! ¥nk WeFrAGE NEIGAAD pdiasying a
porous Si ayer wth large porosity in the region at the specific

depth fromthe poIRUSilA¥SR .| NThBesRPERHE Hlatty®ing processihitay be
hi gh-porosity layer formng step can be carried out 15 as an ion

i mpl anting step Jdqari dnikiggnieitedhingndri 8he like normallpreosssd Sin [theer with a
given projection range. It is preferable that the ions conprises at
| east one ki nd gfemiconductolrl @roaesshyddongthe aother thandn.the heatpref er abl e
that a non-porous layer formng step is provided for 20 formng a
non- por ous § ayertmsatmesur fiamc ehef athespbengsincludisy hydrogeremante & i on
i nplanting step. It is preferable that a bonding step is provided for
bondi ng a upsed- sBystsedestdngathar eaedibior hetibh-itous
treatment can achieve the flatness to an extent where
the atomic step is locally presented.
According to the producing method of the
10 semiconductor substrate of the present invention, upon
removal of the Si substrate, the Si substrate can be
separated at one time in large area via the porous
layer. Thus, the process can be shortened. Further,
since the separating position is limited to within the
15 porous layer with large porosity due to the ion
implantation, thicknesses of the porous layer remaining
on the support éubstrate side can be uniform so that
the porous layer can be removed with excellent
selectivity.
20 According to the producing method of the
semiconductor substrate of the present invention, the
Si substrate can be separated in advance at one time in
large area via the porous layer. Thus, the grinding,
polishing or etching process which was essential in the
25 prior art for removing the Si substrate to expose the

porous silicon layer can be omitted to shorten the

process. Further, since the separating position is



| ayer after the high-porosity layer formng step and 25 that a

separating step is provided for separating the Si substrate into two
at the porous Si layer with the Iar%% porosity after the bonding
step. It is - - - 24 -

preferable that the separating step is perfornmed by heat-treating
the Si substrate, by pressurizing the Si substrate in a direction
perpendicular to a surface thereof, by drawing the Si substrate in a
direction [ dpcul e t gp

sheari ng force %.ﬁ%& Sy Jg&f rrgt%étgé 1@?{&9@;1@}1 lﬂr g%?:gg%h t the
non- por ous Iaye f . singl I n r al Si
havi ng an omérf E’l%? }%née)r of; A’&l %ﬁt{;?g%t (l)égld Egngbglé éjgé 10

si ngl e-crystal 9484 5n£§%¥gggﬁn td teHes 1Rkek-esabkg £hat the
support substratgg?s&an %§ sung%rate gﬁrgyséubgﬁrate havi ng an

oxi di zed Si |ayghve the pPHjdcEibd afhded, thikmmdederr o khehpoteassm ttable
substrate. It is preferable that the bonding step is 15 per formed by

anode bondbsng, pagesurémainDng dieathe supporttr embesmiater sddeogbnnbéi on

thereof. It is preferable that a porous Si renoving step is
provi ded, afterubhéorm so thapathe ipuretepayesr ceanmbei mgmpiedpyiths Si
| ayer exposed on a surface of the support substrate and

excellent selectivity. It is hard to happen that the
thickness of the remaining porous layer is thin
locally, so that the non-porous layer appears on the

10 surface earlier and is etched accordingly. In the
case, the forming method of the porous layer having a
high porosity is not restricted to the ion
implantation, but the formation can be realized by also
altering the electric current at the anodization.

15 Specifically, not only the grinding or etching process
which was essential in the prior art for exposing
porous silicon can be omitted, but also the removed Si
substrate can be reused as an Si substfate by removing
the remaining porous layer. If the surface flatness

20 property after the removal of porous silicon is
insufficient, the surface flattening process is
performed. Since the position where the bonded two
substrates are separated is regulated by the projection
range, the dispersion of the separating positions

25 within porous silicon does not occur as opposed to the
prior art. Thus, upon removal of porous silicon, the

single-crystal silicon layer is prevented from being



20 exposi ng the non-porous layer. It is preferable that t he
porous Si renoving step is performed by an el ectrol ess wet etching
usi ng at | east one of hydrof l uoric_acid, a mxed |liquid obtained by
addi ng at | east one of al cohol aﬁdzﬁyarogen peroxi de water to 25
hydr of l uori c acid, buffered hydrofluoric acid, and a m xed liquid
obt ai ned by adding at | east one of al cohol and hydrogen peroxi de

wat er to buffered hydrofluoric - 25 -

acid. It is pfeégg@@é& éﬁte@cﬁédateoer&é&ab%atgsthe thigkuksled for

flattening a surtace of € non- por ous | ayer after the porous S

renoving step. yhifSrmity. BREHHAD! aHeN@l EhBstratéesangoéttpused pai f or med
by 5 heat treatnment i'n the atnosphere including hydrogen. I t

may be arrangedifbagedeedaiamsed Givigest @ptil itsfotrecparals Si | ayers
on both sides of the Si substrate, and that the bonding step bonds

two support stronpsh rmadiess ti timpopeiole .Si Fuaybes, f sineel tie bot h si des
10 of the Si substrate. It nay be arrange that a second non- por ous
| ayer fornbng siepaistimgvpaeitiaf tier nedséricted teparaundégtBe egepthr

form ng a non-porous |ayer again on the surface of the porous S

| ayer exposed omorhespondingutd dthe gfrajeetdonsgpageape, thadiPhat a second

ion 15 i mpl anting step is provided, after the porous Iager
implantation, the thickness of the porous layer can be

set smaller as compared with the prior art. Further,
it is capable of making the layer having a high

10 porosity a layer having a specific depth constant from
the surface of the porous layer to separate it, so that
such a quality as the crystalizability of the porous
layer is not deteriorated.

Alternatively, without removing the remaining

15 porous layer, the separated Si substrate can be reused
again as an Si substrate of the present invention by
forming a non-porous single—crystal Si layer. Also in
this case, the Si substrate can be reused in the
desired number of times until its structural strength

20 makes it impossible.

In the conventional method of producing the bonded
substrates, the Si substrate is gradually removed from
one side thereof through grinding or etching. Thus, it
is impossible to effectively use both sides of the Si

25 substrate for bonding to the support substrate. On the
other hand, according to the present invention, the Si

gubstrate is held in the initial state other than its



form ng step, for inplanting ions into the porous Si | ayer with a
given projection range and formng a porous Si |ayer with | arge
porosity in the porous Si Iayer._lkgig preferable that the
porous-formng step 20 is perfornmed by anodi zation. It is preferable

that the

hi gh-porosity layer form ng step can be

anodi zation is perforned in an HF sol ution.

The

carried out by also altering

the current density, - during the porous-formng step. 25
After renoving LherCaral s Y Gikat apsr ustihg Bbth sidessobsthat®d
separated by the foregoing nmethod nmay be reused as an Si substrate

by perform ng thgpsSt¥de€eas the main surfaces and bonding the suppor6 -

flattening process if the surface flatness property is

i nsufficient.

The surface fl agtestrgtes ccesshermgides of thepSii shbagratechi ng or the like

normal Iy used in the sem conduct or process. On the other hand, the
heat 5  treatnespectivéky attmsgwded sebstragersy gaBgeR may al so be
used. By selecting the condition, this heat treat ment can achi eve the

flatness t6 an simehtampeusly produgad £TEm ongt &) SYPEEEarRy pfRdent ed.
According to the producing nethod of the 10 senicongﬁg gr_%ubstrate of

the present inveheiprocepdrcan be sharheped,end,&hs; pLg

VErY 1 Rt si

substrate can be

10

15

20

25

be improved. As appreciated, also in this case, the
separated Si substrate can be recycled as an Si
substrate after removing the remaining porous Si.

Specifically, the present invention uses a single-
crystal Si substrate which is excellent in economics,
flat and uniform over a large area and has an extremely
excellent crystalline property, and removes from one
side thereof to an Si or compound semiconductor active
layer formed on the surface which thus remains, so as
to provide a single-crystal Si layer or a compound
semiconducﬁor single-crystal layer with extremely less
defects on an insulating material.

The present invention provides a producing method
of a semiconductor substrate which is capable of
achieving an Si or compound semiconductor single-
crystal layer with a crystalline property as good as a
single-crystal wafer on a transparent substrate (light
transmittable substrate), with high productivity, high
uniformity, excellent controllability and reduced cost.

Further, the present invention provides a

producing method of a semiconductor substrate which is



separated at one tine in |large area via the porous | ayer. Thus, the
process can be shortened. Further, since the separating position is
limted to within the 15 porous |ayer with |arge porosity due to the ion
i npl antation, thicknesses of the porous Fa$8r-renaining on the
support substrate side can be uniform so that t he porous |ayer can
be renoved with excell ent selectivity. 20 According to the
produci ng nmet hod of the sem conduct or substrate of the present

i nvention, the Si_ substrate can be se aratedﬁigpgdvance at one tine

in | ar ge EPREAGAEPIH S ForBU LIRS VETRES, OFh ndPR

pol i shing or etchln roces mhlch S essenti 2 art
for renoving the ?? é&%@' gra%ed 01%?§ﬁg §F|IC éd)1:)ay
be omtted to sh0£ten the process. Further since the separating

position is cture. - 27 - limted

to wthin the porous A :ﬂgéhxiqﬁﬂf I ¥nventioRY tHB! 8bh§DE-ions of
at | east one kind of rogen and nitrogen into the porous

| ayer so asgto ¢ stmv&rﬁﬁlﬁxrm %éﬁtdd?ﬁxfcﬁ:'&&ela BirCkneBSegcei1éhe porous
5 | ayer renalnlng on the support substrate side can be uni form so
that the porous LaytaTBindrspamsd ok be formeaxeal pepbusesectandty. |t
is hard to happen that the

further, this semiconductor layer can be transferred

can

onto the large-area insulating substrate which is
excellent in economics. Thus, the foregoing problem of

10 the difference in lattice constant and thermal
expansion coefficient can be sufficiently suppressed so
as to form the compound semiconductor layer with
excellent crystalline property on the insulating
substrate.

15 Further, since porous Si has a low mechanical
strength and an extensive surface area, removal of the
porous Si layer of the present invention can also be
performed by selective polishing using the single-
crystal layer as a polishing stopper.

20 According to the producing method of the
semiconductor substrate, since the porous layer of a
fine structure can be formed after formation of the
single-crystal silicon layer on the porous layer, the
epitaxial growth condition of the'single—crystal layer

25 can be set free of influence of the structural change
of the porous layer. Specifically, since the fine-

structure porous layer, working as a luminescent layer,



t hi ckness of the remaining porous layer is thin | ocally, so that the
non- porous | ayer appears on the 10 surface earlier and is etched

accordingly. In the case, the form ng nmethod of the porous |ayer
havi ng a hi gh porosity is not restri%ted to the ion

| npl antation, but the formation can be realized by al so altering the
electric current at the anodi zation. 15 Specifically, not only the
grinding or etching process whi ch was essential in the prior art for
exposi ng s, silic n_be e ut_also the renpved, Si
substrate can bé’%‘&%’s@&n&? %ﬁ’ § a?ﬁﬁs Pﬁt% bf)‘?’@?&{@ Yrpatme nt’t ﬁ’?nr &%ai ni ng
porous layer. I|f.the surface t“n frer noval of
porous silicon |f§) riied” afteﬁsu eghﬁn %g %Prgace ]%#/ &f enﬁ_'l ng pr ess i s

performed. S ”Cg 'ﬂ} é:'gﬂ*g\att' B, ""‘Eﬁé%k%a@@&f’f&'tﬂ‘%f the e %%Ezs Usps are

separated is re e “projection ange, the persion of
the separating pRSidds®ig. 25 W thin porous S|I|con does not occur as
opposed to the prior art. Thus, upon renoval of porous silicon, the

single-crysial silicapdoadehg SoPtRECHLEGUELRTRELIS of the
28 - exposed and etched to deteriorate the thickness

unlfornlty. Fur tdamiicondectorsshbbstabeecatpde reamsedl iof the Sif he desired
nunber of tinmes until its structura

substrate, the Si substrate can be separated at one
time in large area via the porous layer, the process
can be shortened. Further, since the separating

10 position is limited to within the porous layer by means
of the ion implantation, thicknesses of the porous
layer remaining on the support substrate side  can be
uniform so that the porous layer can be removed with
high selectivity. Thus, even when the etching is

15 unstable due to the size of the apparatus or the change
of the environment, the non-porous thin film, such as
the single-crystal Si layer or the compound
semiconductor single-crystal layer, which is excellent
in economics, flat and uniform over the large area and

20 has the extremely excellent crystalline property, can
be transferred onto the support substrate with high
yield. Specifically, the SOOI structure with the
single-crystal Si layer formed on the insulating layer
can be obtained with high uniformity of film thickness

25 and high yield. Further, since the separating position
is regulated by the projection range of the ion

implantation so as to be within the porous layer, the



strengfh makes it inpossible. Further, since the 5 Separating position

Is restricted to around the depth corresponding to the projection
range of the ion i npl antation, the thickness of the porous |ayer can
be set smaller as conpared with the gmwi-or art. Further, it is
capabl e of making the layer having a high 10 porosity a | ayer having a
specific depth constant from the surface of the porous |ayer to
separate it, so that such a quality as the crystalizability of the
por ous | ayer is not deteriorated. . Alternatively, wthout
removi ng the rerdiiskngsses ofpsheurorayerlayee rampdndmed of thebstrate can
be reused again as_an Si substrate of the present invention by

forming a non- p&UPRSTE SYPETERYSt aldgcan ke undiarn go that ¥hgi 5 case, the
Si substrate can be reused in the $esjreqrn¥pber of .tines until its
structural streR@ORuUS2dayeaRas Pe TRPQERd prith high selectiyityye
conventional nethod, of prﬁgucin S bstratea,n the S

& &

t b d
substrate is gr AGFHEYF r vEﬁmgV%‘EneSl et eSiEﬁ"f':bte'sicfi'ié‘"l err &6 tnPSugh
i ndi tchi,ng. . Th i . ] i ihle t f fi bot h
o o L e by oy, RSP RS Al U bt

the ot he&f%@ aceardi @Qa{:ﬂeégepzpéﬁé'ﬁ% d AN Ll all NS £S5
substrate i s hel in tﬁe Initial state other than its
- 29 - porous silicon is insufficient, the surface flattening

process is performed.
The present invention provides a producing method
10 of a semiconductor substrate which is capable of
achieving an Si or compound semiconductor single-
crystal layer with a crystalline property as good as a
single-crystal wafer on a transparent substrate (light
transmittable substrate), with high productivity, high
15 uniformity, excellent controllability and reduced cost.
According to the producing method of the
semiconductor substrate of the present invention, since
the selective etching which is excellent in a ratio of
etching selectively can be performed, by performing the
20 bonding with the support substrate, the SOI substrate
or the compound semiconductor single crystal on the
support substrate, which is flaf and uniform over the
large area and has an extremely excellent crystalline
property, can be achieved.
25 Further, according to the producing method of the
semiconductor substrate, the single-crystal compound

semiconductor layer with high crystalline property can



surface |l ayers so that, by using both sides of the Si substrate as

the main surfaces and bondi ng the support substrates to the sides of
the Si substrate, respectively, two bonded substrates can be 5

si mul t aneously produced fromone Si substBgte. Thus, t he process can
be shortened and the productivity can be i nmproved. As appreciated,
also in this case, the separated Si substrate can be recycled as an
Si substrate after renoving the remaining porous Si.

Speci fically, rese I nvent i on,.us

substrate mhlchgﬁsggf@% I%ﬂtp?ro%cgﬁdngggﬁfﬂf@%eg s gﬁ%§%§§%§%3£r

large area and hgg.an.EX!hE Bldnsterred tiftd Ao q%teabkbaelﬁéeﬂsﬁug and

renoves from on ereof to an Si or COI’TpOUI’] sem conduct or

active 15 ggf)g{:géggdw{?ﬂcﬂ hes it danenihiseh eU&h%m&@E&l N$hug) BBe

to provide a sin crysta 'ayer or a conpound sem conduct or

single-crystal E6¥8§o%1%h pESbI&NEY 4188V ifferencéelinciatencanconsuhnti ng
mat eri al . e present invention provides a producing nethod 20

of a sem cgnduckgl $HESHAR! Expleton compriliemf can be sa€ifiievenyglan Si or
conpound sem conductor singl e- crystal layer with a crystalline

property as googupprassed so &sngbefmmystls aumfperndn semicandpatent
substrate (light transmttable substrate), with high groductivity,
high 25 un|fdayerywl9hcek¢ehlemxwﬂrxﬂﬂQﬂ%HHQQPﬁﬂm@Iﬁﬁd9@6& €ost .
Further, the present invention provides a produci ng nmet hod of a
sem conduct or sdbsulaténghfubstrate.

Further, even if non-formation regions of the
10 implanted layer are formed due to presence of the
foreign matter on the surface upon the ion
implantation, since the mechanical strength of the
porous layer itself is smaller than bulk Si, the
separation occurs in the porous layer. Thus, the
15 bonded two substrates can be separated without causing
damages such as cracks in the non-porous single-crystal
silicon layer.
Further, since the gettering effect is available
at the ion-implanted region, even if metal impurities
20 exist, the bonded two substrates are separated after
achieving the gettering of the impurities into the ion-
implanted region, and then the ion-implanted region is
removed so that it is also effective against the
impurity contamination.
25 Further, since the separating region is limited to
the ion-implanted region within the porous layer, the

depths of the separating region do not disperse within



- 30 - repl aceabl e for an expensive SOS or SIMOX upon

producing a large scale integrated circuit of an SO structure.
According to the present invention, the single- - 5 crystal conpound

sem conductor |ayer with excellent -cBgstal | i ne property can be forned
on porous Si, and further, this sem conductor |ayer can be
transferred onto the large-area insulating substrate which is
excellent in econom cs. Thus, the foregoing problemof 10 the difference
in lattice constgnt and thgfnal eégan ion coefficient can be

sufficiently supfRRFPUD 1aver. BceRTAPR Y hee¥BRpbinPE R B RE L or

I ith | | ent .stalli .the | | ati
substrate. 15 etehingghiaeively pBroRsiBTL el lis apiitidiontar
strength and an extenaly oSS A0e L8R LTRKBh QhnlbE renderdf’ 0US S

| ayer of the presen iAvent| on Gak also be pertornmed by Sel ective

pol i shing uSi ng L Sl Ly constBhXSLE! cha¥etndSeh BRALSLI N Aapnsy . 20

Accordi ng to the producing sem ¢ uct or substrate,

since the porous,¢ al AhAe-crystall! Q@lihbﬂcla?érc%a@@féﬁé@%rﬁfé er
formati on of the single-Crystal silicon Tayer on the porous |ayer,

t he epi t aptied| sugpdmth se@Rdirbitan iaf nbespbnobe: crystal |ayer

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are schematic diagrams for
10 explaining a semiconductor substrate producing process
according to a first preferred embodiment of the
present invention;

Figs. 2A to 2C are sdhematic diagrams for
explaining a semiconductor substrate producing process

15 according to a second preferred embodiment of the
present invention;

Figs. 3A to 3C are schematic diagrams for
explaining a semiconductor substrate producing process
according to a third preferred embodiment of the

20 present invention;

Figs. 4A to 4F are schematic diagrams for
explaining a semiconductor substrate producing process
according to a fourth preferred embodiment of the
present invention;

25 Figs. 5A to 5F are schematic diagrams for
explaining a semiconductor substrate producing process

according to a fifth preferred embodiment of the



25 can be set free of influence of the structural change of the

porous | ayer. Specifically, since the fine- structure porous | ayer,

morking as a |l um nescent |ayer, - 31
whi ch tends to change due to- t3g®r-ml treatnent, can be

forned after conpletion of thermal treatnment for the filmformation,

the characteristic of the el enent can be stable. 5

According to the producing nmethod of the sem conduct or substrate,

upon renoval of the Si substrate, the Si substrate can be separated

at one tDﬁ@Sﬁntlaﬂ§@n§FQHIV|a t he porous | ayer, the process

can be shortened. Further, since_the se aratl é} p05|t|on is limted

to within the porousFrgger 6By tReERsare t%?] HQQ?QWﬁm £9%t at i on,

t hi cknesses of the_poro

r emai ni.ng ort substrate
e tanbe O 1B nER R SO AT e DU TR BB AR RrORER 1
hi gh I I Vi . wh ble d h
igh se eCtIVIt%P&Fgug8§e¥§§nC gﬂggggdegg§g£§)the enVIrunsta e due to the

size of the app onnent, the

non- porous5§h|n filme;SUCh78Ses 7 aréhgbﬁ%fgﬂfﬁ(Hﬂéafﬁmé&fokayer or the

conmpound sen1co uctor single-crystal layer, which is excellent

i n econom cs, 12961 HB' BORBhON¥AREi AL | SéhifcdHRR W] subfdtratleas the
extrenely excelle t crystalline property, can

producing process;

Figs. 8A to 8E are schematic diagrams for

explaining a semiconductor substrate producing process
10 according to a sixth preferred embodiment of the
present invention;

Figs. 9A to 9G are schematic diagrams for
explaining a semiconductor substrate producing process
according to a seventh preferred embodiment of the

15 present invention;

Figs. 10A to 10G are schematic diagrams for
explaining a semiconductor substrate producing process
according to an eighth preferred embodiment of the
present invention;

20 Figs. 11A and 11B are schematic diagrams for
explaining anodization; and

Figs. 12A to 12D are sectional views showing a

process of a EL element.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention simultaneously solves the

foregoing various problems by superposing a finer



be transferred onto the support substrate with high yi el d.

Specifically, the SO structure with the single-crystal Si |ayer
formed on the insulating |ayer can be obtained with high uniformty
of filmthickness 25 and high yield.- 3gurther, since the separating
position I's regul ated by the projection range of the ion

I npl antation so as to be within the porous |ayer, the

- 32 - t hi cknesses of the porous |ayer remaining on the

support substrate side can be uniformso that the porous | ayer can
be renoved mnthphrghssétéﬁﬁtw¥@yln the formgoimer porpusr daPSEd Si substrate
can be reused as an Si substrate by renpving the renaining porous

| ayer . If t heI§uPiF%cl%e‘F’{1 Aerasted ghaty bxr P FfPE%V‘SI igp

porous silicon is insufficien e surf ce flatteni rocess is
per f or ned. impl anta?%%“p?%s%ﬁiEWWnﬂﬁ1 Zﬂ?ﬁ&%8vﬁ8§ Bubkoﬁbégﬁﬁnnethod

10 of a sem co ductg%%?% strat achi eving an

Si or conpound &8 %?Flfh?reto mic %P§FXFtF§§ePaﬁfPﬂ
crystal |1 ng progel Lhos 885 900 PR0RS Fange £rom lMHEAT! xgga{ne%@r? +gn a

transparent subs ansm tt e su rate), with high
productivity, hgaberéﬁ toné'néf ARk tPE frleeHorfiaht he! Jttﬁal bibYaRPey r educed

cost . According to the producing nmethod of
region in the density of as much as 10*¢ to 10'/cm® (for
example, A. Van Veen, C.C. Griffiocen, and J. H. Evans,
Mat. Res. Soc. Symp. Proc. 107 (1988, Material Res.
10 Soc. Pittsburgh, Pennsylvania) p. 449). Recently, it
has been researched to utilize these micro-cavity
groups as gettering sites of metal impurities.
V. Raineri and S.U. Campisano implanted helium
ions into bulk silicon and applied a heat treatment
15 thereto so as to form the cavity groups, then exposed
the sides of the cavity groups by forming grooves in
the substrate and applied an oxidation treatment
thereto. As a result, the cavity groups were
selectively oxidized so as to form a buried silicon
20 oxide layer. That is, they reported that the SOI
structure could be formed (V. Raineri and S.U.
Campisano, Appl. Phys. Lett. 66 (1995) p. 3654).
However, in their method, thicknesses of the surface
silicon layer and the buried silicon oxide layer were
25 so limited as to achieve both formation of the cavity
groups and relaxation of stresses introduced due to

volume expansion upon oxidation and further the



sem conductor substrate of the present invention, since t he

sel ective etching which is excellent in a ratio of et chi ng

sel ectively can be perforned, by performng the 20 bonding with the
support substrate, the SO substrate - 37 o the conpound sem conduct or
single crystal on the support substrate, which is flat and uniform
over the | arge area and has an extrenely excellent crystalline
property, can be achieved. 25 Further, according to the producing
met hod of the sem conductor substrate, the single-crystal conpound
sem conduct or | fpEmakilen Af ghhergoeeves mere gmaassaryn for selective

- 33 - be formed on porous Si, and further, this sem conductor

| ayer can be tr&XifatieR sAt Bhahethe IRl Fleaqtisia goulg not besfpsmedt e
which is excelle i n_econom cs.. Thus, the f or egoi ng_ probl em of the
difference in | iegeﬁoﬁg?aﬁYbS%Fatean&“Fﬂéﬁﬂﬂm§5¥%h§#o heoEpVii&Vent can

Vayer w ih oxcuPFenpsc YRR PRRc-arantad P pronenh, RETAGHIRG the

SUSSLISLE b or SEpLpSAELEAIEE L EHED o] G bORSG G BLekn 10

f
I mpl ant ed [Tayer orne presence<ﬁ

the surface upOBybBAsiG or sepatdBldHFHdfbhend'6 RS BEGHRY GBLLSLT enoth

as a part of the research about a first reactor wall of
the nuclear fusion reactor.
Porous Si was found in the course of the research
10 of electropolishing of the semiconductor in 1956 by
Uhlir and collaborator (A. Uhlir, Bell Syst. Tech. J.,
vol. 35, 333 (1956)). Porous silicon can be formed by
anodizing the Si substrate in the HF solution. Unagami
and collaborator researched the dissolution reaction of
15 Si in the anodization and reported that positive holes
were necessary for the anodizing reaction of Si in the
HF solution and the reaction was as follows (T.
Unagami, J. Electrochem. Soc., vol. 127, 476 (1980)):
Si + 2HF + (2-n) e" -+ SiF, + 2H' + ne-
20 SiF, + 2HF - SiF, + H,
SiF, + 2HF - H,SiF;
or
Si + 4HF + (4-\) e' - SiF, + 4H' + Ae"
SiF, + 2HF - H,SiF,
25 wherein e and e  represent a hole and an electron,
respectively, and n and A represent the numbers of

holes necessary for dissolution of one Si element,



porous |ayer itself is smaller than bulk Si, the separation occurs
in the porous layer. Thus, the 15 bonded two substrates can be separated

wi t hout causing damages such as cracks in the non-porous

si ngl e-crystal silicon |ayer. - 38 - Further, since the
gettering effect is available at the ion-inplanted region, even if
nmetal inpurities 20 exi st, the bonded two substrates are separated
after achieving the gettering of the inpurities into the ion-

i mpl anted region, and then the ion-inplanted region is renoved so
that it is al somsddpeeitiivelygai 13t wabereportedi tpat | pyrowsntSirivet i on. 25
Further, since the separating regionis limted to the ion-inplanted

regi on Wi t hi n t ommdbaderaye, orhd>4 was sgtpshitedf the separatlng regi on
do not disperse within 34
the porous |ayer. Acdér @ppglepiatedn from fher feregeing, p- tYHﬁ(ﬁﬂ ng

sel ectively porous silicon is insufficient, a time for renoving
porous silicon Q@Ving %é’r"é@s is rengﬁﬁ%@aﬂ??%‘l‘?yw%}%t’énﬁygeo $hdts t he

t hi ckness unlfornrt

y of the sing|e cr | ayer transferred
ont o £} he ni Fendezasepeatusy s 08 Spysrevity widle Yeedd

DESCRI PTI ON OF.gg%ous %Lngeen proved by Nagano and collaborators and

Imai (Nagano, Nakajima, Yasuno, Oonaka, Kajiwara,
Engineering Research Report of Institute of Electronics
and Communication Engineers of Japan, vol. 79, SSD79-

10 9549 (1979)), (K. Imai, Solid-State Electronics, vol.
24, 159 (1981)).

However, there have also been reports that high-
concentration n-type Si can be rendered porous (R.P.
Holmstrom and J.¥Y. Chi, Appl. Phys. Lett., vol. 42, 386

15 (1283)) so that it is important to choose the substrate
which can be rendered porous, irrespective of p- or n-
type.

Porous silicon can be formed by anodizing the Si
substrate in the HF solution. The porous layer has a

20 structure like sponge including holes of about 10! to
10nm in diameter arranged at intervals of about 10 to
10nm. The density thereof can be changed in the range
of 1.1 to 0.6g/cm® by changing the HF solution
concentration in the range of 50 to 20% and by changing

25 the current density, as compared with the density
2.33g/cm’® of the single-crystal Si. That is, the

porosity can be changed. Although the density of



Figs. 1A and 1B are schematic diagrans for 10 expl ai ning a sem conduct or

substrate produci ng process according to a first preferred

enbodi ment of the present invention; Figs. 2A to 2C are
schemati c di agrans for expl ai ni ng. &gsem conductor substrate
produci ng process 15 according to a second preferred enbodi nent of the
present invention; Figs. 3Ato 3C are schematic diagrans for
expl ai ning a sem conduct or substrate produci ng process according to

athird preferred enbodi nent of the 20 present invention;

Figs. 4A to 4F poeossh&huts cnalingreinthdrohalf as comphaedi with thei conduct or
substrate produci ng process according to a fourth preferred

enbodi ment of taéngle-crygtakcht ashvagaguiped phove, therjgs. 5A to 5F are
schemati c di agrans for . explaining a sem conductor substrate producing
process aBeBPEr vigtabline | BRPSHSf &% @ iEtedarHeRP SPatnthe

- 35 - resent invention; Fi,gs. .6A to 6E h ti
di agrams for Sgng%&b?ﬁff $t %10 g]eﬁﬁ%rﬁﬁi’ctb@r e?ér%%f‘?‘ﬁﬁégg?‘ffﬁu%fi’ﬁljﬁ%r ggzslsc

whi ch has Been BLS gsggrgmgfwéﬁe porous layer. However, at the

temperature no less than 1,000°C, rearrangement of the
internal holes occurs to spoil the accelerating etching
characteristic. 1In view of this, it has been said that
the low temperature growth, such as the molecular beam

10 epitaxial growth, the plasma CVD, the vacuum CVD, the
optical CVD, the bias sputtering or the liquid
deposition, is suitable for the epitaxial growth of the
Si layer. On the other hand, if a protective film is
formed in advance on the pore walls of the porous layer

15 by means of the method of low temperature oxidation or
the like, the high temperature growth is also possible.

Further, the porous layer is reduced in density to

no more than half due to the formation of a lot of the
internal cavities therein. As a result, since the

20 surface area is greatly increased as compared with the
volume, the chemical etching speed thereof is extremely
increased as compared with the etching speed of the
normal single-crystal layer.

Although the mechanical strength of porous Si

25 differs depending on porosity, it is considered to be

smaller than that of bulk Si. For example, if porosity

is 50%, the mechanical strength can be considered to be



5 Figs. 7A to 7E are schematic di agrans for expl aining a
conventional sem conductor substrate produci ng process;

Figs. 8A to 8E are schematic diagrans for expl ai ning a sem conduct or
substrate producing process 10 accordypg-to a sixth preferred

enbodi nent of the present invention; Figs. 9A to 9G are
schemati c di agranms for expl ai ning a sem conductor substrate
produci ng process according to a seventh preferred enbodi ment of the
15 present invention; Figs. 10A to 10G are schematic di agrans
for expl habf ntha etk corghestidiicalidgt, r whenppodoobngspiveess

according to an eighth preferred enbodi nent of the resent

i nvention; 20 tensile ¢ gheanr fonag P@Baﬁpél§éh§ﬁth€ beadedmafers,
explalnlng anodi zati on; and gs. 12A to 12D are sectiona

vi ews showi ng athe pOTOys d¥egdkaysr d-%lf‘é]sé"niﬁpt“red% As e pexpsity

DESCRI PTI ON OF THE PREFERRED ENBCDINENT%ﬁg ﬁ%gsent i nvention
si mul t aneousl y 19| iacregged, the eﬁaFPBugepFBBF% W &g posi ng
a finer 5 weaker force.

The present invention simultaneously solves the
foregoing various problems by superposing a finer
porous structure in the foregoing porous layer.

It has been found that, when ion implantation of

10 at least one kind of noble gas, hydrogen and nitrogen
is performed into the porous layer with a projection
range ensured, the porosity of the implanted region is
increased. When observing in detail the implanted
layer using an electron microscope, a lot of micro-

15 cavities were formed in the pore walls of the porous
layer formed in advance. Specifically, the fine porous
structure was formed. Upon irradiation of ultraviolet
light, the luminous phenomenon at the wavelength around
700nm was confirmed.

20 If choosing further implantation conditions,
porous silicon can be separated at a depth
corresponding to the projection range of the ion
implantation.

The separation can be improved in uniformity or

25 achieved with less implantation amount by forming in
advance a thin film on the pore walls of porous silicon

using the method of particularly low temperature



porous structure in the foregoing porous |ayer. It has been
reported that, by performng ion I npl antati on of heliumor hydrogen
into bulk silicon and applying heat thereto, micro-cavities having

5 dianeters in the range from several_ ngnaneters to several tons
of nanoneters are formed at the inplanted region in the density of
as nmuch as 10[err] to 10[err]/cnmferr] (for exanpl e, A Van Veen,

C.C Giffioen, and J. H Evans, Mat. Res. Soc. Synp. Proc. 107
(1988, Material Res. 10 Soc. Pittsburgh, Pennsylvania) p. 449).
Recently, it oxidatienbeeThe esepatdteicbn ccan ide facildsetedcby- cavity
groups as gettering sites of netal inpurities. . . V. Raineri and
S.U. Canpi sano Ppplaapgdthe|heat treatmenshaftaro Yhg oy Lrpdaniadiapplied a
heat treatnment 15 thereto so as to formthe cayity groups, then exposed
the sides of the cavBYylgpolMRIaRting M eito e Kind Of nopje gaBstrat e
and applied an oxi dation treatnent t hereto. As result, the cavity

a
groups were hydregpBc#RY P LERIH ARFEQ FhR ROFNUS, APXSBUFLER & 1icon 20
oxide layer. That . is,.they reported that_the SO . tructure coul d be
Formed (V. Srai nBFPIRR SR Fan6E Sodiend Retnl” Rypecion, ot bl (%5 ( 1005)
. 3654). Ho ;o ' . L. cknesses _ rface
gilicon)layer aﬁaetﬁgygﬁr?ggné$$#éﬁép%;gﬁkyﬂg%%#l%érg ngé E)B%ggglim'ted as

to achieve bothslApiBlepPsply 00 £8 ayer, orfiRHBASARA1EBLAXELI On of
stresses introduced due 1o vol ume “expansi On upon oxi dati on and
further the without such formation, the porosity of the implanted
is increased. If such an Si substrate is bonded to the
10 support substrate and then the bonded substrates are
subjected to the mechanical force or the heat
treatment, or even without such processes, the bonded
two substrates can be separated into two at a portion
of the porous silicon layer where ions are implanted.
15 By supporting both sides of the ion-implanted
layer with a fully thick elastic or rigid body, the
separation can be achieved uniformly over the large
area. Further, it is possible to facilitate the
separation of the substrates by applying the heat
20 treatment, the force or the ultrasonic wave to the
substrates.

Even if non-formation regions of the implanted
layer are formed due to presence of the foreign matter
on the surface upon the ion implantation, since the

25 mechanical strength of the porous layer itself is
smaller than bulk Si, the separation occurs in the

porous layer. Thus, the bonded two substrates can be



- 37 - formati on of the grooves were necessary for selective
oxidation so that the SO structure could not be forned all over
the substrate. Such formation of the cavity groups have been
reported as a phenonenon following the _%, _inplantation of |ight

el ements into nmetal along wth an expansi on or separation
phenonenon of the cavity groups as a part of the research about a
first reactor wall of t he nucl ear fusion reactor.

Porous Si was found in the course of the research 10 of

el ect r opol i shi ngephrialtedseiithonducaosing ¥S6ncks or théhllimeand the

col l aborator (A. Unhlir, Bell Syst. Tech. J., vol . 35, 333 (1956)).
Porous silicon cem-perbosmedngye-crystahrddilayry + hdrsiothelyswoads. in the HF
sol ution. Unagam and col | aborator researched the dissolution
reaction of 15the shepemenenapfdibat sepAEREleR At &e RIS PYve hol es
were necessary for the anodizing reaction of Si in the HF sol ution
and the reacti oFekestangr 8| tamingTfor the mapifpghatipn from thendimesoc. |

| . 127, 476 (1980 2HF + (2- Si_F
\ZIa[er]r + ﬁe[eﬁr"jf 1)2')Qlantatl°n8fiiﬂ—fe1:?? ':‘:”ﬁ-ﬂ?f 9@@%@%?9‘15; aFee ] '

Si F 2HF - 4HF
(|4 %:;H)-Fe[errf?mg['%llﬁ ePfE] IHEPLPI[’E?H"& T‘é‘?*?]aeﬁ &} pmount o Si F[ ;rr] +

2 2 el S gt cofbean ana MEKS) wRLAL. 2MAbE) wgPigsen @

hol e and an el ec
hav1ng a large porosity may be formed at a region of a

constant depth from the surface of the porous layer by
10 controlling the condition at the anodization.

Further, by selectively removing the porous Si
layer remaining on the surface of the separated
substrate using the method of etching, polishing or_the
like, the single-crystal Si layer is exposed on the

i5 support substrate. On the other hand, after removing
the remaining porous Si, the Si substrate can be again
formed with porous silicon, then formed with a single-
crystal S8i layer and subjected to the ion implantation
of at least one kind of noble gas, hydrogen and

20 nitrogen into the porous layer with the projection
range ensured, and then bonded to a support substrate.
That is, the Si substrate can be recycled. Further, if
the Si substrate, with the porous silicon layer
remaining, is subjected to the heat treatment in the

25 reduction atmosphere including hydrogen or the like,
the porous silicon surface is rendered flat and smooth

so that the single-crystal silicon layer can be formed



respectively, and n and X represent the nunbers of hol es necessary
for dissolution of one Si el enent, -
38 - respectively. It was reported that porous Si was

formed when n>2 or [err]>4 was satisfied. _ As appreciated from
the foregoing, p-type Si having the holes is rendered porous while
n-type Si is 5 not rendered porous. The selectivity while getting
porous has been proved by Nagano and col | aborators and | mai (Nagano,
Nakaj i ma, Yasuno, Oonaka, Kajiwara, Engi neeri ng Research Report of
Institute of Elgetéddififely. By dodLAFM¥ARLC3Ihgle EBByHELT Ssiickapan, vol.
79, SSD79- 10 9549 (1@99)), (K. I'mai, Solid-State Electronics, vol.

24, 159 (1981))layer to the sugpsetecsubtlitaeehavbeassoshiestratspardrs t hat

hi gh- concentration n-type Si can be rendered porous (R P.

Hol mstrom and Jalso (e ,refgyuledRhys. Lett., vol. 42, 386 15 (1983)) so
that it is inportant to choose the substrate whi ch can be rendered
porous, irrespectivetagoyding 4o this methgge. since the porpmmuke did i con
can be forned by anodizing the Si substrate in the HF solution. The
porous | ay®r hageraraied istldgditiede tpj kbespengimphenterd medhistesinthehout
10[err] to 10nmin dianeter arranged at interxgls of about 10[err]
to porous layer, the depth of the separated region is not

dispersed in the porous layer. Thus, even if the ratio
of etching selectively porous silicon is insufficient,
porous silicon can be removed for substantially a

10 constant time so that the uniformity of thickness of
the single-crystal silicon layer provided on the
support substrate is not spoiled.

In the conventional method of producing the bonded

substrates, the Si substrate is gradually removed from

15 one side thereof through grinding or etching. Thus, it
is impossibie to effectively use both sides of the Si
substrate for bonding to the support substrate. On the
other hand, according to the present invention, the Si
substrate is held in the initial state other than its

20 surface layers so that, by using both sides of the Si
substrate as the main surfaces and bonding the support
substrates to the sides of the Si substrate,
respectively, two bonded substrates can be
simultaneously produced from one Si substrate. As

25 appreciated, also in this case, the Si substrate can be
recycled as an Si substrate after removing the

remaining porous Si.



10nm The density thereof can be changed in the range of 1.1to

0. 6g/ cnB by changi ng the HF sol ution concentration in the range of
50 to 20% and by changi ng 25 the current density, as conpared with the
density 2.33g/cnferr] of the singlgzcrystal Si. That is, the
porosity can be changed Al t hough the den5| ty of

- 39 - porous Si is no nore than half as conpared with the
single-crystal Si as described above, the nonocrystal l i ne property
i's maintained so that the single-crystal Si layer can be

epi taxi al -grown at ttise suppontppribgiatiteoimayhbepoforsekayple, diolbyer, at
t he tenperature no less than 1,000[err]C, rearrangenent of the

i nt ernal hol es transsitialsiidubdteate; elsacht Bsgant 8hi sgbstrate, an Si
characteristic. In viewof this, it has been said that t he | ow

t enper at ur e gr osubstsatkd wisth e sidlicon exrileafilhOforned t tixémdomyr ot h, t he
pl asma CVD, the vacuum CVD, the optical CVD, the bias sputtering or
the liquid siligp@glasomubstrate 95 @ géﬁsﬁhéubﬁttﬁkﬁ!aloﬁr@mwﬂﬂ t he
Si | ayer. 01 the other hand, if a protective film formed in

advance onSthe PRPELIRIGs Rt (IRF ﬁ&ré’&é’ulléﬁéy liglte@) thez#& of the met hod

o | tEmerat e GLIRLAD B cormegt B At SOV TP,

in density to Si substrate may be, for example, a non-porous single-

crystal Si film, a compound semiconductor film of such

as GaAs or InP, a metal film or a carbon film, but not

10 particularly limited thereto. Further, the thin film
is not necessarily formed all over the porous Si layer,
but may be partially etched by the patterning process.
[First Embodiment]

As shown in Fig. 1A, an Si single-crystal

15 substrate 11 is first prepared and then rendered porous
at its surface layer. Numeral 12 denotes the obtained
porous layer. As shown in Fig. 1B, at least one kind
of noble gas, hydrogen and nitrogen is ion-implanted
into the porous layer 12. Then, a porous layer 13

20 having large porosity is formed in the porous layer 12.
The charge condition of the implanted ions is not
particularly limited. The acceleration energy is set
such that the projection range corresponds to a depth
at which the ion implantation is desired. Depending on

25 the implantation amount, the size and the density of
the micro-cavities to be formed are changed, but

approximately no less than 1x102®/cm? and more



no nore than half due to the formation of a |lot of the I nterna
cavities therein. As a result, since the 20 surface area is greatly

i ncreased as conpared with the vol une, the chem cal etching speed
thereof is extremely increased as cofgared with the etching speed of
t he normal single-crystal |ayer. Al t hough t he nechani ca
strength of porous Si 25 di ffers depending on porosity, it is considered
to be smal l er than that of bulk Si. For exanple, if porosity

is 50% the nmechanical strength can be considered to be

- 40 - priefefrable bul&l*/Sptci fuleal |9etbign theC prpriessiva,

tensile or shear force is applied to the bonded wafers, t he porous
Si layer is firgangeptorbd. ddgpehe Poe cshanneling idrs impdlasdsedont haypor ous
| ayer can be ruptured with a 5 weaker force. The present

i nvention sinul bgnespdpyedol vaftenhecthe impldngradysimg ther ibeas probl enms by
superposing a finer porous structure in the foregoing porous |ayer.
It has been fouftgegtaenrtwhenPeriermgd Areardingfto necesgiitiyeasnoneski nd of
nobl e gas, _hydrogen and nitrogen is perforned into the porous |ayer

with a propecti8f the Peaf RHEAIRRT AETITRIGS Saing dhe peiddpiadt ed

region Is o chBEERASET ML AL M I %I RlAled 15 BLAN €

attention should be given to prevent the Si region from
being all changed into silicon oxide due to overmuch
oxidation.
i0 When the light of a mercury lamp, a xenon lamp or
the like is applied to the thus produced sample as the
light of shorter wavelength, the sample emits the red
light around 780nm. That is, the photoluminescence is
confirmed. Or an EL (Electroluminescence) element can
15 be formed.
In Fig. 1B, the semiconductor substrate of the
present invention is shown. The layer 13 is the porous
Si layer with the large porosity obtained as the result
of the foregoing ion implantation. The fine porous
20 structure showing the luminous phenomenon is formed
uniformly in large area all over the wafer. Further,
the metallic luster is held on the surface, that is,
" not showing the stain manner as in the prior art, so
that metallic wiring can be easily arranged.
25 [Second Embodiment]
As shown in Fig. 2A, an Si single-crystal

substrate 21 is first prepared and then rendered porous



| ayer using an electron mcroscope, a lot of mcro- 15 cavities were

formed in the pore walls of the porous | ayer forned in advance.
Specifically, the fine porous structure was fornmed. Upon irradiation
of ultraviol et light, the |um nous phenonenon at the wavel ength
around 700nm was confirnmed. 20 | f choosing further

I npl ant ati on conditions, porous silicon can be separated at a depth
corresponding to the projection range of the ion i mpl ant ati on.

The separation can be inproved in uniformty or 25 achieved with |ess

i npl ant ation ameunti ey shierdicBdlafer. Num@ENRNZE deddids fiHeMabraim@gpor e
wal | s of porous silicon using the nethod of particularly | ow
tenperature porous layer. As shown in Fig. 2B, at 4kast one kind

oxi dation. The separation can be facilitated by appl yi ng the heat
treatment after diheobde igagl, ahydrbgan and nitrogen Bys iigm-impllamttiedg at

| east one kind of noble gas, hydr ogen and nitrogen into the porous
layer with a  Sntoprtbeepoironsr dayereddur ebhent ¢ dayaust il@yesf (don-east
one | ayer of non-porous film such as a non-porous si ngl e-crystal

silicon |ayer, dmpdended dpVPEIn2drhaving largeRATASIAY i RRERSH, ibhe
porosity of the inplanted IS increased.. If such an Si substrate is
bonded to the the porous layer 22. The charge condition of the
implanted ions is not particularly limited. The
acceleration energy is set such that the projection
range corresponds to a depth at which the ion
10 implantation is desired. Depending on the implantation
amount, the size and the density of the micro-cavities
to be formed are changed, but approximately no less
than 1x10'*/cm? and more preferably 1x10'%/cm?. When
setting the projection range to be deeper, the
15 channeling ion implantation may be employed. After the
implantation, the heat treatment is performed or at
least one of compressive, tensile and shear stresses is
applied to the wafer in a direction perpendicular to
the surface according to necessity, so as to divide the
20 semiconductor substrate into two at the ion-implanted
layer as a border. In case of the heat treatment
atmosphere being the oxidizing atmosphere, the pore
walls are oxidized so that attention should be given to
prevent the Si region from being all changed into
25 silicon oxide due to overmuch oxidation.

In Fig. 2C, the extremely thin porous substrate

obtained by the present invention is shown. Since the



10 support substrate and then the bonded substrates are subj ect ed

to the mechanical force or the heat treatnment, or even w thout such
processes, the bonded two substrates can be separated into two at a
portion of the porous silicon |ayegswhere ions are inplanted. 15

By supporting both sides of the ion-inplanted | ayer with a fully
thick elastic or rigid body, the separation can be achi eved
uniformy over the |arge area. Further, it is possible to facilitate
t he separation of the substrates by applying the heat 20

treatment, the doFiidH diheahd lsudseriateatarts spéntaneousByhgidratitse

Even if non-fornmation regions of the inplanted | ayer are fornmed due

to presence of hdwet firertgentaidrerthe 1ike as ahérsggéncduelpon the i on
i npl antation, since the 25 mechani cal strength of the porous |ayer

itself is intgmidlerstdens dotkogucedhuponpthat foplaeearion n thee
porous | ayer. Thus, the bonded two substrates can be

- 42 - extrgRely dhin PeFouUS: BESURFUFReCRP bR stoFmnedanifprnly t he
non- porous_singl e-crystal Si | ayer. In other words t he phenomenon

of the seprati®dht Qfehdhesubstdake- The PeEpscPfnbhe BIFAYR) for the

mani festation fromthe tine 5 of i nplantation ang t he %iqg of heat
treatment: and %Fructure are formed from one main surface of the

substrate toward the other main surface. Accordingly,
when the gas is implanted under pressure from the one
main surface, it is ejected out from the other main

10 surface. In this case, since the pore size of the
porous structure is in the range from several
nanometers to several tens of nanometers, the particle
greater than this can not pass therethrough. On the
other hand, although the pressure loss is caused

15 depending on the pore size, the pore density and a
thickness of the extremely thin porous substrate, the
strength of the substrate and the pressure loss can be
both within the practical range if the thickness of the
porous layer is approximately no more than 20um.

20 [Third Embodiment]

As shown in Fig. 3A, an Si single-crystal
substrate 31 is first prepared and then rendered porous
at its surface layer. Numeral 32 denotes the obtained
porous layer. Subsequently, as shown in Fig. 3B, at

25 least one layer 33 is formed on the porous layer. The
film to be formed is arbitrarily selected from among a

single-crystal Si film, a polycrystalline Si film, an



condition of inplantation such as an anmount of I mpl ant ed beam and

energy thereof. Further, the | ayer having a | arge porosity nay be
formed at a region of a constant depth fromthe surface of the
porous |ayer by 10 controlling the candgtLon at the anodi zati on.

Further, by selectively renoving the porous Si | ayer remai ning on
the surface of the separated substrate using the nethod of etching,
polishing or the i ke, the single-crystal Si layer is exposed on the
15 support substrate. On the other hand, after renoving t he
remai ni ng por ouam&@phdle S RKilwst reatmetadn fidmagai gompound fornmed with
porous silicon, then formed with a single- crystal Si |ayer and

subj ect ed t o t heenbrondypttoxn afilen a supercbnductiuvet fohe anddthe nobl e gas,
hydrogen and 20 nitrogen into the porous layer with the projection

range ensured, hbdethen bonded to a support substrate. That is, the
Si substrate can be recycled Furt her | substrate, mnth t he

porous silicon |ayer®s shown gy Fig. n&c'l?tséﬁﬁéﬁtéﬂgtﬁlPﬂéoﬂé%? b}¢ eat nent
el Te 205, | SoR P SBRECS dano i st et Becl %
o g YAl B AR M SR, e 26, Ao, e
porosity is formed in the porous layer 32. The charge
condition of the implanted ions is not particularly
limited. The acceleration energy is set such that the
10 projection range corresponds to a depth at which the
ion implantation is desired. Depending on the
implantation amount, the size and the density of the
micro-cavities to be formed are changed, but
approximately no less than 1x10/cm® and more
15 preferably 1x10%%/cm?. When setting the projection
range to be deeper, the channeling ion implantation may
be employed. After the implantation, the heat
treatment is performed according to necessity. In case
of the heat treatment atmosphere being the oxidizing
20 atmosphere, the pore walls are oxidized so that
attention should be given to prevent the Si region from
being all changed into silicon oxide due to overmuch
oxidation.
When the light of a mercury lamp, a xenon lamp or
25 the like is applied to the thus produced sample as the
light of shorter wavelength, the sample emits the red

light around 780nm. That is, the photoluminescence is



| ayer to the support substrate, the Si substrate can al so be

recycl ed. According to this nethod, since the portion to be 5
separated is limted to the ion-inplanted region in the por ous

| ayer, the depth of the separated region i,g not di spersed in the
porous |ayer. Thus, even if the ratio of etching selectively porous
silicon is insufficient, porous silicon can be renoved for
substantially a 10 constant time so that the uniformty of thickness of
the single-crystal silicon |layer provided on the support substrate

IS not spoiled. confirmed. O ad ML, GRMHNY oaal beetbesleal produci ng the
bonded substrates, the Si substrate is gradually renoved from 15
one side thereof throngleEyreXshertt drs etedliirgd b¥hfisrmihg a is

i mpossible to effectively use both sides of the Si ~ Substrate for
bondi ng to t he sopgptricsidistwheam sOvaliemge is appilied hand, pareesdi ng to
the present invention, the Si substrate is held in the initial state
other than its laper haviigice langs poresiiat foppedsingthetposewes of the Si

substrate as the main surfaces and bondi.ng the support substrates to
the sides Bf thba¥ershpdieans of ion implapdeiiee pnd: G Borbad st®Strates
can be si mul t aneousl y produced fromone Si_substrate. As 25

appreci at ed, al S¥3PRLE hiWRSIIHING §° SHBSFFAtR t4h BRFOUS. the Elycled as
an Si SUbStrateefé&é%trfgn¥gé¥kéégaby impléh q%b”%ﬂgsBREQEEns%nd sO
forth in porous layer 122 including porous layer 123
having a large porosity from the surface in a manner of
10 making the ion reach a region of a constant depth from
the surface, or by diffusing the ion by means of heat
diffusion etc., to form a p-n junction in porous layer
123 having a large porosity or in neighborhood thereof.
A portion 127 is an n-region of the porous layer having
15 a large porosity, which region is obtained as a result
of the above-mentioned process.

Electrodes 125 and 126 are secured with the
substrate and the surface of the porous portion. The
electrodes may be formed in the side of the surface of

20 the porous portion by a process comprised of forming
epitaxial Si layer 124 on the porous portion prior to
the formation of the electrode and then forming the
electrode thereon (see Fig. 12C). Further, as shown in
Fig. 12D, the epitaxial Si layer may be removed partly

25 as the occasion demands so as to facilitate the
penetration of the light of the EL.

In Fig. 3B, the semiconductor substrate of the



- 44 - The support substrate may be, for exanple, a |ight
transmttable substrate, such as an Si substrate, an Si substrate
with a silicon oxide filmformed thereon, a silica glass substrate
or a glass substrate, or a netal 5 S trate, but not particularly
limted thereto. : The thin filmfornmed on the porous Si |ayer on
t he Si substrate may be, for exanple, a non-porous single-

crystal Si film a conpound sem conductor filmof such as GaAs or
InP, a netal filmor a carbon film but not 10 particularly limted

thereto. Furthgresbh® thi8ntidMis showds NMele FaG@Spairbuy Eerueduskl over
the porous Si | ayer, but may be partially etched by the patterning

process. shbiwifly ERbotimiEfdls phenomenon iAs felmed uniFbgmlfAinan Si
single-crystal 15 substrate 11 is first prepared and then rendered
por ous aflarte avedaskl | ayer . thkumsfdr .12 Faettbers the wobtalhid
porous | ayer. As shown in Fig. 1B, at |east one kind of nobl e gas,
hydrogen and ni luegjen is hehdiom| e espirface, thattoishenpdr showingethe?2.
Then, a porous |ayer 13 20 having large porosity is formed in the
porous | ay8r 12cracks orThee chbf®eas okilitheoPrdPrt BET, nfPakbPad i ons i s not
particularly Iimted. The acceleration energy is set such that the
proj ecti on rang@e&aliispoihuing =ap deptepsily arrgng@fi-ch the ion

i mplantation is _desired. Depending on 25 t he i nplantation amount, the
size and the dehEPPytRsEmbodimenth 1 cro-cavities to be formed are changed,

but As shown in Fig. 4A, an Si single-crystal

substrate 41 is first prepared and then rendered porous

10 at its surface layer. Numeral 42 denotes the obtained
porous layer. Subsequently, as shown in Fig. 4B, at
least one non-porous thin film 43 is formed on the
porous layer. The film to be formed is arbitrarily
selected from among a single-crystal Si film, a

15 polycrystalline Si film, an amorphous Si film, a metal
film, a compound semiconductor film,'a superconductive
film and the like. Or an element structure such as a
MOSFET may be formed.

As shown in Fig. 4C, at least one kind of noble

20 gas, hydrogen and nitrogen is ion-implanted into the
porous layer 42 so as to form an implanted layer 44.
When observing the implanted layer by a transmission
electron microscope, formation of numberless micro-
cavities can be seen. The charge condition of the

25 implanted ions is not particularly limited. The
acceleration energy is set such that the projection

range corresponds to a depth at which the ion



approximately no |l ess than 1x10[err]/cnferr] and nore

- 45 - preferably 1x10[err]/cnferr]. Wen setting the projection
range to be deeper, the channeling ion inplantation may be enpl oyed.
After the inplantation, the heat -tggatnment is performed according to
necessity. In case 5 of the heat treatnent atnosphere being the

oxi di zi ng at nosphere, the pore walls are oxidized so that

attention should be given to prevent the Si region from bei ng al
changed into silicon oxide due to overnuch oxi dation. 10

When the |ight iofplamtertdony ilsadesizedenobepengimg on the impd dnitiadiion
applied to the thus produced sanple as the | i ght of shorter

wavel engt h, themaundi, e the sdzehanfdeghe density pf EheuHEIIBERHitHeS s,

t he phot ol um nescence is confirmed. Or an EL (Electrol um nescence)
el enent can 15t0 b figgmedgare changed, byf gppro’fately Jkhil&Sfduct or

substrate of the esent _invention_is shown. l,ayer. 13 is the
por ous §h§’hﬁé‘rlq}\np/'[qwgt ARd| BPHR BEPERTY %\81{{]’%0;1[%“3;5 t HBSResul t

of the foregoin ant at.i on. The structure show ng

the |um nols p ﬁﬁﬂﬁﬁi?ﬂ%39689ﬁ851°“ raLb%ﬁF&Sﬁ%f e?é%%%ut area all over
}2? waf er . Furtéggﬁneling io%hﬁmgﬁgﬂkkkioh“ﬁéﬁrbé§e£5ﬂé§éﬁlt'R%é%ﬁ*%ﬂ%?’ t hat

implantation, the heat treatment is performed according
to necessity. In case of the heat treatment atmosphere
being the oxidizing atmosphere, the pore walls are

10 oxidized so that attention should be given to prevent
the Si region from being all changed into silicon oxide
due to overmuch oxidation.

As shown in Fig. 4D, after abutting a support

substrate 45 and the surface of the first substrate

15 with each other at room temperature, they are bonded to
each other through anodic bonding, pressurization, heat
treatment or a combination thereof. As a result, both
substrates are firmly coupled with each other.

When single-crystal Si is depositéd, it is

20 preferable to perforﬁ the bonding after oxidized Si is
formed on the surface of single-crystal Si through
thermal oxidation or the like. On the other hand, the
support substrate can be selected from among an Si
substrate, an Si substrate with a silicon oxide film

25 formed thereon, a light transmittable substrate such as
quartz, a sapphire substrate and the like, but not

limited thereto as long as the surface serving for the



not showi ng the stain manner as in the prior art, so that netallic
W ring can be easily arranged. 25 [ Second Enbodi nent ] As
shown in Fig. 2A, an Si single-crystal substrate 21 is first

prepared and then rendered porous - 52 - -
46 - at its surface layer. Nuneral 22 denotes the obtained

porous | ayer. As shown in Fig. 2B, at |east one kind of nobl e gas,
hydrogen and nitrogen is ion-inplanted into the porous |ayer 22.
Then, a porous |ayer (ion- 5 i npl anted | ayer) 23 having |arge porosity
is formed in bondindeipafnallsy |#Hstr. 2Thel bendliatgmagobdi pepBobhed hin

i nplanted ions is not particularly limted. The accel erati on energy
is set such thathtée pltiysctitdn an insuladrigg tbineppetdsihbenpdspdh at
which the ion 10 i nplantation is desired. Depending on the

i mpl ant ati on  therebgiwegrn. t he size and the density of the micro-cavities

to be fornmed are changed, but approximately no | ess t han
1x10[err]/cnferr] arﬁpi?ﬁﬁ@%%r dtrey spbstraitep/ erpefiyidegpneh the

setting the pro ectjon range to be deep erh the 15 channel ing_ion
i npl ant ati ® %0 Laygpt ét fifte the pPoTopfpPintayeent2t FEideat

Shear i1 e'sieé’eééi” ”‘*ﬂl mq%m 5% HE8&PEr™ s HBREFEES| $1Ber pond cul ar
to includes the porous Si layer 42, the non-porous thin

film (for example, the single-crystal Si layer) 43 and

the second substrate 45.

10 Further, the porous Si layer 42 is selectively
removed. In case of the non-porous thin film being
single~-crystal Si, only the porous Si layer 42 is
subjected to the electroless wet chemical etching using
at least one of the normal Si etching liquid,

15 hydrofluoric acid being the porous Si selective etching
liquid, a mixed liquid obtained by adding at.least one
of alcohol and hydrogen peroxide water to hydrofluoric
acid, buffered hydrofluoric acid, and a mixed liquid
obtained by adding at least one of alcohol and hydrogen

20 peroxide water to buffered hydrofluoric acid, so as to
render the film formed in advance on the porous layer
of the first substrate remain on the second substrate.
As described above in detail, only the porous Si layer
can be selectively etched using the normal Si etching

25 liquid due to the extensive surface area of porous Si.
Alternatively, the porous Si layer 42 may be removed

through selective polishing using the single-crystal Si



the surface according to necessity, so as to divide the 20

sem conduct or substrate into two at the ion-inplanted | ayer as a
border. In case of the heat treatnent at nrosphere bei ng the oxidizing
at nosphere, the pore wal I's are oxi @jzzed so that attention should be
given to prevent the Si region frombeing all changed into 25
silicon oxide due to overmuch oxi dati on. In Fig. 2C, the
extrenely thin porous substrate obtai ned by the present invention is
shown. Since the - 47 -

di vi si on of thelaybst43atas sa aedébisping aneppdry. upon t he heat
treatnent or the like as a trigger due to the I nternal stress

i nt roduced upon the Inptaseadf othe tdmmpound segwicopducyorhilaygor fosmed
structure can be fornmed uniformy 5 all over the substrate. The pores
of the porous on thespepeusrkayewr, fankiedhe eorons Hai hayerfddeisf the
substrate toward the other main surface. Accordingl when t he gas
is inplanted unéEbJﬁ@é%@u?@ chemignle efthing u81nsa¢§esa#¢héeg liquidej ect ed
out fromthe other main surface. In this case, since the pore size

of the 5 pBRLER E??uE?%r%F?%F??1?ﬁﬁ?%%%ui?eﬁﬁoﬁP§e§érEFlatlve to

nanoneters to sgveral t ens,of nano rs t he particl greater than

this can not pa Eetﬁ%?gf?ﬁ%nﬁﬁpl 50T, SO 3§ rrﬁgﬂar BP?hough t he

pressure |oss i%hf@ﬂgggs—reduced single-crystal compound semiconductor
layer 43 remain on the insulating substrate 45.
Alternatively, the porous Si layer 42 is removed

10 through selective polishing using the single-crystal

compound semiconductor layer 43 as a polishing stopper.
In Fig. 4F, the semiconductor substrate of the

present invention is shown. On the insulating

substrate 45, the non-porous thin film, such as the

15 single-crystal Si thin film 43, is formed in large area
all over the wafer, flatly and uniformly reduced in
thickness. The semiconductor substrate thus obtained
can be suitably used also in view of production of the
insulated electronic element.

20 The Si single-crystal substrate 41 can be reused
as an Si single-crystal substrate 41 after removing
remaining porous Si and after performing surface-
flattening if the surface flat property is bad to an
extent which is not admissible.

25 Alternatively, a non-porous thin film may be again
formed without removing porous Si so as to provide the

substrate as shown in Fig. 4B, which is then subjected



15 depending on the pore size, the pore density and a t hi ckness

of the extrenely thin porous substrate, the strength of the
substrate and the pressure | oss can be ~ both within the practical
range if the thickness of the poroyg Layer is approxi mately no nore
than 20[err]m 20 [ Third Enbodi nment] As shown in Fig. 3A
an Si single-crystal substrate 31 is first prepared and then
render ed porous at its surface layer. Nuneral 32 denotes the

obt ai ned porous | ayer. Subsequently, as shown in Fig. 3B, at 25

| east one | ayert@3the gmyamssamn shoempdnolisgksayd€. toTAE. filmto be
formed is arbitrarily selected from anong a single-crystal Si film
a pol ycrystal | i beifSh fEnbndigrent] - 48 -
anor phous Si film a netal film a conpound sem conductor film a
super conductive fil rAsirihqwie in Fig. PSpgean Si single-cmgs®mbwn in Fig. 3C,
at | east one kind of noble 5 as, hydrogen_and nitrogen is

i on-inpl anted iFHRSEFRES 51 1S Fdrais Prapered2andhEhen o pieRRd |RgRIUS4
having SU8e oSS IS el Ie PALusal2ves 02 Jhe charge
accel erati on eNELONd SRCTRANI Forbl 160ersP” ObERLLENAENPS SO T esPONdS

shown in Fig. 5B, at least one non-porocus thin film 54,

55 is formed on each of the porous layers. The film to

be formed is arbitrarily selected from among a single-

10 crystal S8i film, a polycrystalline Si film, an
amorphous Si film, a metal £film, a compound
semiconductor film, a superconductive film and the
like. Or an element structure such as a MOSFET may be
formed.

15 As shown in Fig. 5C, at least one kind of noble
gas, hydrogen and nitrogep is ion-implanted into the
porous layers 52 and 53 so as to form implanted layers
56 and 57. When observing the implanted layers by a
transmission electron microscope, formation of

20 numberless micro-cavities can be seen, and accordingly
the porosity enlarges. The charge condition of the
implanted ions is not particularly limited. The
acceleration energy is set such that the projection
range corresponds to a depth at which the ion

25 implantation is desired. Depending on the implantation
amount, the size and the density of the micro-cavities

to be formed are changed, but approximately no less



lon inplantation is desired. Depending on the I npl ant ati on anount,
the size and the density of the mcro-cavities to be forned are
changed, but approximately no less than 1x10[err]/cnierr] and nore
15 preferably 1x10[err]/cnferr]. Weng ?etti ng the projection

range to be deeper, the channeling ion inplantation may be enpl oyed.
After the inplantation, the heat treatnent is performed according to
necessity. In case of the heat treatnent atnosphere being the

oxi dizing 20 at nosphere, the pore walls are oxidized so that

attention shoul th&e DkMEM/ & DAY abiret peeBeraely olxI0®em®. Whepei ng al |
changed into silicon oxide due to overnuch oxi dati on.

When the |ight séteimerthe \prajgrtioneragel aopberdedper, the |ike is
applied to the thus produced sanple as the | i ght of shorter

wavel engt h, t heclsammslingriion tivpleedation mayi hat empboyed 780kfver e i s,

t he photolun1nescence S - 49 -
confirnmed. O abElantaion. dde hestotFegatment is perfonped @mcedrddng s
realized bg formng a construction where a voltage is applled to a
por ous I%‘*}/é?e%ﬁ’rﬁ;}’ -a 1% §8SFoPSsithe P%?"ﬁeﬁr‘?"f‘\t’f‘%t PR ReEphers

| ayer by neans of . ion inplantation and so forth For exanpl e, when
turning p[err] ReHd rthe ﬁﬁﬁ9§U§% BEEG the pore walls are

oxidized so that attention should be given to prevent
the Si region from being all changed into silicon oxide
due to overmuch oxidation.

10 As shown in Fig. 5D, after abutting two support
substrates 58 and 59 and the surfaces of the non-porous
thin films 54 and 55 of the first substrate with each
other at room temperature, they are bonded to each
other through anode bonding, pressurization, heat

15 treatment or a combination thereof. As a result, the
three substrates are firmly coupled with each other.
Alternatively, the bonding may be performed in five
plies with insulating thin plates interposed
therebetween.

20 When single-crystal Si is deposited, it is
preferable to perform the bonding after oxidized Si is
formed on the surface of single-crystal Si through
thermal oxidation or the like. On the other hand, the
support substrate can be selected from among an Si

25 substrate, an Si substrate with a silicon oxide film
formed thereon, a light transmittable substrate such as

quartz, a sapphire substrate and the like, but not



element is realized by inplanting phospho-ion and so forth in porous
| ayer 122 including porous |ayer 123 having a | arge porosity from
the surface in a manner of 10 maki ng the ion reach a region of a
constant depth from the surface, oggby diffusing the ion by means of
heat diffusion etc., to forma p-n junction in porous |ayer

123 having a large porosity or in neighborhood thereof. A portion
127 is an n-region of the porous |ayer having 15 a large porosity,
which region is obtained as a result of the above-nentioned process.
El ectrodes 125 angitd§ Bherstsud£diong ad fthe surfaceubkeirvihg fod the
surface of the porous portion. The el ectrodes may be fornmed in the
side of the surpafiging i20fully hElgtor ous portion by a process conprised of
form ng epitaxial Si layer 124 on the porous portion prior to

the formati on of the Bhecbhonditngampy hen desrfisomed Hae three pdliestvote
thereon (see Fig. 12C). Further, as shown in Fig. 12D, the epitaxia
Si layer may bearehpselaphng | hipplatednternasess tbergbraasnso as to

facilitate the %ﬁgenetration of the |ight of th%'EL.
Fig. 3B, the senicondyeseauRRbLYys dihe sfulgigates are divided at the

- 50 - ioﬁ[fﬁgfgn{gge{§§é¥g'§%fﬁHHng Eg?t En%ogghgu§isiggg£gre

52 and 53 (Fig. 5E). The structure of each of the two

In

support substrate sides includes the porous Si layer
52, 53, the non-porous thin film (for example, the

10 single-crystal Si layer) 54, 55 and the support
substrate 58, 59.

Further, the porous Si layer 52, 53 is selectively
removed. In case of the non-porous thin film being
single-crystal Si, only the porous Si layer 52, 53 is

15 subjected to the electroless wet chemical etching using
at least one of the normal Si etching liquid,
hydrofluoric acid being the porous Si selective etching
liquid, a mixed liquid obtained by adding at least one
of alcohol and hydrogen peroxide water to hydrofluoric

20 acid, buffered hydrofluoric acid, and a mixed liquid
obtained by adding at least one of alcohol and hydrogen
peroxide water to buffered hydrofluoric acid, so as to
render the film formed in advance on the porous layer
of the first substrate remain on the support substrate.

25 As described above in detail, only the porous Si layer
can be selectively etched using-the normal Si etching

liquid due to the extensive surface area of porous Si.



showi ng the | um nous phenonenon is fornmed uniformy in | arge area

all over the wafer. Further, the netallic | uster is held on the
surface, that is, not show ng the 5 cracks or the like as in the prior
art, so that metallic wiring can 'bﬁerSi | y arranged. [ Fourth
Enbodi ment | As shown in Fig. , an Si single-crystal

substrate 41 is first prepared and then rendered porous 10 at its
surface layer. Numeral 42 denotes the obtained por ous | ayer.
Subsequently, as shown in Fig. 4B, at | east one non-porous thin film
43 is fornmed onatBernativelpOrens ponfis shhddyermslg B8 faynbd is
arbitrarily sel ected fromanong a single-crystal Si film a 15

pol ycryst al | i ner8motedl mthasughosghmrtsi v follinshimgmeksdhg the sifhgler a
conpound sem conductor film a superconductive filmand the like. O
an el enent strucrustatush bayer 54, 55 MesSREEpoldphliegf stopger. As
showmn in Fig. 4C, at |east one kind of noble 20 gas, hydrogen and
nitrogen is ion-inplintedsémd the compound semicondyeton?2lsyersfoomédr m an
i npl anted | ayer 44. When observing the inplanted | ayer by a

transnmissi§n  on the|BRTPWH HRYIDs P, WS POICYS S AaWBEr PéssSHi 8%0-
CauTLLes, Ca e e AE S L LD OL NS (2 crohRLA S hons | o
the projection _.; h nh@"B8 COLLESRONAS 9P JeRlN (2L Wi gy Lbeokop,
the compound semiconductor, so as to render the
thickness-reduced single-crystal compound semiconductor

10 layer 54, 55 remain on the insulating substrate.
Alternatively, the poroﬁs Si layer 52, 53 is removed
through selective polishing using the single-~crystal
compound semiconductor layer 54, 55 as a polishing
stopper.

15 In Fig. 5F, the semiconductor substrates of the
present invention are shown. On the support
substrates, the non-porous thin films, such as the
single-crystal Si thin films 54 and 55, are formed in
large area all over the wafer, flatly and uniformly

20 reduced in thickness, so that the two semiconductor
substrates are simultaneously formed. The
semiconductor substrates thus obtained can be suitably
used also in view of production of the insulated
electronic elements.

25 The first Si single-crystal substrate 51 can be
reused as a first Si single-crystal substrate 51 after

removing remaining porous Si and after performing



- 51 - I npl antation is desired. Depending on the inplantation
anount, the size and the density of the mcro-cavities to be forned
are changed, but approximtely no | ess than 1x10[err]/cnferr] and
nmore preferably 1x10[err]/cnferr]. Wen_ gy _ setting the projection range
to be deeper, the channeling ion inplantation my be enpl oyed. After
t he I npl antation, the heat treatnent is perforned according

to necessity. In case of the heat treatnent atnosphere bei ng t he

oxi di zi ng at nosphere, the pore walls are 10 oxi di zed so that attention
shoul d be gi vensunfacevebattening ifhetHs swagiaoe fflam bebpgray| ishhadged into
silicon oxide due to overnmuch oxidati on. As shown in
Fig. 4D, after &buahi egtensuppbch is not =Wlistsidtle.45Adtvdrhheiveiyace of
the first substrate 15 with each other at roomtenperature, they are
bonded to nopzpAreud cthimrHilgh na diec ageian ﬁ@rmsﬂeysﬁhpzﬁt i on, heat
treatment or a conbination thereof. As a result, both substrat es are
firny coupl ed W‘-F‘ﬁvéﬁ@hp%?%% Si so as to prgyddesithg subFysele & s
deposited, it is referable tq performthe bondi_.ng after oxidized Si
i s \50rrre§h8Wnt ke Ehgfa%%' dfhigh gise -teps sypisctef, gﬂgﬁ he t her mal

oxidation or the |ike. t he ort substrate can

be sel ect ed froﬁFgﬁ%ﬁﬁeﬁnS%?W“ ¥ han%cr él:[o 5Fan §Pesﬁﬁ§P?5Fe with a
silicon oxide flshﬁé{:@étes gé’r%?éj §§1% Ot o c%@%g%&?? gég?égls‘yp&grate

such as uar re s rate an not
each other.

[Sixth Embodiment]
10 The sixth preferred embodiment will be described
with reference to Figs. 8A to 8E.

First, a single-crystal Si substrate 100 is
anodized to form a porous Si layer 101 (Fig. 8A). In
this case, a thickness to be rendered porous is in the

15 range from several micrometers to several tens of
micrometers on one surface layer of the substrate. It
may be arranged to anodize the whole Si substrate 100.

The method of forming porous silicon will be

explained using Figs. 11A and 11B. First, as the

20 substrate, a p-type single-crystal silicon substrate
600 is prepared. An n-type may also be used. However,
in this case, it is necessary that the substrate is
limited to a low-resistance substrate or that the light
is applied onto the surface of the substrate so as to

25 facilitate generation of the holes. The substrate 600
is set in an apparatus as shown in Fig. 11A.

Specifically, one side of the substrate is in contact



limted thereto as long as the surface serving for the

- 52 - bonding is fully flat. The bonding may be perfornmed in
three plies with an insulating thin plate interposed t her ebet ween.
Subsequently, the substrates are divided gy the 5 i on-inplanted | ayer
44 in the porous Si layer 42 (Fig. 4E). The structure of the second
substrate side I ncl udes the porous Si |ayer 42, the non-porous thin
film(for exanple, the single-crystal Si |ayer) 43 and t he second
substrate 45. 10 Further, the porous Si l|ayer 42 is selectively
removed. In caseitdf & hhydmrflpordgs achidnsbilutioni g4 having sthefeinry/ st al
Si, only the porous Si layer 42 is subjected to the el ectrol ess wet
chemni cal etchi meastine electroge 688st wbhdéeothehether neldsickt® ng | qui d,
15 hydrofluoric acid being the porous Si selective etching | i quid,

a mixed |iquid SRR P IRGRGLaCY with gneositive petal SipFtrade
hydr ogen peroxi de water .to hydrofluoric aci d., buf ed_ hydrofluoric
i e SR, badn, casyhaEn; Fh 5191 chlt.

acid, and a m 1i ohe of al cohol

and hydrogen | es BROUIE.MBLET 08 DHLLELEdoIKIr OLLypaLs AGigh 50 as Lo

render the fil Ce ONn the*porous er of the first

substrate rennjébfﬁ%fggaéﬂﬂgqndlﬁygﬁ&rggge, the substrate is first

rendered porous from the negative electrode side
abutting the hydrofluoric acid solution. As the
hydrofluoric acid solution 604, concentrated

10 hydrofluoric acid (49%HF) is used in general. As
diluted by pure water (H,0), although depending on
current values, etching occurs from a certain
concentration so that it is not preferable. During
anodization, bubbles aré generated from the surface of

15 the substrate 600. Alcohol may be added as a surface
active agent for effective removal of the bubbles. As
alcohol, methanol, ethanole, propanol, isopropanol or
the like is used. Instead of the surface active agent,
an agitator may be used to agitate the solution so as

20 to achieve anodization. The negative electrode 606 is
made of a material, such as gold (Au) or platinum (Pt),
which does not corrode relative to the hydrofluoric
acid solution. A material of the positive electrode
605 may be metal which is used in general. On the

25 other hand, since the hydrofluoric acid solution 604
reaches the positive electrode 605 when anodization is

achieved relative to the whole substrate 600, it is



As descri bed above in detail, only the porous Si |ayer can be

sel ectively etched using the normal Si etching 25 | iquid due to the
extensive surface area of porous Si. Al ternatively, the porous S

| ayer 42 may be renoved t hrough sel ggtLve polishing using the
single-crystal Si - 53 -

| ayer 43 as a polishing stopper. In case of the conmpound

sem conductor | ayer forned on the porous |ayer, only the porous S
| ayer 42 is subj ected to chem cal etching using the etching liquid
5 which has tpeefsestins t83 cduatg thecetirfareSofr ehat pyeitive t he
conpound sem conductor, so as to render the t hi ckness-reduced

si ngl e-cryst al ebapoumte 06 cortduet ovetal filml ghiéch48sreasistire ttwe

i nsul ating substrate 45. Alternatively, the porous Si layer 42 is
renoved 10 t¥eeuyreflaanice 558l SOLE108) ngThe emaxHELR -@ExRant
conmpound sem conductor |ayer 43 as a polishing stopper. ) In Fig.
AF, the sem cont@ti®rffnadizatden 4§ severa ppéggﬁ?d$ e A5 s shown.
On the insulating. substrate 45, the_non-poroys thin fi]l]m such as
the 15  Ssingfibits ythe miayin UcrpRtsTalie FBPREHOF i At sy

all over the mafﬁé fl.atly and ugif.orni L& uceguiniS %{Régmess. The
semi conduct or sUBSTF AT HFE bt arned ¥ antbe su??%%’fy Used Al so in

view of prOdUCt%ﬁg]fgnéé“%here the good-quality epitaxial growth is
achieved on the surface of porous silicon. In general,
as the current value increases, the anodization speed
10 increases and the density of the porous Si layer
decreases. That is, the volume of the pores increases.
This changes the condition of the epitaxial growth.
On the porous layer 101 thus formed, a non-porous
single-crystal silicon layer 102 is epitaxial-grown
15 (Fig. 8B).
Subsequently, the surface of the epitaxial layer
102 is oxidized (including thermal oxidation) so as to
form an Si0, layer 103 (Fig. 8C). This is necessary
because, if the epitaxial layer is directly bonded to
20 the support substrate in the next process, impurities
tend to segregate at the bonded interface and dangling
bonds of atoms at the interface increase, which will be
causes for rendering unstable the characteristic of the
thin film device. However, this process is not
25 essential, but may be omitted in case of a device
structure wherein such phenomena are not serious. The

Si0, layer 103 works as an insulating layer of the SOI



I nsul ated el ectronic elenent. 20 The Si single-crystal substrate

41 can be reused as an Si single-crystal substrate 41 after renoving
remai ning porous Si and after perform ng surface- ~ flattening if the
surface flat property is bad to an - eaxtent which is not adm ssible.
25 Al ternatively, a non-porous thin filmmy be again for med
W t hout renoving porous Si so as to provide the substrate as shown
in Fig. 4B, which is then subjected _

- 54 - to the processes shown in Figs. 4C to 4F. [Fifth
Enbodi ment ] substrate /@ng rhenlich ba Forfied an 8it 3ergteoneysidé of
substrate 51 is first prepared and then rendered porous 5 at both

surface | ayers thersepstragentqibe dpnged .53 There argemardousonamearsed
orous |ayers. Subsequent]ly, as . shown in Fig. 5B, at |east one
ﬁon-poroug thin§#¥lﬁ? ?tlgh of the jinsudatd@dora¥gsh of the porous |ayers.

The filmto formed.is arbitrari sel ected from anmong_a single-
Si fi|$r‘?9%{‘p‘2if’;&3r%?s‘%“a| 3 lééﬁﬁﬁnf)faﬁhe oxidized rbhbus Si

10 crystal _ _

film a netal f} . 4. Sem_conduct or il| a superconducti ve

filmand the ién%effﬁggP%&ﬂaﬁagggﬁ%hﬁssffﬁgtﬁ%elgﬁ Hegéeap FET may be

f or nmed. contamination taken into the bonded interface from the
atmosphere.

Thereafter, the foregoing ion implantation is
performed so as to form a layer with large porosity in

10 the porous Si layer 101.

The substrate 100 having the foregoing epitaxial
surface with the oxidized surface and a support
substrate 110 having an SiO, layer 104 on the surface
are prepared. The support substrate 110 may be a

15 silicon substrate whose surface is oxidized {(including
thermal oxidation), quartz glass, crystallized glass,
an arbitrary substrate with SiO, deposited thereon, or
the like. A silicon substrate without the 8i0, layer
104 may also be used as the support substrate.

20 The foregoing two substrates are bonded together
after cleaning them (Fig. 8D). The cleaning is
performed pursuant to the process of cleaning (for
example, before oxidation) the normal semiconductor
substrate.

25 By pressurizing the whole substrates after the
bonding, the bonding strength can be enhanced.

Subsequently, the bonded substrates are subjected



15 As shown in Fig. 5C, at |east one kind of noble gas,

hydr ogen and nitrogen is ion-inplanted into the porous | ayers 52 and
53 so as to forminplanted | ayers 56 and 57. When observing the

i mpl anted | ayers by a transm ssi-omg2eklectron m croscope, formation of
20 nunberl ess mcro-cavities can be seen, and accordingly t he
porosity enlarges. The charge condition of the I npl anted 1ons is not
particularly limted. The accel eration energy is set such that the
proj ection range corresponds to a depth at which the ion 25

i npl ant ati on i §odtherkert tegawrpnty odlthoughplthet higbar temperahwo@t, the

size and the density of the mcro-cavities to be fornmed are changed,
but approxinatéﬁypﬁ%f?E%%le for the heat treatment, if it is too - 55 -

then aaofert] (cater ) snd gor S pref bl rdlerclLgngrr ], veer
[ antt Ton ay. e Sopl et ATl gy RLASLE SN LB PR
reat et 52 TOSINgLEaco pona N1 1 1 Q0 3080 SHEOSBNEARLaL EppLS VOl |
S G on 11 OTuek o o 0BRGP SAlGER Bkpea e andleug over et

which does not cause them. Specifically, about 600 to

1,100°C is preferable. On the other hand, there is such
a substrate that can not be subjected to the thermal

10 treatment at the high témperature. For example, in
case'of the support substrate 110 being made of quartz
glass, it can be subjected to the thermal treatment
only at the temperature no greater than 200°C due to
difference in thermal expansion coefficient between

15 silicon and gquartz. If exceeding this temperature, the
bonded substrates may be separated or ruptured due to
stress. The thermal treatment is sufficient as long as
it can endure the stress upon grinding or etching of
the bulk silicon 100 performed in the next process.

20 Accordingly, even at the temperature no greater than
200°C, the process can be performed by optimizing the
surface processing condition for activation.

Then, by the foregoing method, the substrates are
separated into two at the porous Si layer having the

25 large porosity. The layer having the large porosity

~can be formed by altering current in the anodization,

besides the ion implantation.



substrates 58 and 59 and the surfaces of the non-porous thin filns

54 and 55 of the first substrate with each ot her at room
tenperature, they are bonded to each ot her through anode bondi ng,
pressuri zation, heat 15 treatment ot @ conbination thereof. As a
result, the three substrates are firmy coupled with each other.
Alternatively, the bonding may be perfornmed in five plies with
insulating thin plates interposed t her ebet ween. 20 When
single-crystal Si is deposited, it is preferable to performthe
bondi ng after oxidi SedsSquently, thefsihbdonnsubrtrakd partgionsil®§ e-cryst al
Si t hrough thermal oxidation or the like. On the other hand, the

support substr & e @@r§éﬁe§?€ﬁlPFoﬁphnﬁﬁ% %ﬁ#%ﬁtliﬁiy refigyed adh an Si
substrate with a sili.con oxi (dthereon a light

e fil
transmttabl e %te@i‘tt@’%ﬁ‘&hg gyer 1b2 rﬁ'ﬂ%’r’ﬁ’zng Bigm s )e' supst and the
| i ke, but not

56
linmted theretd3®&io8gthe £RE §HP?5E§t§e}§|?EF?%ﬂeqfua bonding is

fully flat r.f or e plies with
an insul atsl ng thin ahgt e“.ﬁ?‘e‘?% sB %%r e%e’f‘%i 48 dHted bd U Subsequent |y,
the substrates g . |on-|nplanted | ayers 56 and 57 in
t he porous Si Iaf%pgi%gd§g°égsggg'

{1) A thickness of the wall between the adjacent holes
in the oxidized (preoxidation) porous silicon layer of
the pore internal walls of the porous layer is very

10 small, that is, several nanometers to several tens of
nanometers. Thus, if the high-temperature process is
applied to the porous layer upon formation of the
epitaxial silicon layer or upon heat treatment after
bonding, the pore wall may agglomerate to be enlarged

15 so that the pore wall may clog the pore to lower the
etching speed. In view of this, after formation of the
porous layer, a thin oxidized f£ilm is formed on the
pore wall so as to suppress the enlargement of the pore
wall. On the other hand, since it is necessary to

20 epitaxial-grow the non-porous single-crystal silicon
layer on the porous layer, it is necessary to oxidize
only the surface of the pore inner wall such that the
monocrystalline property remains inside the pore wall
of the porous layer. It is preferable that the

25 oxidized film to be formed is in the range of several
angstroms to several tens of angstroms. The oxidized

film of such a thickness is formed through the heat



52 and 53 (Fig. 5E). The structure of each of the two suppor t

substrate sides includes the porous Si |ayer 52, 53, the non-porous
thin film(for exanple, the 10 single-crystal Si layer) 54, 55 and the
support substrate 58, 59. ~ 64 -Further, the porous Si |ayer
52, 53 is selectively renmoved. In case of the non-porous thin film
bei ng single-crystal Si, only the porous Si layer 52, 53 is 15

subj ected to the el ectroless wet chem cal etching using at | east one

f th | Si_etchi Jiquid, hydr of | ' id bei th

2 LEF Ve oA 4 Yryoen neREABRPH L B o
I t ' o uoric
hord but fer ed T Ao FLE07 7080 M GUTR BELRULBLYe386C T RN L

addi ng at Ieastﬁéyme dfﬂ@?%h%%kﬁﬂ@t?¥9588§” peroxi de water to
, SO as'to

buf fered hydrofl uori ¢ aci render the filmformed in

advance on the porougd d¢esent inveggoggehggéséﬁmﬁﬂ a%l%remai n on the

support substrate. 25 As descri bed above I n deta y the porous S

| ayer 5 carpdyisach ¥e.y epb6Bed21si 8hat heches the &t NG
liquid due to the extensive surface area -of porous Si.

- 57 - trefltimentatiny ehp, hyiecgenoasmSephaye) wallbIdiphriss
renoved t hrough sel ective polishing using the single-

on the silicon surface can be removed to obtain the
very smooth silicon surface. Alsc in the present
invention, the baking in the hydrogen atmosphere can be

10 applied. The hydrogen baking can be performed, for
example, after formation of the porous silicon layer
and before formation of the epitaxial silicon layer.
Apart from this, the hydrogen baking can be performed
to the SOI substrate obtained after etching removal of

15 the porous silicon layer. Through the hydrogen baking
process performed before formation of the epitaxial
silicon layer, a phenomenon that the pore surface is
closed due to migration of silicon atoms forming the
porous silicon surface. When the epitaxial silicon

20 layer is formed in the state where the pore surface is
closed, the epitaxial silicon layer with less crystal
defects can be achieved. On the other hand, through
the hydrogen baking process performed after etching of
the porous silicon layer, the epitaxial silicon

25 surface which was more or less roughened by etching can

be smoothened, and boron from the clean room inevitably

taken into the bonded interface upon bonding and boron



crystal Si layer 54, 55 as a polishing stopper. In case of the
conpound sem conduct or | ayer forned 5 on the porous layer, only the
porous Si layer 52, 53 is subj ected to chenical etching using the
etching liquid whi ch has the greatéﬁ etching speed for Si relative
to t he conpound sem conductor, so as to render the

t hi ckness-reduced single-crystal conpound sem conductor 10 | ayer 54, 55
remain on the insulating substrate. AIternat:veLy, the_porgﬁs S

| ayer 52, 53 is . r sel ective.palishin sing e
si%gle-crystal tﬁggmgf%%ﬁ%ﬁﬁ%%ﬁ%%ﬁﬁgggluc g%aﬁééérg%4?a§§9agrﬁmp8¥?shlng

stopper. 15  porous!és H.de:‘.‘_’FcarL% Sefigaaduct or substrates of the
present invention are showl. On the support substrates, the

non- porous t hi n{§&vE%th SkRbbnd e single-crystal Si thin filnms 54
and 55, are forned in | arge area all over the wafer, flatly and
uniformy 20 I edrise e verl th GlASSsTre0 chitdtiihBRt! Y01 $ePb CQOLUEE I 5

substrates are sinmultaneously formed. The sem conduct or substrates
thus obt ai Bed cahthersfetearity to Figs.uved tal 9.1 NNuReWaDE DhOBUGE | ogp Of the
I nsul at ed el ectronic elements. 25 The first S

si ngl e-crystal Bob¥e rehiclslaxmthse same asr éhosd 48 BifsIS8ASto 8E
single-crystal substrate 51 after renovi ng renmai ni ng porous Si and

after perfornjnﬁepresent the same portions in Figs. 8A to-8K8 -In the
embodiment shown in Figs. 8A to 8E, the surfaces of the
two substrates to be bonded are the Si0, layer 103 and
10 the SiO, layer 104. However, both of these surfaces are
not necessarily the SiO, layers, but at least one of
them may be made of Si0,. In this preferred embodiment,
the surface of an epitaxial silicon layer 1102 formed
on a porous silicon layer is bonded to the surface of
15 an oxidized film 1104 formed on a silicon substrate
1110, and the surface of an oxidized film 1103 formed
by thermal oxidation of the surface of the epitaxial
silicon layer 1102 is bonded to the surface of the
silicon substrate 1110 which is not oxidized. In this
20 preferred embédiment, the other processes can be
performed as in the embodiment shown in Figs. 8A to 8E.
[Eighth Embodiment]
The eighth preferred embodiment will be described
with reference to Figs. 10A to 10G. Numerals in Figs.
25 10A to 10G which are the same as those in Figs. BA to
8E represent the same portions in Figs. 8A to 8E. In

this preferred embodiment, it is characterized in that



surface-flattening if the surface flat property is bad to an extent

which is not adm ssible. Alternatively, a non-porous thin filmmy
be again formed w thout renoving porous Si so as to provide the
substrate as 5 shown in Fig. 5B, whitH8 s then subjected to the
processes shown in Figs. 5C to 5F. The support substrates 58 and 59
are not necessarily identical with each ot her. [ Sixth

Enbodi nent] 10 . The sixth preferred enbodiment will be descri bed
with reference t,0_Fi I -crystal Si
substrate 100 |% Sﬁbg%ra%é %8 %dtto arsfﬁl%suoardc?us ?mﬁ%ayér%l (F| g. 8A).
I'n this %ﬁi%ax%a&hb‘iﬂééﬁ EP1e; & %’Qfé et %Orgq‘é%s' maltdrile 15

range fromseveral mcroneters to several tens of m croneters on one
surface layer ofiaibe subst A3t uattz grlass dRbIRR Yiadzded rhotaradi ze the
whol e Si substrate 100. he met hod of form ng porous silicon
wi |l be explrairped dmbogifess, ddepithxiHEl Jiliton Q%ybb}ell@.@
substrate, a p-type single-crystal silicon substrate 00 is
prepared. An n-tgpkofrdgdatsothe gbesk diyebste 1210, and &R &xﬁasgedlt is
necessary that the substrate is limted to a | owresi stance
substrate or th&ilmhélPBghormed by themppl iceddaition o€ thef aoefatet bE
substrate so as to 25 facilitate generation of the holes. The

substrate 600 the epitaséelinibiceppiryaisdP dolendedritg. theaglass

Specifically, one side of the substrate is in contact
substrate 1210. 1In this preferred embodiment, the

other processes can be performed as in the embodiment

10 shown in Figs. 8A to B8E.

Hereinbelow, the present invention will be
described in detail using concrete examples. However,
the present invention is not limited thereto.

[Example 1]

15 A first p- or n-type (100) single-crystal Si
substrate having 625um in thickness, 0.01Q+*cm in
resistivity and 6 inches in diameter was anodized in an
HF .solution.

The anodization condition was as follows:

20 Current Density: 5 (mAecm™?)

Anodization Solution: HF:H,0:C,HOH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 10 (pm)

Porosity: 15 (%)

25 Subsequently, He' ions of 5x10%®/cm? were implanted
into the porous side of the substrate at acceleration

voltage of 30keV. Then, the substrate was subjected to



- 59 -
negative

with a hydrofluoric acid solution 604 having therein a
el ectrode 606, while the other side of the substrate is in

contact with a positive netal el ectrode 605. On the other
Fig. 11B, a 5 positive elect®dde 605 nay also be provi ded in

“shown in
a

porous fromthe negative el ectrode side
acid solution. As the hydr of | uori ¢ acid sol uti on 604, concentrated

solution 604'. In any case, the substrate is first

e mater (1porfedfibar (Eidtilons 40 Hhd-B IR yaoilin for & HOE T

occurs froma certal ?)éﬁﬁgﬁugf%glﬁa}da ?Ignglbabsa ilgée%grable

Duri ng

the substrate 69Qe s£$§£%5%

et hanol e,

sol uti on

anodi zat I on S are generate

hand, as

r ender

abutting the hydrofluoric

| ut ed by

ace of 15

ﬂ%%é%%éﬂéeﬁ%fatﬁgrE%ﬁellght W1€ﬁt'Ve agent
for effective renoval of the bubbl es. al cohol ; net hano

ed

propapglelés@et ORFAld F50nm was CoRfliiedl, s used. Instead of the
surface active agent, an agitator nay be used to agitate the

sB as [ERampl® arhi eve anodization. The negative el ectrode 606 is

made of a material, such as gold (Au) or platinum (Pt), whi ch does

not corrode rel ati verdo f£ihesthyhiofdeudqriio®) singlaccgysehit son.

the positive el ectrode
substrates each having 625um in thickness, 0.0lQecm in

resistivity and 6 inches in diameter were prepared,

one of them was anodized in an HF solution.
10 The anodization condition was as followé:
Current Density: 5 (mAscm?)
Anodization Solution: HF:H,0:C,HOH=1:1:1
Time: 12 (minutes)
Thickness of Porous Si: 10 (pm)
15 Porosity: 15 (%)

He' ions of 5x10'%/cm® were implanted into the

A materi al

and

porous side of the anodized substrate and the surface

side of the other substrate at acceleration voltage of

30keV. Subsequently, phosphorus ions of 5x10*/cm? were

20 implanted into the porous side of the anodized

substrate and the surface side of the other substrate

at acceleration voltage of 100keV. Then, these

substrates were subjected to the heat treatment at 850°C

in the vacuum for 8 hours. Further, ITO electrodes

25 were deposited on the surfaces.
"When the voltage was applied between the Si

substrates and the ITO electrodes, luminescence of

of



605 may be netal which is used in general. On the 25 ot her hand, since

the hydrofluoric acid solution 604 reaches the positive el ectrode 605
when anodi zation is achieved relative to the whole substrate 600, it
S - 68 60 - preferable to
coat the surface of the positive el ectrode 605 with a netal film
which is resistive to the hydrofluoric acid solution. The maxi num
current val ue for anodization is several hundreds of mA/cnferr], 5
while the mninmumcurrent value_therefor is arbltrar ot her than

zero. This curr ¥avevgngeh; argerd A0y was con lrWQQeaFaﬁﬁé RAREPESt he
good-quality ep xi_al | eved on the surface of_ porous

silicon. In genngﬁtratgrOmﬁéﬁet+ﬁpfﬁﬁ§?ﬁﬂc§uﬂQﬁaQPHbF€E§é§m hetakBRi zati on
speed 10 8tﬁgse%ugngaE§ density of the porous Si |ayer
That ’

decr eases. of the pores increases. Thi s changes

the condition ofglha | gaxi al growt h. On the porous |ayer 101
E L .

thus forned, a Eon pgggusfl single-crystal silicon layer 102 is

epi taxial -grown 15 myo(Figst or n-t 1009V RSB0y stheggur face of

t he epitaxial |ayer 10 |s]6;?d3§§a((lé§lud|%§ the¥ % o§?dat|on) SO

as to f osibatroteh esadh | BkRIng G Al Gn 8Blickhbss,i 5. 0868835
because, if the epitaxial layer is directly bonded to
resistivity and 6 inches in diameter were prepared, and
one of them was anodized in an HF solution.
The anodization condition was as follows:
10 Current Density: 5 (mA;cmq)

Anodization Solution: HF:H,0:C,HOH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 20 (pm)

Porosity: 15 (%)

15 The anodized substrate was oxidized at 400°C in the
oxygen atmosphere for 1 hour. Through the oxidation,
the pore inner walls of porous Si were coated with a
thermal-oxidized film. Subsequently, hydrogen ions of
1x10'/cm? were implanted all over the porous side of

20 the porous substrate and all over the other substrate
at acceleration voltage of 0.76MeV.

When these substrates were subjected to the heat
treatment at 1,000°C in the vacuum for 1 hour, the
porous layer was separated uniformly all over the

25 substrate with a thickness of about lpm corresponding
to the ion-implanted region, while a lot of swells like

blisters were only formed at the non-porous substrate.



20 the support substrate in the next process, inpurities tend to

segregate at the bonded interface and dangli ng bonds of atons at the
interface increase, which will be causes for rendering unstable the
characteristic of the thin filmde¥i%e. However, this process is not
25 essential, but may be omtted in case of a device structure
wher ei n such phenonena are not serious. The Si2 |layer 103 works as
an insulating | ayer of the SO - 61
- sugg%ggéfeagg shoul d be formed on at |east one side of _
the substrate t e pbonded. There are various manners for formation

of the insulating | aye _ i dag | asthickness, of the
oxidized film 5 A ?érEEtPtE¥%F\é59ﬁ§¥ﬁ%¢§?% S %%glo Eiﬁﬁ#ﬁgﬁ%geof

cont am nati on ¢ AKeRakNSskl o ROAIRILE! AU LA Bess sty TBEENC! €

Thereafter, the toregoing ron inplantation is orme 0 as to

forma layer w ghih8heg PR'@SAhdtdH wald anodibedahOls AF LBYGEidAl.
The substrate 100 havi ng the foregoing epitaxial surface with the

oxi di zed sgrface andrhesafipditation corfliiSicrawasli@ Eavisgsan SiJerr]
| ayer 104 on the surface are prepared. The support substrate 110 may
be a 15 si |l i con GubséntitBendiose: s f(ade ams? oxi di zed (i ncl udi ng

Anodization Solution: HF:H,0:C,H,OH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 10 (pm)

10 Porosity: 15 (%)

The substrate was oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with a thermal-
oxidized film. Using the CVD (chemical vapor

15 deposition) method, single-crystal Si was epitaxial-
grown by O.lmm on porous Si. The growing condition was
as follows:

Source Gas: SiH,Cl,/H,

Gas Flow Rate: 0.5/180 1l/min

20 Gas Pressure: 80 Torr

Temperature: 900 °C

Growing Speed: 0.3 pm/min

He' ions of 5x10'®/cm? were implanted into the
porous side of the anodized substrate and the surface

25 side of the other substrate at acceleration wvoltage of
30keV. Subsequently, phosphorus ions of 5x10*/cm? were

implanted into the porous side of the anodized



thermal oxidation), quartz glass, crystallized gl ass, an arbitrary

substrate with Si 2 deposited thereon, or the like. A silicon
substrate without the SiJerr] |ayer 104 may al so be used as the
support substrate. 20 The foregoVfg-two substrates are bonded

t oget her after cleaning them (Fig. 8D). The cleaning is

performed pursuant to the process of cleaning (for exanpl e, before
oxi dation) the normal sem conductor substrate. 25 By

pressuri zing the whol e subg% tes after bondi n t he bondi ng

strength can beSERER he Surfac@uﬁ%é&u@ﬁtF§e HRe dﬁﬂﬁﬂzgﬁ%%trates

are subj ected

the heat treatn® tacaﬁ%?1?ﬁﬁ?qI%?H?ﬁﬁﬁe?ftéﬂgg?gtur%Pen éhe%% preferable
for the heat tr%ﬁ?é@?&teé‘héﬂé'éﬁbb%%teﬁato tﬁégﬁﬁa{hgré5¥ ﬁed -

tends to cause struct nge or ITpUI’I IES CO

the 5  subsiyahgt A%%sgkh&asgerl §tﬁo‘g{1§ ePkE AL, Vﬁﬁgh does not

Thus, it is necessary to select tenperature and tine

cause fhens Spegiddtaldds vBielaepRR1tAa on thelsdPPlEs) Cis preferable.
the other hand, there is such a substrate that can not be subjected

to the thermal 10 whdn ealeT®iltaget hashhgpliedrssthese. thd @i exanple, in
case of the support substrate 110 bei ng made of quartz
substrate and the ITO electrode, luminescence of
wavelength around 750nm was confirmed at the porous
substrate.
10 [Example 5]

Two first p- or n-type (100) single-crystal Si
substrates each having 625um in thickness, 0.0l1fecm in
resistivity and 6 inches in diameter were prepared and
anodized in an HF solution.

15 The anodization condition was as follows:

Current Density: 5 (mA¢cm™?)

Anodization Solution: HF:H,0:C,H,OH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 3 (um)

20 Porosity: 15 (%)

The substrates were oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-~
oxidized films. Using the CVD (chemical vaéor

25 deposition) method, single-crystal Si was epitaxial-
grown by 0.15um on porous Si. The growing condition

was as follows:



glass, it can be subjected to the thermal treatnent only at the
tenperature no greater than 200[err]C due to difference in thernal
expansi on coefficient between 15 silicon and quartz. |If exceeding this
tenperature, the bonded substrates?kay be separated or ruptured due
to stress. The thermal treatnent is sufficient as |long as It
can endure the stress upon grinding or et chi ng of the bulk silicon
100 performed in the next process Accordi ngly, even at the

tenperature no great r]C, the process can be perforned
by optim zing the ébu} :sur aceSBT Qggﬁing condition for activation.

h b he f t ted to t
Then, by the foregoigg, rﬁ&pgﬁaﬁ]ehe ?El?’?tl%? €Smihe separated into two

at the porous Si |ayer havin e porosity. The layer having
the large porosity gag pr&diie f @omed Ry alterlng current in the

anodi zat i on, besi des the ion inplantation.

- 63 - TempreRairNt | 5ot be silicon substrate portion 100

and the porous portion 101 are selectively renoved with t he

epi taxi al $ayer 102 G]Qﬂailrfy Bpedd:g. 08B) ymlmihhi s fashion, the SA
substrate is obtained. The foll owm ng processes may be added to
t he f or egoi nghmﬂtses,sm Si0, laydd)ofA 100raknRass fdrmdde onalhebet ween

t he adj acent hol es _
surface of each epitaxial Si layer through thermal

oxidation.
Subsequently, He' ions of 1x10Y/cm®? were implanted
10 into the porous side of only one of the substrates at
acceleration voltage of 50keV.

The surface of the 5i0, layer and the surface of a
separately prepared support Si substrate formed with an
$i0, layer of 500nm were overlapped and abutted with

15 each other, and subjected to the heat treatment at
1,000°C for 2 hours so as to increase the bonding
strength. Then, the two substrates were complétely
separated at a position corresponding to the projection
range of the ion implantation. The separated surfaces

20 were observed in detail using an optical microscope,
but exposed portions of the initial bonded interface
were not found. On the other hand, no change on the
outward appearance was caused on the substrate which
was not subjected to the helium ion implantation, and

25 the substrates remained bonded to each other. Thus,
the porous Si substrate side of the bonded substrates

(not subjected to the helium ion implantation) was



i n the oxidized (preoxidation) porous silicon |ayer of t he pore

internal walls of the porous layer is very 10 small, that is, several
nanoneters to several tens of nanonmeters. Thus, if the

hi gh-tenperature process is appl +et2te t he porous |ayer upon
formati on of the epitaxial silicon layer or upon heat treatnent
after bondi ng, the pore wall may agglonerate to be enlarged 15

so that the pore wall may clog the pore to | ower the et chi ng speed.
In view of this, after formation of the porous |layer, a thin

oxi di zed film iFTHGIIFIHG @hgrinder £57; Ehgnermal Seqirandirtar sthe

I t of th [ 1. A th hand [ t
LI o A LR, e kb e R e L 1 o
I th ; AV, L lS . [ di |y t
[ayer o0 e Pt beh8 R BREARICE? 8K Ukfio porndlathhe

property remai [0S e |1 of the porous layer. It is
Bt HR° opRely

preferable that t lzed filmto be formed is in the range of

several g angs TR dlfte3 SV ¢hal FB?Bﬁsoéiai‘Q%ée:g?fﬁnaﬂ%&%r{ji&Fed

filmof such a thickness is formed through the
- 64 - su é:fcﬁﬁi RiMstratehgiguygas agiostderth A riited YMIAH ©

of 200[err]Cto O[err]C, and nore preferably 250[err]C to 500[err]C
(2) Hydrogen Baki: &) lrfoad@ss hydrofluoric acid and 30% hydrogen
peroxide water for selective etching. Single-crystal
Si remained without being etched so that porous Si was
10 selective-etched using single-crystal Si as etching
stopper and fully removed.

The etching speed of non-porous single-crystal Si
relative to the etching liquid is extremely low so that
the ratio of etching selectively relative to the

15 etching speed of the porous layer reaches as much as no
less than 10° and the etching amount (about several tens
of angstroms) at the non-porous layer can be ignored
from a practical point of view.

Specifically, the single-crystal Si layer having

20 O.1lpm in thickness was formed on the Si oxidized film.
No change was caused on the single-crystal Si layer
even by the selective etching of porous Si.

As the result of section observation by a
transmission electron microscope, it was confirmed that

25 no new crystal defects were introduced into the Si
layer and the excellent crystalline property was

maintained.



The present inventors have shown in the 5 Publ i cati on No. EP553852A2
that, through the heat treatnent in the hydrogen atnosphere, smal
roughness on the silicon surface can be renoved to obtain the
very smooth silicon surface. Also in the pfesent i nvention, the
baki ng in the hydrogen atnosphere can be 10 applied. The hydrogen
baki ng can be perforned, for exanpl e, after formation of the porous
silicon |ayer and before formation of the epitaxial silicon |ayer.
Apart fromthis, the_hydrogen bakjng can he perforned . tq the SO
substrate obtained a?féiiggcﬁ?ﬁﬁktiﬁﬁﬁﬁﬁ %htéiﬂ$d)e?FW§WB§P8&§ 29FW&8H
ayer . Through 4 1€ YAt 08N cPRKI 89 tne ourPIACEY B LALTRA NG! ape

Si Tl phen hat" t he pore

formati on of the epriaxia con layer, a nenon

surface is 1avBlosed due to migration of silicon atonms forming the
porous silicon sufface. Wien the epitaxial silicon 20 | ayer is fornmed
in the state wheggakpeePgte surface is cl osed, the epitaxial silicon
| ayer with | ess crystal defects can be achieved. On the other hand,
through 5 t he hygpogensbaki ngr pi-oeRss (WOU PISiRglai-cefsetathsag of

the porous silicon |ayer, the epitaxial silicon 25 surface which was
nore or |ess rougbenedtby eachi hgvimpn 625pum irbecisimkmicaened. canedchoian from
the clean roominevitably taken into the bonded interface upon

bondi ng and bor eesistivity and 6 inches in diameter were prepgfed and
anodized in an HF solution.
The anodization condition was as follows:
10 Current Density: 5 (mAe¢cm?)
Anodization Solution: HF:H,0:C,H,OH=1:1:1
Time: 12 (minutes)
Thickness of Porous Si: 10 (um)
Porosity: 15 (%)

15 The substrates were oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
oxidized films. Using the CVD (chemical vapor
deposition) method, single-crystal Si was epitaxial-

20 grown by 0.15pm on porous Si. The growing condition

was as follows. The accuracy of the film thickness was

*2%.
Source Gas: SiH,Cl,/H,
Gas Flow Rate: 0.5/180 l1/min
25 Gas Pressure: 80 Torr

Temperature: 950 °C

Growing Speed: 0.3 pm/min



thermally diffused in the epitaxial Si layer fromthe porous S

| ayer can be renoved. [ Sevent h Enbodi nent ] The seventh
preferred enbodi nent will be described 5 withreference to Figs. 9A to
9G Nunerals in Figs. 9A to 9G whi’éh-are the same as those in Figs.
8A to 8E represent the sanme portions in Figs. 8Ato 8E 1In the
enbodi nent shown in Figs. 8A to 8E, the surfaces of the t wo
substrates to be bonded are the SiJerr] layer 103 and 10 the Sierr]
| ayer 104. However, _both of thesg. surfaces_a of necessarily the
Sigerr] |ayers, butF'é##%IéSta%néeﬁ)df aner Oft%g%“ﬁa‘f/a%ep%%focfn §qﬁ err].

In this preferrggrggggd£g§%£%PFﬁRitaxﬂz esﬁ”ﬁ%&%% Qkfggggﬁg§§§hgh silicon

| ayer 1102 forne ous silicon Fayer to the surface
of 15 an oxpgdiggdi&hl m 1104 formed on a silicon substrate 1110,
and the surface of an oxidized film 1103 forned by thernal oxidation
of the surface of theusgbd@hely, hydrogdnd ieRR bay&kibdlVem? sydeaded to the
surface of the silicon substrate 1110 which is not oxidized. In this
20 pref er r edigphagts@nintd henotgdfouy @adeseF onallybéne of theerformed as
I n the enbodi nent shown in Figs. 8A to 8E. [ Ei ght h Enbodi nent ]

The ei ght h pr ef substiratde datreatcalidrtathiondeodtagedof 50kevwi th reference to
Figs. 10Ato 10G Nunerals in Figs. 25 10A to 10G which are the sane as
those in Figs. 8A toThe surface epf ddwntSithelaper and ttlehssurfdiqgof @A to
8E. In this preferred enbodinent, it is characterized in that
separately prepared support Si substrate formed with an
$1i0, layer of 500nm were overlapped and abutted with
10 each other, and subjected to the heat treatment at
1,000°C for 2 hours so as to increase the bonding
strength. Then, the two substrates were completely
separated at a position corresponding to the projection
range of the ion implantation. The separated surfaces
15 were observed in detail using an optical microscope,
but exposed portions of the initial bonded interface
were not found. On the other hand, no change on the
outward appearance was caused on the substrate which
was not subjected to the hydrogen ion implantation, and
20 the substrates remained bonded to each other. The
porous substrate side of the bonded substrates (not
subjected to the hydrogen ion implantation) was ground
using a grinder for the normal semiconductor so as to
expose the porous layer. However, due to insufficient
25 grinding accuracy, a thickness of the remaining porous
layer was 1 to 9um.

Thereafter, the porous Si layer remaining on the



- 66 - a substrate bonded to a substrate forned with an

epitaxial silicon filmis made of a glass materi al 1210, such as
quartz glass or blue glass. In this preferred enbodi nent, an
epitaxial silicon [ayer 1102 5 i s borf®ed to the glass substrate 1210,
and an oxi di zed film 1103 fornmed by thermal oxidation of the surface
of the epitaxial silicon layer 1102 is bonded to the gl ass

substrate 1210. In this preferred enbodi nent, the ot her processes
can be perforned as in the enbodi nent 10 shown in Figs. 8A to 8E

Her ei nbel ow, t hEUBPEEENEUPHTERES FidR |Washegitated das@r MBEgd) SodutdPr using
CoTSCS a1y gt SR W ™
T B LD Tl
o100, o1 ors g MRG0 APULIGY Sy Lo 0.

et 5Pl e et Roed yotog singie-BiPissh?shroahsshipa
stopper and fully removed.

The etching speed of non-porous single-crystal Si
relative to the etching liquid is extremely low so that
the ratio of etching selectively relative to the

10 etching speed of the porous layer reaches as much as no
less than 10° and the etching amount (about several tens
of angstroms) at the non-porous layer can be ignored
from a practical point of view.

Specifically, the single-crystal Si layer having

15 O.1pm in thickness was formed on the Si oxidized film.
Thicknesses of the formed single-crystal Si layer were
measured at 100 points thereover. Uniformity of the
thicknesses was 10lnm * 3nm with the hydrogen ion
implantation, while it was 10lnm * 7nm without the

20 hydrogen ion implantation so that it was confirmed that
the thickness distribution was deteriorated due to
influence of dispersion of thicknesses of porous
gilicon.

Thereafter, the heat treatment was performed at

25 1,100°C in the hydrogen atmosphere for 1 hour.

When evaluating the surface roughness using an

interatomic force microscope, the mean square roughness



25 Subsequently, He[err] ions of 5x10[err]/cnferr] were inplanted

into the porous side of the substrate at accel eration vol t age of

30keV. Then, the substrate was subjected to

- 67 - the heat treatnent at 850ffrr]C in the vacuumfor 8 hours.

When the light of a nercury lanp was applied to t he substrate,

| um nescence of the red light with wavel engt h around 750nm was

confirmed. 5 [ Exanpl e 2] Two first p-type (100)

S|ngle crystal Si substrates, each havin mi i ckness
0.01[err]. cmlnat & SOumeSAUPpTSi T4 %?? qﬁ§%Whﬁ§Pg WePe®HH8par ed,

and one em was _anodi tion. 10 The

anodi zati on con tlgﬁ ﬁ:@lggnfo %SP 6Q éﬁb*ﬁéfﬁEéJ Current Density: 5

mA.
I(-lF HFg[r re]r rO] %:[ err] H ef r] &é‘nf]%ééﬂ' QF @é‘&’iér?;bbservatlorrﬁ rt])art 2

Thi ckness of PorQus ol ss18n(8Mctdén microscdi¥ OSit Yas %‘én(f?&med that

He[err] ions of oSxl10[err]/cnferr] were i npl anted into the por ous
side of theg anodizadysekybeal eagpectdenstss f Bvtroduced iwitde teke khe ot her
substrate at accel eration voltage of 30keV. Subsequently, phosphorus

i ons of 5x10[ er npyes] and] ther exc@0lent | cpystd ¥lirient @ridperyr @as si de of the
anodi zed
maintained.

Similar results were obtained even without forming
the oxidized film on the surface of the epitaxial Si

10 layer.

At the same time, the porous Si layer remaining on
the Si substrate side was also agitated in a mixed
solution (1:2) of 49% hydrofluoric acid and 30%
hydrogen peroxide water for selective etching. Single-

15 crystal Si remained without being etched so that porous
Si was selective-etched using single-crystal Si as
etching stopper and fully removed, and the Si substrate
could be again put into the porous-forming process.
[Example 7]

20 Two first p- or n-type (100) single-crystal Si
substrates each having 625pum in thickness, 0.01lQ¢cm in
resistivity and 5 inches in diameter were prepared and
anodized in an HF solution.

The anodization condition was as follows:

25 Current Density: 5 (mAe¢cm?)

Anodization Solution: HF:H,0:C,H,OH=1:1:1

Time: 12 (minutes)



substrate and the surface side of the other substrate at
accel eration voltage of 100keV. Then, these substrates were
subj ected to the heat treatnent at 850[eréJC in the vacuum for 8
hours. Further, ITO el ectrodes 25 wet ¢/ deposi ted on the surfaces.
When the voltage was applied between the Si substrates and the I TO
el ectrodes, | um nescence of - 68 -
wavel engt h around 750nm was confirmed at the porous substrate, while
| um nescence was not _confirned at_the .. her substrate.
[Exanple 3] 5 Thi SFintpﬁyog? %%tyﬁgs(@ﬁﬁf single-crystal S
substrates each havi r%%ék?tr]ﬂbi %shickness, 0.01[err].cmin
resistivity and 6 inches~ in*di aneter “were prepared, and one of them
was anodi zed in an Hg.S0LULI : 34, ' i ditd was
as follows: 10 THY 85%%gg?tfgng?f§:°x%97%§§2%?2?%?? b A4 bﬂ&&@n
Anodi zat i on Sol WinRphelds: Hher 1] RbEker rikfsud) Qiel dkibiation, the polkme: 12
(m nut es) Thi ckness of Porous Si: 20 (pm Porosity:
15 (% 155 innefh@aanedbzegosohist s 2t Red@Scontatl zatAttEd@Maarr ] C in the
oxygen atnosphere for 1 hour. Through the oxidation,

oxidized films. Using the CVD (chemical vapor

deposition) method, single-crystal Si was epitaxial-
grown by 0.55pm on porous Si. The growing condition

was as follows. The accuracy of the film thickness was

10 +2%.
Source Gas: SiH,Cl,/H,
Gas Flow Rate: 0.5/180 1l/min
Gas Pressure: 80 Torr
Temperature: 900 °C

15 Growing Speed: 0.3 pm/min

Further, an SiO, layer of 100nm was formed on the
surface of each epitaxial Si layer through thermal
oxidation.

Subsequently, hydrogen ions of 5x10'/cm® were

20 implanted into the porous side of only one of the
substrates at acceleration voltage of 100keV.

The surface of the Si0, layer and the surface of a
separately prepared support quartz substrate were
exposed to oxygen plasma, respectively, then overlapped

25 and abutted with each other, and subjected to the heat
treatment at 200°C for 2 hours so as to increase the

bonding strength. The sufficient pressure is applied



the pore inner walls of porous Si were coated with a

t hermal - oxi di zed film Subsequently, hydrogen ions of

1x10[err]/cnferr] were inplanted all over the porous side of 20 t he
porous substrate and all over the other sulfstrate at accel eration
vol tage of 0. 76MeV. When these substrates were subjected to the
heat treatnent at 1,000C in the vacuum for 1 hour, the por ous
| ayer was separated uniformy all over the 25 substrate with a

t hi ckness of ab (" Eeggh ﬁgg%?éggnggpgbn%ﬁ?%&%ié?tﬁgigéyyg IQaggd

region, while a 1ot of swe were only forned at the

non- porous SUbSHTQ 3 nd uniformly over the in-plane. Then, th8d -
[ Exanpl e 4] iplene aA f?rét p-t%pe (100) sinéie-crystal Si substrate

havi ng 625[ err] BorduhisikAgger RaQlifiidedMith 'GR Ht WHeY idpd 6
inches in dianmeter was anodi zed in an HF sol ution. 5 The
anodi zati on condinp1@ntwas ragibgl | ows: Current Density: 5
(m.cnferr]) Anodi zat i on Sol uti on: _
HF-H err] O5 err] H eon] €Helothér hand, when the Presklr@nwas €urther
Thi ckness of Porous Si: 10 ([err]m 10 Porosity: 15 (%
The substrate wappdied tedthe 40Dftrat€ (mot mubjeaimd to the hiydwegkere for
1 hour. Through the oxidation, the pore
ion implantation), the porous layer was ruptured into
two. However, when observing the divided porous
layers, cracks were introduced into portions of the
10 single-crystal Si layer so that the substrate could not
be put into the subsequent process.
Thereafter, the porous Si layer remaining on the
second substrate side was agitated in a mixed solution
(1:2) of 49% hydrofluoric acid and 30% hydrogen
15 peroxide water for selective etching. Single-crystal
Si remained without being etched so that porous Si was
selective-etched using single-crystal Si as etching
stopper and fully removed.
The etching speed of non-porous single-crystal Si
20 relative to the etching liquid is extremely low so that
the selection ratio relative to the etching speed of
the porous layer reaches as much as no less than 10° and
the etching amount (about several tens of angstroms) at
the non-porous layer can be ignored from a practical
25 point of view.

Specifically, the single-crystal Si layer having

0.5pm in thickness was formed on the Si oxidized film.



inner walls of porous Si were coated with a thermal - oxidized film
Using the CVD (chem cal vapor 15 deposi tion) nethod, single-crystal S

was epitaxial - grown by 0. 1nm on porous Si. The growi ng condition
was as follows: Source78as: SiHerr]d[err]/Herr]
Gas Flow Rate: 0.5/180 1/mn 20 Gas Pressure: 80 Torr
Tenperature: 900 [err]C G owng Speed: 0.3 [err]mmn
He[err] ions of 5x10[err]/cnferr] were inplanted into the por ous
f the other

side of the anogc_iézed substraje .and trt;needsur.fa e

25 l.d
substrate at actRFEFERPERS D (e 18 ¢ sin '5_5?%35:%515%%?%,W}ejﬁ%sphorus
tons of Sx10[erfl/cnl&srle W& points BV '[ﬂﬁ@,ﬁ?&@@%%ﬁéde of the

anodi zed substrate
and the surface,si Qstir : a ratj,on vol tage
of 100keV. ThenFﬁ%ggggéSég%gé su 1srtﬁlra't éle%v\‘grw é' tg ul%hgc%lgggts ggﬁhgbﬁeat

treat ment at 85_:erxﬁg£1]1€ation. in the argon atnosphere for 8 hours. Further,
ITO 5 el ectrodes were deposited on the surfaces. When t he
vol tage wag applied BeineePede tHe heat trEififlendt eva@ngewarinz@ gtectrode,

| um nescence of wavel engt h around 750nm was contirmed at the porous

1,100°C in the hydrogen atmosphere for 1 hour.

When evaluating the surface roughness using an
interatomic force microscope, the mean square roughness
at a 50pm square region was about 0.2nm which was equal

10 to the silicon wafer on the market.

As the result of section observation by a
transmission electron microscope, it was confirmed that
no new crystal defects were introduced into the Si
layer and the excellent crystalline property was

15 maintained.

Similar results were obtained even without forming
the oxidized film on the surface of the epitaxial Si
layer.

Using the CVD (chemical vapor deposition) method,

20 single-crystal Si was again epitaxial-grown by 0.55um
on porous Si remaining at the first substrate side.
The growing condition was as follows. The accuracy of
the film thickness was +2%.

Source Gas: SiH,Cl1,/H,

25 Gas Flow Rate: 0.5/180 1l/min

Gés Pressure: 80 Torr

Temperature: 900 °C



substrate. 10 [ Exanpl e 5] Two first p- or n-type (100)

single-crystal Si substrates each having 625[err]min thickness,
0.0l1[err].cmin resistivity and 6 inches in dianeter were prepared
and anodi zed in an HF solution. -180 - The anodi zati on
condition was as foll ows: Current Density: 5 (mA.cnferr])

Anodi zation Solution: HF-Herr]Oderr]Herr]OH=1:1:1 Tinme: 12
(m nut es) Thi ckness of Porous Si: 3 (pnm) 20 Porosity:

15 (% The sybstrates were oxi}ali,zed at 400[err]C in the oxygen
at nosphere for 1 houPTo¥hPrgugReefie oXiJHPGH™ t he pore i nner wal I s

f Si d witht - i di zed filns, i ng.the CVvD
O o e S pb v RS ke rvraly At TR B0, O
grown by 0'15[6%&L558Q099E93§ §£-1J@§r9££¥BJ5h‘%H&“d%fé&t reveal@ﬁa as

foll ows:

Source Gas: Si Hb%h%gg[, ehl/ BbREEL density was addiit MW f8he add %é%o

1/mn Pressure: 80 Torr Tenper at ur e: 0

[err]C 5 substrate could be again put into the processes of ion
implantation and bonding.

Similar results were obtained even without forming
the oxidized film on the surface of the epitaxial Si
layer.

10 [Example 8]

Two first p- or n-type (100) single-crystal Si
substrates each having 625um in thickness, 0.01Q+cm in
resistivity and 6 inches in diameter were prepared and
anodized in an HF solution.

15 The anodization condition was as follows:

Current Density: 5 (mAescm?)

Anodization Solution: HF:H,0:C,H,0OH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 10 (pm)

20 Porosity: 15 (%)

The substrates were oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
oxidized films. Using the CVD (chemical vapor

25 deposition) method, single-crystal Si was epitaxial-
grown by 0.15um on porous Si. The growing condition

was as follows. The accuracy of the film thickness was



5 G owing Speed: 0.3 [err]mmn Further, an SiJerr]

| ayer of 100nm was fornmed on the surface of each epitaxial Si |ayer

t hrough t her mal oxi dat i on. Subsequently, He[err] ions of
1x10[err]/cnferr] were inplanted 10 1 o t he porous side of only one of
t he substrates at accel eration voltage of 50keV. The
surface of the SiJerr] layer and the surface of a separately
prepared support Si substrate fornmed with an Sigerr] layer of 500nm
were overlapped Qd abutted with 15 each other, and subjected to the
heat treatnent at®- 1,000[err]C for 2 hours so as to increase the
bondi ng strength. Th .the, bstrates were conpletely

separated at a posi t|g8‘r%r%é(|)-r§§§bond]flls¥g f%#’c he projection range of the

ion inplantation. Thgagep%‘gtﬁgtéyrf(%cfga/sw@q/minv\ere observed in detail
usi ng an optical mcroscope, ut’ exposed portions of the initial

bonded i nterface Gas PBESsuPE: f osmdroi the other hand, no change on the

out ward appearance was caused on the substrate which was not

subj ected ts0 the hel rgipesatiusdt angsoican, and 25 t he substrates

remai ned bonded to each other. Thus, the porous Si substrate side
of the bonded substregiresing SpeednotOsiihymebtied to the heliumion

i npl antation) was - 72 -

Further, an Si0O, layer of 100nm was formed on the
surface of each epitaxial Si layer through thermal
oxidation.

10 Subsequently, helium ions of 1x10Y/cm? were
implanted into the porous side of only one of the
substrates at acceleration voltage of 100keV.

The surface of the Si0, layer and the surface of a
separately prepared support Si substrate formed with an

15 Si0, layer of 500nm were overlapped and abutted with
each other, and subjected to the heat treatment at 400°C
for 2 hours. The sufficient tensile force is applied
to the bonded wafers perpendicularly relative to the
in-plane and uniformly over the in-plane. Then, the

20 two substrates were completely separated at a position
corresponding to the projection range of the helium ion
implantation. The separated surfaces were observed in
detail using an optical microscope, but exposed
portions of the initial bonded interface were not

25 found.

On the other hand, when the pressure was further

applied to the substrate (not subjected to the helium



ground using a grinder for the normal sem conductor so as to expose

the porous Si | ayer. However, due to I nsuf ficient grinding accuracy,
t he whol e porous | ayer coul d not be exposed. 5 Thereafter,
the porous Si layer remaining on the = 82 support substrate side was
agitated in a m xed solution (1:5) of 49% hydrofluoric acid and 30%
hydr ogen peroxi de water for selective etching. Single-crystal

Si renai ned wi thout bei ng etched so that porous Si was 10

sel ecti ve- etched USJ rystal Si as etc PRSI, and
fully renoved. mplant C)etc 8°§8e15d(i Yeﬁoﬁa%o?%%%ué?%g B-%rystal

Si | at t hat
tlhe ratio (r)t(ca gt{ c|?ngqﬁéc]£e“¥b <?ef'ltve y re %’ltélE\Q}:eL ?o%%i%rgg?%aeéogﬁﬁf‘%gaspeed of
the porous Iaye{ %@ﬁé‘heéraﬁﬁ{ eain'%g‘oduce 111@33 @?or}g[@f rgnand the

et chi ng anount out’ several tens angst at the non-porous

| ayer can be 'gﬁﬁﬁ —cr stafr§¥“f%y%Ea%B'Qﬁhtpehétsﬁﬁsﬁié%é could not
Specifically, t Si ngl e crystal SI layer having 20 O.1[err]min

t hi ckness gas fpér@.dtoihﬁche;@ swhsdiqueatl brBtess. No change was caused
on the single-crystal Si |ayer even by the selective etching of

porous Si. Therssafiter,r ahid poabusesti bayebseenainimg byn athe
transm ssion el ectron mcroscope, it was confirmed that 25 no new
crystal defect ssuppert mulsducde iside whe 8Sgitated ihageniwed sdlbuekarel | ent
crystalline property was mai nt ai ned.
(1:2) of 49% hydrofluoric acid and 30% hydrogen
peroxide water for selective etching. Single-crystal
10 Si remained without being etched so that porous Si was
selective-etched using single-crystal Si as etching
stopper and fully removed.
The etching speed of non-porous single-crystal Si
relative to the etching liquid is extremely low so that
15 the selection ratio relative to the etching speed of
the porous layer reaches as much as no less than 10° and
the etching amount (about several tens of angstroms) at
the non-porous layer can be ignored from a practical
point of view.
20 Specifically, the single-crystal Si layer having
O0.1luym in thickness was formed on the Si oxidized film.
Thicknesses of the formed single-crystal Si layer were
measured at 100 points thereover. Uniformity of the
thicknesses was 10lnm * 3nm with the hydrogen ion
25 implantation, while it was 10lnm * 7nm without the
hydrogen ion implantation so that it was confirmed that

the thickness distribution was deteriorated due to



- 73 - Simlar results were obtained even wi thout formng

the oxidized filmon the surface of the epitaxial Si | ayer.

[ Exanpl e 6] 5 Two first p- or n-type (100) single-crystal S
substrates each having 625pmin thickness830-01[err].cmin

resistivity and 6 inches in dianeter were prepared and anodi zed in
an HF sol ution. The anodi zation condition was as follows: 10
Curant Pené}ty: 5 (mM.cnferr]) Anodi zati on Sol uti on:
HE-Herr]Oderr]Herr]OH=1:1:1 . T e '

Thi ckness of Po?%ﬁiu%?$el (%ﬁﬁperSlon of thﬁﬁﬁﬂ§55%§:g¥ggg&§ﬁg15

The substrates mgiecoxidized at 400[err]C in the oxygen at nosphere
for 1 hour. ThrSugﬁ Phe oxi dation, the pore inner walls of porous S
were coated with tNehfBleasrer | IACdaldduint ioad pbligotiBa (sbe cal
vapor deposition net%od, single-crystal Si was epitaxial- 20
grown by 0. 15[ efr j fo@) RO hYldrogehe a@fe¥pREare0stt1 Oflour . was as
foll ows. The accuracy of the.filmthickness was 2%

Source Gasgy Si H err]fhéRrévaHi®eidg the surface @aughhewsRakengOah/ 180 1/ min
25 Gas Pressure: 80 Torr

interatomic force microscope, the mean square roughness
at a 50um square region was about 0.2nm which was equal
to the silicon wafer on the market.

As the result of section observation by a

10 transmission electron microscope, it was confirmed that
no new crystal defects were introduced into the Si
layer and the excellent crystalline property was
maintained.

Similar results were obtained even without forming

15 the oxidized film on the surface of the epitaxial Si
layer.

At the same time, the porous Si layer remaining on
the Si substrate side was also agitated in a mixed
solution (1:2) of 49% hydrofluoric acid and 30%

20 hydrogen peroxide water for selective etching. Single-
crystal Si remained without being etched so that porous
Si was selective-etched using single-crystal Si as
etching stopper and fully removed, and the Si substrate
could be again put into the porous-forming process.

25 [Example 9]

Two first p- or n-type (100) single-crystal Si

substrates each having 625pum in thickness, 0.0lQecm in



Tenperature: 950 [err]C G owi ng Speed: 0.3 [err]mmn

- 74 - Further, an Sigerr] |ayer of 100nmwas fornmed on the
surface of each epitaxial Si layer through thernal oxi dat i on.
Subsequent |y, hydrogen ions of 5x10[errr7é¥ﬁéTr] wer e 5 i npl anted into
t he porous side of only one of the substrates at acceleration
vol t age of 50keV. The surface of the SiJerr] layer and the
surface of a separately prepared support Si substrate fornmed with an

S 2 Lever of, 500yt 2 01 etk BPRoRLY ADULSR M BockOprosatth shher . and

subj ected to th&°Ra&F" ours so as to
i ncrease the bogﬂ ﬁgzed n aft GEENgbfutidien, the two substrates were
conpl etely a%ed at a p05|t|on corresponding to the projection

range of the ion Irrp'rﬁat ahbeﬂzaifbénsgmafé% std ¥ Fo11dws:ere observed
in detail using an optical m croscope, but exposed portions of the

initial bonded intertggeeent Densieye M®t(MWI?) On the ot her hand, no
change on the out war d appearance was caused on the substrate which

was not suly ected toahbaibydiogesoletiompl &R A,000,H0Hd1:201 the
substrates remai ned bonded to each other. The porous substrate side
of the bonded substr@time:(nd2 (minutes)
Thickness of Porous Si: 10 (pm)
Porosity: 15 (%)
The substrates were oxidized at 400°C in the oxygen
10 atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
oxidized films. Using the MBE (molecular beam epitaxy)
method, single-crystal Si was epitaxial-grown by O.5um
on porous Si. The growing condition was as follows.
15 The accuracy of the film thickness was *2%.
Temperature: 700°C
Pressure: 1 x 10°° Torr
Growing Speed: 0.1 nm/sec
Temperature: 950 °C
20 Growing Speed: 0.3 um/min
Further, an SiO, layer of 100nm was formed on the
surface of each epitaxial Si layer through thermal
oxidation.
Subsequently, helium ions of 1x10'7/cm® were
25 implanted into the porous side of only one of the
substrates at acceleration voltage of 100keV.

The surface of the Si0O, layer and the surface of a



subj ected to the hydrogen ion inplantation) was ground using a

grinder for the normal sem conductor so as to expose the porous

| ayer. However, due to insufficient 25 ri ndi ng accuracy, a thickness
of the remai ni ng porous | ayer was- 8% o 9[err]m

Thereafter, the porous Si |ayer remaining on the

- 75 - support substrate side was agitated in a m xed sol ution
(1:2) of 49% hydrofluoric acid and 30% hydr ogen per oxi de wat er for

| ect i hi ng. _Single- | Si. 7 engi ned wi bei, hed
o that ‘porous SePRREUSLE BréSafes, symeartint B s, Geiten BolR €S
tchi . i d of
non- porous. si ngPaCer PRI f ‘S00kl YRR Burlappen and, RELELE VAR, °PCeT ©
extrenmely |ow sq thagey T a?ﬁhguf)féé@e feStGl a%e'&%tdt%%h%aé%'ngbbyc? to

the 10 etching spee e porous layer reaches as muc
I ess than 10[ er ghrapdhblieset CRhEIbGHREUt tuARRIMerseVRIT £Hi%RY by a  Of

angstrons) at the non-porous |ayer can be ignored froma practical
poi nt of Visew. vacuum chuckSpREi dpsBldd witte tormglcer angsishleabingayer havi ng
15 O.1[err]min thickness was forned on the Si oxidized film

Thi cknesses of tbecker imdteenpnbeigoysahldiStedtayer nedraive to theamaiad at
100 points thereover. Uniformty of the
surface of the wafers. Then, the two substrates were
completely separated at a position corresponding to the
projection range of the helium ion implantation. The
10 separated surfaces were observed in detail using an
optical microscope, but exposed portions of the initial
bonded interface were not found.
On the other hand, when the pressure was further
applied to the substrate (not subjected to the helium
15 ion implantation), the vacuum chuck was detached and
the substrate could not be put into the subsequent
process.
Thereafter, the porous Si layer remaining on the
support substrate side was agitated in a mixed solution
20 (1:2) of 49% hydrofluoric acid énd 30% hydrogen
peroxide water for selective etching. Single-crystal
Si remained without being etched so that porous Si was
selective-etched using single-crystal Si as etching
stopper and fully removed.
25 The etching speed of non-porous single-crystal Si
relative to the etching liquid is extremely low so that

the selection ratio relative to the etching speed of



t hi cknesses was 101nm 3nmw th the hydrogen ion I mpl antation, while
It was 10lnm 7nmw thout the 20 hydrogen ion inplantation so that it
was confirnmed that t he thickness distribution was deteriorated due
to i nfl uence of dispersion of thitliéfesses of porous silicon.
Thereafter, the heat treatnent was perforned at 25 1,100[err]Cin the
hydr ogen at nosphere for 1 hour. When eval uating the surface
roughness using an interatom c force m croscope, the nmean square
roughness

_ 76 .
50[ err] m squar e PEGPEROVEs 1888t THRRET iF WL itatess than_t &% ﬁ‘t%ng
silicon wafer OQhEh%t@ﬁﬁggtamount. %bo t %gbéégirégﬂgtofﬁéﬁgggﬁgggeoﬁFirned

observation by a ansm ssi el ectron m croscope,

that 5 N0 BRW GLysalode! $6bs: veks OIS £ f Mredticar | aver

and the excellent cryst I ne property was mal nt al ned.
Simlar resultspaene gltghingd even without form ng the oxidized film
on the surface of the epitaxial Si 10 | ayer. At the sane

time, the porous Si kpges rieARIP] Neh@Nsingle-cryifrall siUlSyiedt Bablidg Was
al so agitated in a m xed solution (1:2) of 49% hydrofluoric acid and
30% 0.1um in thickness was formed on the Si oxidized film.
Thicknesses of the formed single-crystal Si layer were
measured at 100 points thereover. Uniformity of the
thicknesses was 10Inm * 3nm with the hydrogen ion
10 implantation, while it was 10lnm #* 7nm without the
hydrogen ion implantation so that it was confirmed that
the thickness distribution was deteriorated due to
influence of dispersion of thicknesses of porous
silicon.
15 Thereafter, the heat treatment was performed at
1,100°C in the hydrogen atmosphere for 1 hour.

When evaluating the surface roughness using an
interatomic force microscope, the mean square roughness
at a 50um square region was about 0.2nm which was equal

20 to the silicon wafer on the market.

As the result of section observation by a
transmission electron microscope, it was confirmed that
no new crystal defects were introduced into the Si
layer and the excellent crystalline property was

25 maintained.
Similar results were obtained even without forming

the oxidized film on the surface of the epitaxial Si



hydr ogen peroxi de water for selective etching. Single- 15 crystal S

remai ned wi t hout being etched so that porous Si was sel ective-etched
usi ng single-crystal Si as etching stopper and fully renoved, and
the Si substrate coul d be again puBZinto the porous-forming process.
[ Exanpl e 7] 20 Two first p- or n-type (100) single-crystal Si
substrates each having 625pmin thickness, 0.0l[err].cmin

resistivity and 5 inches in dianeter were prepared and anodi zed in
an HF sol ution. The anodi zation condition was as follows: 25
Current Density lay %r(nA cnerr]) Anodi zati on Sol uti on:

HF: Herr] O Cfer r] H ei‘{ %]‘sélmél' ti the pgr-gh%‘as%lga&?}:nyéﬁélnlng on

- 77 - T%lckness or ous

Porosity: 15 (Rpe Sl su traég“%iﬁ%p%%%@%ﬁ§oM% 2 +@¥bdi 184251408 err]Cin

t he oxygen at nosphere 1 hour. Through the oxidation, the pore

S i nner wal | $o 08+ 9% ous; d’@r@%c(?%@fw‘ubﬁubhﬁbﬁ‘@' and 30% Oxidized
films. Using the CVD (chem cal vapor deposi tion) nethod,

singl e-crystal §yaregertdrbeidle water £oif @meahoeSéﬁah@ﬂ%porsﬂﬁ gfk- The
growi ng condition was as follows. The accuracy of the filmthickness
was crystal Si remained without being etched so that porous
Si was selective-etched using single-crystal Si as
etching stopper and fully removed, and the Si substrate
could be again put into the porous-forming process.
10 [Example 10]

Two first p- or n-type (100) single-crystal Si
substrates each having 625um in thickness, 0.01Qe*cm in
resistivity and 5 inches in diameter were prepared and
anodized in an HF solution.

15 The anodization condition was as follows:

Current Density: 5 (mAscm™?)

Anodization Solution: HF:H,0:C,H,OH=1:1:1

Time: 12 (minutes)

Thickness of Porous Si: 10 (pm)

20 Porosity: 15 (%)

The substrates were oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
oxidized films. Using the CVD (chemical wvapor

25 deposition) method, single-crystal Si was epitaxial-
grown by 0.55um on porous Si. The growing condition

was as follows. The accuracy of the film thickness was



10 2% Source Gas: SiHerr]Cd[err]/Herr] Gas

Fl ow Rate: 0.5/180 1/ mn Gas Pressure: 80 Torr

Tenperature: 900 [err]C 15 Gowing Speed: 0.3 [err]mmn

Further, an Sierr] layer of 100nm was T on the surface of
each epitaxial Si layer through thernal oxi dat i on.

Subsequent |y, hydrogen ions of 5x10[err]/cnferr] were 20 I npl anted into
t he porous side of only one of the substrates at accel eration
vol t age of 100kg¥% The surface of the SiJerr] |ayer and the

surface of a separately prepared support quartz substrate were
exposed to oxygen pl r ect Lyel W, ,ihen overl apped 25 and abutted
S3lre FRETT St

wi th each other, and’s eat treatment at 200[err]C
for 2 hours so as toghacgeggerhis: o.s5/180NdHNG, strength. The sufficient
pressure is applied - 78 -

to the bonded waf er sgper peadsaybarl gorebati ve to the I n-pl ane and
uniformy over the in-plane. Then, the porous Si |ayer was divided
into two ats the ion- remperatu#Bkanged Tcegi on. 5 On the ot her

hand, when the pressure was further
Growing Speed: 0.3 pm/min

Further, an Si0, layer of 100nm was formed on the
surface of each epitaxial Si layer through thermal
oxidation.

10 Subsequently, hydrogen ions of 1x10'®/cm® were
implanted into the porous side of only one of the
substrates at acceleration voltage of 100keV.

The surface of the SiO, layer and the surface of a
separately prepared support quartz substrate were

15 exposed to oxygen plasma, respectively, then overlapped
and abutted with each other, and subjected to the heat
treatment at 200°C for 2 hours so as to increase the
bonding strength. Then, the porous Si layer was
divided into two at the ion-~implanted region.

20 On the other hand, no change was observed at the
substrate which was not subjected to the helium ion
implantation.

Thereafter, the porous Si layer remaining on the
support substrate side was agitated in a mixed solution

25 (1:2) of 49% hydrofluoric acid and 30% hydrogen
peroxide water for selective etching. Single-crystal

Si remained without being etched so that porous Si was



applied to the substrate (not subjected to the hydrogen I on

I npl antation), the porous |layer was ruptured into two. However, when
observing the divided porous | ayers, cracks were introduced into

portions of the 10 single-crystal Si- I18Yyer so that the substrate could
not - be put into the subsequent process. Thereafter, the
porous Si layer renaining on the second substrate side was agitated
in a mxed solution (1:2) of 49% hydrofluoric acid and 30% hydr ogen

15 per oxi de water for selective,etchjng. Singl e-¢rystal . Si

remai ned wi t houf® ?Pﬁévﬁfgﬁﬁgeéou?+ﬂﬁ ?ﬁﬁé%EFQ§Y%k§§ SV eESPEBTi ve- et ched
using single-crystal Si a tchin stopper and fully renoved.
Thehetching speé OBPeﬁoﬁpgofgggysféﬁﬁ%E%TystaI S 20 rglative to the
etching liquid is ex -poddifs $8eaki- aLhogiel ative
to the etching speed&%gngthkg&é%ée%%?%ﬂglIéﬁ%% rea%ﬁggﬁéseﬁggh assno | ess

than 10[err] an@elatiVﬁ thetRE COLERL AP u iR b o8\ eRicaly 10aS s8f that
angstrons) at t he non-porous layer can be ignored froma practical

25  pointg of WhaWgelection ratiSPEEIdtGAd [Ho HHE edohdingr eppetabsSi | ayer
havi ng O.5[err]min thickness was forned on the Si oxidized film
- 79 - théhpekBasseayef téeches nesl mictgles aroySteals Shahayef awd e
the etching amount (about several tens of angstroms) at
the non-porous layer can be ignored from a practical
point of view.
10 Specifically, the single-crystal Si layer having
0.5um in thickness was formed on the quartz substrate.
Thicknesses of the formed single-crystal Si layer were
measured at 100 points thereover. Uniformity of the
thicknesses was 501lnm + 1llnm with the hydrogen ion
15 implantation. Thereafter, the heat treatment was
performed at 1,100°C in the hydrogen atmosphere for 1
hour.

When evaluating the surface roughness uéing an
interatomic force microscope, the mean squére roughness

20 at a 50um square region was about 0.2nm which was equal
to the silicon wafer on the market.

As the result of section observation by a
transmission electron microscope, it was confirmed that
no new crystal defects were introduced into the Si

25 layer and the excellent crystalline property was
maintained.

Similar results were obtained even without forming



measured at 100 points thereover. Uniformty of the t hi cknesses was
501lnm 1lnmw th the hydrogen ion i npl ant ati on. 5 '

Thereafter, the heat treatnent was perforned at 1,100[err]Cin the
hydr ogen at nosphere for 1 hour. - 90 wWhen eval uating the surface
roughness using an interatom c force mcroscope, the nean square
roughness at a 50[err]msquare regi on was about 0.2nm whi ch was
equal 10 to the silicon wafer on the narket. As the result
of section obseryation_b . ransmnm ssion e r Cr.o it was
confirmed that °© OXlﬁﬁzﬁ‘g\AfH‘?s?%lttl?ef%ﬁ%%Pg %8@&53&*% ggt he Si

| ayer and the eicel | ent crystalline property was mai nt ai ned.

Sinilar results~®FE-obtai ned even without form ng the oxidized film

on the surface pitaxial Si | ayer. Usi ng the CVD
(chem cal vapor gé{%ggllgl %%T met hod, 20 single-crystal Si was again

epi taxi al -grown by 0,5 B i hg.first
substrate side. A é%tg}r)ovﬁrngpc%f;@(@)ms géf %%P’g sl %’ie accuracy
of Ehe fbhﬂb%bh%&”ﬂé@lﬁ§56é§ﬁm in thicknessS0 @r@QQG%ﬁ in

S|H[err]CI[err]/H[err Gas Flow Rate: 0.5/180 1/mn
Gas Pressure: 89e§Qé’t1v1ty and 5 iné&gerial J@ikime¥y Wl pPepared and

anodized in an HF solution.
The anodization condition was as follows:
Current Density: 5 (mAecm™?)
10 Anodization Solution: HF:H,0:C,H;,OH=1:1:1
Time: 12 (minutes)
Thickness of Porous Si: 10 (pm)
Porosity: 15 (%)
The substrate was oxidized at 400°C in the oxygen
15 atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
oxidized films. Using the MOCVD (metal organic
chemical wvapor deposition) method, single-crystal GaAs
was epitaxial-grown by lum on porous Si. The growing
20 condition was as follows.
Source Gas: TMG/AsH;/H,
Gas Pressure: 80 Torr
Temperature: 700°C
Subsequently, helium ions of 1x10%/cm? were
25 implanted into the porous side of the substrate at

acceleration voltage of 100keV.

The surface of the GaAs layer and the surface of a



- 80 - G owi ng Speed: 0.3 [err]mmn VWhen

evaluating the crystal defect density of this single-crystal S

| ayer through the defect revealing etching, the defect density was

about 1x10[err]/cnferr] and this 5  -s@Bstrate could be again put into

the processes of ion I npl antati on and bondi ng. Simlar

results were obtained even without formng the oxidized filmon the
surface of the epitaxial Si | ayer. 10 [ Exanpl e 8]

Two first p- t 10 Si e-crystal S rates each
havi ng 625[err]ﬁ‘?§"’h¥§ rﬂe‘)ses}’ ’ffqi) & r%l ﬁubStratergg?ét ivity and 6
i nches in dianeter r 0 n i on.
The anodi zat i ono‘é‘f)’r'ljtll\'ils‘a ‘ﬁ‘ﬁg@ (%1 SR oaRO8hEY, %13.3 Iéntj%ené.él‘}lty 5

(mA.cnerr |
HF: H err] O] %:[ er r?errr %i—ﬁ %ﬂﬁérﬂﬁ a¥ M@”If?rxé 2 lgo%rrﬁ nsu(% eassﬁ to

Thi ckness of Po P it
AHSNSL ﬁeéfﬂ{alna%%trength @hasi t ¥he pOr6d® si

The substrates Were oXi OferrJCin the oxygen at nosphere
for 1 hOUf Thr H?Qrtxp&s oxi fadd Pnntd&wP® the ion-ARGLanBEESTe§ieel ous Si
wer e coate W t her mal - oxi dized filnms. Using the CVvD (chem cal

vapor 25 deposi ttReNeaREd10d, a SidYg Irenwisigahth8l owagiepit Axlal en

grown by 0.15[err] mon porous Si. The growi nhg condition
the inner walls of the porous Si layer using
hydrofluoric acid, the porous Si was etched with a
solution of ethylenediamine, pyrocatechol and water

10 (ratio: 17ml:3g:8ml) at 110°C. Single-crystal GaAs

remained without being etched so that porous Si was
selective-etched using single-crystal GaAs as etching
stopper and fully removed.

The etching speed of single-crystal GaAs relative

15 to the etching liquid is extremely low so that the
thickness reduction can be ignored from a practical
point of view.

Specifically, the single-crystal GaAs layer having
lum in thickness was formed on the Si substrate. No

20 change was caused on the single-crystal GaAs layer even
by the selective etching of porous Si.

As the result of section observation by a
transmission electron microscope, it was confirmed that
no new crystal defects were introduced into the GaAs

25 layer and the excellent crystalline property was
maintained.

By using the Si substrate with the oxidized film



was as follows. The accuracy of the filmthickness was

- 81 - 2% Source Gas: SiHerr]dJ[err]/Herr]

Gas Flow Rate: 0.5/180 1/mn Gas Pressure: 80 Torr 5
Tenperature: 950 [err]C Gr owi%fg “Speed: 0.3 [err]m min
Further, an SiJerr] layer of 100nm was fornmed on the surface of
each epitaxial Si layer through thernal oxi dation. 10 .
Subsequently, heliumions of 1xl10[err]/cnierr] were i npl anted into

th i de_of I ft bst . Al
vol thge of 100keq, the YuBBer?' syfFerate. G 4l BHE e dRETG FURY | |

surface of a separ | ed. ri Si substrate fornmed with an
15 Sigerr] ng}%fi ) S%S%%n#‘ﬁgélgg%\i/er rglppe yta'nd abutted with each

ot her, and subj he heat treatment at 400[err]C for 2 hours.
The sufficient ?g%gﬁf%gf%rge s applied to the bonded wafers

perpendi cul arly rel agi ¥¢-L@ f,beor n-typé N-I0EN e iad &Hd 1y sever the
i n-plane. Then, the 20 two substrates were conpletely separated at a

position 5 s0BELeaReNHERIng 062 Higm PLR] Teidiaegsange 0+ dhe ihel i um i on
I npl antation. The separated surfaces were observed in
resistivity and 5 inches in diameter was prepared and
anodized in an HF solution.
The anodization condition was as follows:
Current Density: 10 (mAscm™?)
10 Anodization Solution: HF:H,0:CH;OH=1:1:1
Time: 24 (minutes)
Thickness of Porous Si: ZOI(pm)
Porosity: 17 (%)
The substrate was oxidized at 400°C in the oxygen

15 atmosphere for 2 hours. Through the oxidation, the
pore inner walls of porous Si were coated with thermal-
oxidized films. Using the MBE (molecular beam epitaxy)
method, single-crystal AlGaAs was epitaxial-grown by
0.5um on porous Si.

20 Subsequently, helium ions of 1x10%%/cm* were
implanted into the porous side of the substrate at
acceleration voltage of 100keV.

The surface of the AlGaAs layer and the surface of
a separately prepared support substrate of low melting

25 point glass were overlapped and abutted with each

other, and subjected to the heat treatment at 500°C for

2 hours. Through this heat treatment, the substrates



detail using an optical mcroscope, but exposed portions of the

initial bonded interface were not 25 f ound. On the ot her
hand, when the pressure was further applled to the substrate (not
subjected to the helium - 93 - 82 -

lon inplantation), the porous |layer was ruptured into two. However,
when observing the divided porous | ayers, cracks were introduced
into portions of the single-crystal Si layer so that the substrate

coul d not 5 to . th ubs uent rgcess Thereafter,

the porous Si I&?EPp%éﬁﬁgﬁl angﬁatﬁtgg aChp'ﬁﬁﬁﬁrt substrate side was

agitated in a m xed %glutkg f1c1é%tg%régséﬁmédﬁgﬂéﬂgffﬁa %oa%hg and 30%
I ng

hydr ogen per oxi iSVe etchin e-crystal 10

Si remai ned mnt% %heﬁehQQeﬁ Cﬂgggéﬂd%ggéafiy(¥Ei$%10$“%o the in-plane

sel ecti ve-etched using single-cr as etching st opper and

fully removed. ang unn.forml?hgvéi“c@héglﬁ-p@ﬂh@f N JEFAUS s3i nglercrystal
Si relative to the etching liquidis extrenely | ow so that 15

the sel ectison rghisodietiabiavente the &tcinhedispeaiblinted regilohe porous
| ayer reaches as much as no less than 10[err] and t he et chi ng anount
(about several tens aghezegftespspoadbus Si wad hetahmd portdus | ayer can be
ignored froma practica
hydrofluoric acid solution. Single-crystal AlGaAs
remained without being etched so that porous Si was
selective-etched using single-crystal AlGaAs as etching

10 stopper and fully removed.

The etching speed of single-crystal AlGaAs
relative to the etching liquid is extremely low so that
the thickness reduction can be ignored from a practical
point of view.

15 Specifically, the single-crystal AlGaAs layer
having 0.5um in thickness was formed on the glass
substrate. No change was caused on the single-crystal
AlGaAs layer even by the selective etching of porous
si.

20 As the result of section observation by a
transmigsion electron microscope, it was confirmed that
no new crystal defects were introduced intoc the AlGaAs
layér and the excellent crystalline property was
maintained.

25 [Example 13]

A first p- or n-type (100) single-crystal Si

substrate with both sides polished and having 625um in



poi nt of view. 20 Specifically, the single-crystal Si |ayer having
O.1[err]min thickness was fornmed on the Si oxidized film

Thi cknesses of the formed single-crystal Si |ayer were nmeasur ed at
100 points thereover. Uniformty of the~ 94 - "thicknesses was 10lnm 3nm
wi th the hydrogen ion 25 i mplantation, while it was 101lnm 7nm w t hout
t he hydrogen ion inplantation so that it was confirned that t he
thi ckness distribution was deteriorated due to

- 83 - | uence, o | I Si [ SS@S r oys

silicon. thid n%ﬁ%feafé <§fﬁ%1ﬁ%§?2§?§gﬁ ? mgslgépggrggd at

1,100[err]Cin khe Q¥g£09§§%é%éggﬁéyﬁéhé(ghdhﬂygﬁ'at poth sides VWen

evaluatlng t he Sur ace r ou interatomc force

m cr oscope, thetaﬁggﬂ§qygr§nrgﬁggggﬁgo at a 50[err]msquare region

was about 0.2nm was equa to the silicon wafer on the market.

As the result of secgh@naQbssyeidPtdNdixiok) was bikaksNilswsen €l ectron
m croscope, it was confirmed that no new crystal defects were

i ntroducedsi nto the Sirrent Deh®ifsf: argl (nfre cartel | ent crystalline property
was mai nt ai ned. Simlar results were obtained even
Wi t hout form ng Anodization Solution: HF:H,0:C,H,OH=1:1:1
Time: 12 x 2 (minutes)
Thickness of Porous Si: 10 (um) for each side
Porosity: 15 (%)

10 The substrate was oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
inner walls of porous Si were coated with thermal-
.oxidized films. Using the CVD (chemical vapor
deposition) method, single-crystal Si was epitaxial-

15 grown by lpm on porous Si formed at each side. The
growing condition was as follows.

Source Gas: SiH,Cl,/H,

Gas Flow Rate: 0.5/180 1/min

Gas Pressure: 80 Torr

20 Temperature: 950 °C

Growing Speed: 0.3 pm/min

Further, an Si0, layer of 100nm was férmed on the
surface of each epitaxial Si layer through thermal
oxidation.

25 Subsequently, hydrogen ions of lxiom/cmﬁ were
implanted intc the porous layers at acceleration

voltage of 100keV.



15 the oxidized filmon the surface of the epitaxial Si | ayer.

At the sane tine, the porous Si |ayer renaining on the Si substrate
side was also agitated in a m xed solution (1:2) of 49% hydrofluoric
acid and 30% 20 hydr ogen peroxi de wat 86 for selective etching. Single-
crystal Si renmained without being etched so that porous Si was

sel ective-etched using single-crystal Si as et chi ng stopper and
fully renoved, and the Si substrate could be again put into the

por ous-form ng process.

25 | e 9 first p-
n-type (100) single- eyﬁuﬁfaﬁes[ %%arm’{&&bﬁrja?%%r%aw H:agﬁ\,\ﬁgr?d‘l : M io%r

t hi ckness, 0.0éée rl. I n . - 84 -
resistivity an %é?%ﬁﬁé? i%%?ﬁ%ﬁ%ﬁeﬁwﬁmﬁﬁ?PBFEpS%eS“Bﬁﬁrates ea%.Irllodized in

an HF sol ution. fo%m?wibtﬁ earn-rr%qd?}ngg&é@t SEN5 6O fd A0 dﬁﬁeé:oaa;j)[ée?n!a%‘ﬁs:

Current Density: Anodi zat1 o
i Herr] Q Gerghdledd il (e.ﬂpar%h other, and sgbiBotdd égﬁ%@eﬁém

Thi ckness of Porous Si: ~ Porosity:
The substrgtes pescmuddigebociffberhéuid dbaaddathitiye boMdtRgRher e

for 1 hour. Through the oxidation, the pore
Then, the porous Si layer was divided into two at the
ion-implanted region.

Thereafter, the porous Si layer was agitated in a
mixed solution (1l:5) of 49% hydrofluoric acid and 30%

10 hydrogen peroxide water for selective etching. Single-
crystal Si remained without being etched so that porous
Si was selective-etched using single-crystal Si as
etching stopper and fully removed.

The etching speed of non-porous single-crystal Si

15 relative to the etching liquid is extremely low so that
the selection ratio relative to the etching speed of
the porous layer reaches as much as no less than 10° and
the etching amount (about several tens of angstroms) at
the non-porous layer can be ignored from a practical

20 point of view.

Specifically, the two single-crystal Si layers
each having lpm in thickness were simultaneously formed
on the Si oxidized films. No change was caused on the
single~-crystal Si layers even by the selective etching

25 of porous Si.

As the result of section observation by a

transmission electron microscope, it was confirmed that



inner walls of porous Si were coated with thernmal - oxi di zed fil ns.

Usi ng the MBE (nol ecul ar beam epit axy) nmet hod, single-crystal Si was
epitaxial-grown by 0.5[err]m on porous Si. The growi ng condition was
as follows. 15 The accuracy of the fil3 thickness was 2%

Tenperature: 700[err]C Pressure: 1 x 10[err] Torr

Growi ng Speed: 0.1 nm sec Tenperature: 950 [err]C 20

Gowing Speed: 0.3 [err]mmn Further, an SiJerr] |ayer of

100nm was forned on the surface of each j i;al,. Si,lawger through
t her mal 59 GgY; grystal ad¥ects LSS e%’ﬁterrﬂaw(%e%ﬁéﬁtt? mTs n§§of
1x10[err]/cnerr r 2 I i t fﬁ?ér%ﬁﬂ f only one of
t he substl ]rag\é%sgg? glél%e?;e‘gg ?Qoélg\?%ﬁtiga%ellgﬁl 628; KEV. was The
surface of the [LQLeLkhohayer and the surface of a

- 85 - separately prepared support Si substrate fornmed with an

Si @2 layer of 500nm wepe1gyerbanpPed woek duddMbdlidven withoutaEbratihgr, and

subjected to the heat treatnment at 300[err]C for 2 hours. The bonded

two waf ers gner e theXxegdill¥zad £51m yACHRHEN SitfdcarsE amel iepd taixtialt gisi on and

sheari ng forces in the horizontal direction relative to the main
layer.

[Example 14]
Two first p- or n-type (100) single-crystal Si
substrates each having 625um in thickness, 0.01Qecm in
10 resistivity and 5 inches in diameter were prepared and
anodized in an HF solution.
The anodization condition was as follows:
Current Density: 5 (mAscm™?)
Anodization Solution: HF:H,0:C,H,OH=1:1:1
15 Time: 12 (minutes)
Thickness of Porous Si: 10 (pm)
Porosity: 15 (%)
The substrates were oxidized at 400°C in the oxygen
atmosphere for 1 hour. Through the oxidation, the pore
20 inner walls of porous Si were coated with thermal-
oxidized films. Using the CVD (chemical wvapor
deposition) method, single-crystal Si was epitaxial-
grown by 0.55pm on porous Si. The growing condition
was as follows. The accuracy of the film thickness was
25 +2%.
Source Gas: SiH,Cl,/H,

Gas Flow Rate: 0.5/180 1l/min



surface of the wafers. Then, the two substrates were conpl etely

separated at a position corresponding to the projection range of the
heliumion inplantation. The 10 separated surfaces were observed in
detail using an optical mcroscope97ut exposed portions of the
initial bonded interface were not found. On the ot her
hand, when the pressure was further applied to the substrate (not
subj ected to the helium 15 ion inplantation), the vacuum chuck was

det ached and t he substrate coul d not be put into the subsequent
process. GaRePEaFEWFe: t P ptTUs Si | ayer remmining on the

support substrate side was gltategbén,a m xed solution 20 (1:2) of 49%
hydr of | uori ¢ acid anae§89§ﬁ$ FBen peroxi de water for selective

etching. Single-crys 4 hout being etched so that
porous Si was E§8V% 9|v%eé%ched ugﬁﬂ% single-crystal Si as etching

stopper and fully regg¥%ﬂe Zén SIOZEﬁg etc%tgabﬂﬂ §3gegopﬁe@q&n ous

single-crystal Si ative ing Irquid is extrenmely | ow so

t hat st he %ﬁ&%&bboafr éébﬁ 551 8hk ML It U it RGP eRR bl
- 86 - he porous | ayer reaches as nuch as no Iess than 10[err]
and t he gkgab@goﬁqnunt (about severa[ tens of angstrons) at

Subsequently, hydrogen ions of 1x10*®/cm® were
implanted into the porous side. of only one of the
substrates at acceleration voltage of 100keV.

10 The surface of the SiO, layer and the surface of a
separately prepared support quartz substrate were
exposed to oxygen plasma, respectively, then overlapped
and abutted with each other, and subjected to the heat
treatment at 200°C for 2 hours so as to increase the

15 bonding strength. Subsequently, the wave energy such
as the ultrasonic wave was applied to the substrates.
Then, the porous Si layer was divided into two at the
ion-implanted region.

On the other hand, no change was observed at the

20 substrate which was not subjected to the hydrogen ion
implantation.

Thereafter, the porous 8i layer remaining on the
support substrate side was agitated in a mixed solution
(1:2) of 49% hydrofluoric acid and 30% hydrogen

25 peroxide water for selective etching. Single-crystal
Si remained without being etched so that porous Si was

selective-etched using single-crystal Si as etching



t he non-porous | ayer can be ignored froma practical poi nt of view.

5 Specifically, the single-crystal Si |ayer having 0.1[err]m
in thickness was forned on the Si oxidized film Thi cknesses of the
formed single-crystal Si |ayer were - 98peasured at 100 points

thereover. Uniformty of the t hi cknesses was 101lnm 3nmw th the
hydr ogen ion 10 I nplantation, while it was 101lnm 7nm w t hout the
hydrogen ion inplantation so that it was confirnmed that t he

t hi ckness distrigution wag ge riorateqidue to I nfluence of

di spersion of tfArERABEs® %0 “{é&cﬁﬁ?ove * silicon. 15 Ther eaf t er,

atmosphere for 1 houtie SERLE silleg, of ponrpbtind’ FrbatlpeetE Bhc.
using an rRILELOL BB Cll O SEMRAY A3ARG 1 BB efle 0066 BOUBRIESD

at a 50[err]msquare region was whi ch was e ( o the
silicon wafer oghbhgeiBELESn ratio relativdS t1&nkeakkhifl ggs&aoaf

observation by a transm ssion el ectron mcroscope, it was confirned
t hat 5 NO BRW F6¥ShA! 18PdL hSaMRE dotmuRd@ednbntieskheéhdh 10° andg | ayer
and the excellent crystalline property was 25 mai nt ai ned.

Simlar result stneretehing n@tbwvie N abdutd Weviediall Rg@ns of angberomsdiaed film
on the surface of the epitaxial Si -
87 - the non-porous layer can be ignored from a practical

point of view.

Specifically, the single-crystal Si layer having

10 0.5um in thickness was formed on the quartz substrate.
Thicknesses of the formed single-crystal Si layer were
measured at 100 points thereover. Uniformity of the
thicknesses was 501lnm % llnm with the hydrogen ion
implantation. Thereafter, the heat treatment was

15 performed at 1,100°C in the hydrogen atmosphere for 1
hour.

When evaluating the surface roughness using an
interatomic force microscopé, the mean square roughness
at a 50pm square region was about 0.2nm which was egqual

20 to the silicon wafer on the market.

As the result of section observation by a
transmission electron microscope, it was confirmed that
no new crystal defects were introduced intoc the Si
layer and the excellent crystalline property was

25 maintained.

Similar results were obtained even without forming

the oxidized film on the surface of the epitaxial Si



| ayer. At the sane time, the porous Si |ayer remaining on

the Si substrate side was also agitated in a m xed solution (1:2) of

49% hydrofluoric acid and 30% 5 hydr ogen peroxi de water for selective

etching. Single- crystal Si renm ®d-wit hout being etched so that

por ous Si was sel ective-etched using single-crystal Si as

etching stopper and fully renoved, and the Si substrate coul d be

again put into the porous-form ng process. 10 [ Exanpl e 10]

Two first p- or n-type (100) single-crystal Si substrates each

havi ng 625[err]ﬁ?¥ﬁrth|ckness 0.01[err].cmin resistivity and 5

inches in diameter we [ epared and ed | I t|on 15
%‘Fog 9\5 agqg%‘f?]o V%l subsni:rdatze (évasn r%%slé'l:i %% Wt

The anodi zation condf rent nsity
mA. . t
I(-lF: Hfg re]r rO] )C[ er Fﬁﬁ?&?rf’c‘iﬂrﬁag %a é\?gstspéég é)f}:er re:[rﬁav(lng rema>1n1ng
Thi ck f P S"
Thgcssngrgtesokgré o; |zeg(é§£§%§? i]%?ﬁ????u?éﬁgﬁﬁiﬁbyto £§ng§§sghere

for 1 hour. Thr oNeiRXLak! rsddE. pore inner walls of porous Si
wer e coateg mntﬁ&gﬁe mal - ox%dlzed films. Using the CVD (chem cal
vapor 25 deposi tion) nethod, single-crystal Si was epitaxial-

grown by 0.55[err]mon porous Si. The growi nhg condition was as

foll ows. The accuracy of the filmthickness was



- 88 - 2% Source Gas: SiHerr]d[err]/Herr]

Gas Fl ow Rat €7 0.5/ 1801/mn Gas Pressure: 80 Torr 5

Tenper at ur e: ’mﬂl " Gowing Speed: 0.3 [err]mmn
Further, an Sili® nnuunﬂ m was for red08n-t he surface of each
epitaxial Si |ayer throtigh t Her mal oxidation. 10

Subsequent |y, hydrogen ions of 1x10[err]/cnferr] were I npl anted into
t he porous side of only one of the substrates at accel eration

vol tage of 100keV. The surface of the SiQ2 layer and the
surface of a %XAT §§p§P§FgF9 ﬁ$epared support quartz substrate were 15

exposed to oxygen plasnma, respective t hen overl a d. and abutted
wi th each other, andgsubfe??@gc?ﬁaYﬁtg%e%gbékrate qﬁagiﬁhQQ:mﬁFh?gO[err]C
for 2 hours so .Lhcrease the bondi ng strength. Then, the porous
Si | ayer was %%mbga%3§ééd into two at the ion-inplanted region. 20

On the other hand, ng BYE - ¥B5m RS €&V t : SYRSL age whi ch was
not subjected to the th?un1ion n é_ A zﬁnéﬁ%ﬂi?g ar L3R 8L
Thereafter s the1gge@USHSht! BYBELT £NBhPEAE ¥ 1L Si substrate; and

a large porosity layer forming step for forming

large porosity layer at a constant depth from a surface

of said porous Si in said porous Si layer.

10 2. The semiconductor substrate producing method
according to claim 1, wherein said large porosity layer
forming step has an ion implanting step for implanting
ions into said porous Si layer with a given projection
range.

15

3. The semiconductor substrate producing method
according to claim 2, further comprising a non-porous
layer forming step for forming a non-porous layer on a
surface of said porous layer before said ion implanting

20 step.

4. The semiconductor substrate producing method
according to claim 2, wherein said ions comprises at
least one kind of noble gas, hydrogen and nitrogen.

25
5. The semiconductor substrate producing method

according to claim 3, further comprising a bonding step



support substrate side was agitated in a m xed solution
hydr of l uori ¢ aci d and 30% hydr ogen per oxi de wat er fo H’ﬂgﬂ'"ﬂ"m
etching. Single-crystal Si renai ned without being et ""'

porous Si was - 101 - - 89 -

sel ective-etched using single-crystal Si as etching stopper and fully
renmoved. The etchi ng speed of non-porous single crystal S
relative to the etching liquid is extrenely | ow so that t he sel ection
ratio relative to the etching speed of t he rous Ia reaches as
nuch as no Iessf?ﬁah°§@&%ﬁr?a%ﬂuP°n PorQH?elgﬁgﬁiﬁ gaﬁDﬁHPp¥5tout sever al

tens of angstrons

I
practi cal %?Ffaﬁﬁ E?Qﬁ&heggn %P%%Pég c%F?é kg grggn;{g?L?ysta
Si |ayer haVIHQSGP%ﬁ?EkO 5;§ré1§n %?é%%r%ﬁ%?i%f@a%wBoE%Egaﬁﬂ Q?%yuartz

substrate. SSES rmed single-crysta er were
nmeasured at 100 BRLOY tpereover. Unlfornlty of the thlcknesses was
501nm 1lnm wi tR ?g ﬁ%drg%en i on i npl antation. Thereafter, the
heat treatgent was perforned at 1,100[err]C in the hydrogen

at nosphere for 1 hour . When eval uating the surface

roughness using an g, Théd&fiRéicHicticy cRib¥Eteatec ppedutiinagneathsduar e
roughness
according to claim 5, wherein said separating step is

performed by heat-treating said Si substrate.

10 7. The semiconductor substrate producing method
according to claim 5, wherein said separating step is
performed by pressurizing said Si substrate in a

direction perpendicular to a surface thereof.

.15 8. The semiconductor substrate producing method
according to claim 5, wherein said separating step is
performed by drawing said Si substrate in a direction

perpendicular to a surface thereof.

20 9. The semiconductor substrate producing method
according to claim 5, wherein said separating step is
performed by applying a shearing forcé to said Si

substrate.

25 10. The semiconductor substrate producing method
according to claim 3, wherein said non-porous layer is

made of single-crystal Si.



20 at—a—50fer+-m-square regi on was about 0.2nm whi ch was equal to
the sili H mar ket . As the result of section
observa“m"mﬂ "Iml ﬂt ransm ssi on el ectron mcroscope, it was confirned

t hat * tpotnew drysdtal defects were~iH2oduced into the Si 25 | ayer
and the excellent crystalline property was mai nt ai ned.

Simlar results were obtai ned even wi thout formng

- 90 - t he oxidized filmon the surface of the epitaxial S

| ayer. [ Exanp t

single-crystal Si gf tﬁ%s??%&%PWQRﬁﬁﬂj'é%@%ﬁﬁ3%¥etHF8E§§%85 %&?grr] cm
I n resistivit nd, 5 | he | t ,

anodi zed in an Fﬁcggﬁu ?oﬁo &t 5% r%ﬁéfﬁ?%'gﬁb §§8§%d?$§on S as

S an ot T o BB B BAREGH g s v,

(m nutes) on a_sutBhEKNES pOfbdredls Si: 10 (pnj . Porosity:
15 (% The substrate was oxidized at 400[err]C in the oxygen
15 at nogsphere for 1 hour. Through the oxidation, the pore

12. The semiconductor substrate producing method
according to claim 3, wherein said non-porous layer is

made of a single-crystal compound semiconductor.

10 13. The semiconductor substrate producing method
according to claim 5, wherein said support substrate is

an Si substrate.

14. The semiconductor substrate producing method
15 according to claim 5, wherein said support substrate is
an Si substrate having an oxidized Si layer on a

surface to be bonded.

15. The semiconductor substrate producing method
20 according to claim 5, wherein said support substrate is

a light transmittable substrate.

16. The semiconductor substrate producing method
according to claim 5, wherein said bonding step is
25 performed by anode bonding, pressurization, heat

treatment or a combination thereof.



i nner walls of porous Si were coated with thernal - oxi di zed fil ns.
g the MOCVD (netal chem cal vapor deposition) nethod,

Using t organi c
single-crystal Ga luﬂﬂu" wuutaxial-gromm by 1[err] mon porous Si. The
growing 20 co ol | owst 103 - Source Gas:

TME AsH3/ H2 Gas Pressure: 80 Torr Tenper at ur e:
700[err]C Subsequently, heliumions of 1x10[err]/cnierr] were
25 i npl anted into the porous side of the substrate at

accel eration voltage; sl lfe%emiconductor sUbbeidtbpPollcilg fBeHoaayer

and the surface of a

separat el y prengeed:SIRPOES okl RIAHE' GomprisiA¥eh! BaRsdgand abut ted

wi th each other, and subjecte to the heat trea nt at 200[err]C for
2 hours so as tPemoving CSHEPIC Gt RN RGpAERAGLN stdBeNeokNBeROY LN SIS
| ayer was divided into two at the ion-inplanted reégion. _

Thereafter, aftehelgoPyhidsi eayed ExgREdd loR @Nsurfacet B¢ kangr wal I's of

the porous Si |ayer using hydrof l uoric acid, the porous Si was etched
with a 5 sosuppont cfuled tyd v edidaxpes ipyyr e@addeabalpandusal&yer 10
(ratio: 17m :3g:8m) at 110[err]C.  Single-crystal GaAs remai ned

w t hout being etched so that porous Si was

18. The semiconductor substrate producing method
according to. claim 17, wherein said porous Si removing
step is performed by an electroless wet etching using

10 at least one of hydrofluoric acid, a mixed liquid
obtained by adding at least one of alcohol and hydrogen
peroxide water to hydrofluoric acid, buffered
hydrofluoric acid, and a mixed liquid obtained by
adding at least one of alcohol and hydrogen peroxide

15 water to buffered hydrofluoric acid.

19. The semiconductor substrate producing method
according to claim 17, further comprising a flattening
step for flattening a surface of said non-porous layer

20 after said porous Si removing step.

20. The semiconductor substrate producing method
according to claim 19, wherein said flattening step is
performed by heat treatment in the atmosphere'including

25 hydrogen.

21. The semiconductor substrate producing method



sel ective-etched using single-crystal GaAs as etching st opper and

fully renoved.
relative 15

The etching speed of si

Thghe—crystal GAs
to the etching liquid is extrenely ' _
t hi ckness reduction can be ignored froma Prdctic I'I mmﬂ,’@m’m‘ Vi ew.
Specifically, the single-crystal GaAs |layer having * ¢ t n

t hi ckness was forned on the Si substrate. No 20 change was caused on

the single-crystal GaAs | ayer even by the selective etching of

porous S

: LAS th | f ti .qb ti b
transni ssion el e@?‘r“%ﬁdhﬁ’%r%@g%{)%f#i%' \?Oﬁ’sesfce,egﬁ‘lf %P’r’rad%fe)%\éﬁsl'ggrmxnaosﬁ%%

crystal defects

excell ent crysta Prh2 %ﬁ%pert via mai n

re introduced jnto the 2 lL.ayer .and t he
ous , S1 ia ers on.%%%i Fé?ﬁgd9f aid §1 By using

the Si substrate_w Wl fiddAs
e Si substra es%é‘!gé?#l@& o g ﬁ%sﬂtérd;ﬁlgg EERR B PR R SIBPPRS film

- 92 -

e support s on t I nsu

coul d al so be prQQH§€Pa?ééﬁ{é”éé&dEﬁorogf [s5Xa3pk@sl#brmed on both A first

p- or n-type (100) sing

e-crystal substrate having 625[err]min

t hi ckness, §.01[8fddsCohFidaiad si sumpdrdte/ity and 5 inches in dianeter was

prepared and

10

15

20

25

anodi zed in an HF sol ution.

22. The semiconductor substrate producing method
according to claim 5, further comprising a second non-
porous layer forming step, after said separating step,
for forming non-porous layer again on the surface of
said porous Si layer, and a second ion implanting step,
after said second non-porous layer forming step, for
implanting ions into said porous Si layer with a given
projection range and forming large porosity layer in

said porous Si layer.

23. The semiconductor substrate producing method
according to claim 1, wherein said porous-forming step

is performed by anodization.

24. The semiconductor substrate producing method
according to claim 23, wherein said anodization is
performed in an HF solution or a mixture of an HF

solution and alcohol.

25. The semiconductor substrate producing method

according to claim 1, wherein said large porosity layer



The anodi zation condition was as foll ows: Current Density: 10
(mM.cnferr]) 10 Anodi zati on Sol ution: —_—

T koot ot porbus S %6 (terym - 105 =™ A MARARWGRINA

The substrate was oxidized at 400[err]C in the oxygeh €5 ™"athosphere for

2 hours. Through the oxidation, the pore inner walls of porous S
were coated with thernmal - oxidized filnms. Using the MBE (nol ecul ar
beam epi t axy) , method, single-cr s%$l ﬁlGaAs was egita%igl- r.oyn by
0. 5pm on por ousf@fminggstep is p Y| FRARELPEnfi GHETOPE density

1x10 / e il d_into the. ide of th
substrate at o SRefiation Ul Tor e foons0e 848 O 1T (L race

of the Al GaAs | ayer and the surface of a separately prepared support
substrate of low nelting 25 poi nt gl ass were overl apped and abutted

W th each ot hgg, dséﬁﬂ; di0 dute Rtk LbRBLIEDhgat S00[err]C
for 2 hours. %ﬁ?oﬁgh this heat treatnent, the gubstr%tes

- 93 - 5 ver ea f hofbys kpnded e tebrareh a8t Besurface layer o#igh the
sufficient pressure was applied to the bonded wafers perpendicularly

rel ative to theginggphsdfLate; and
a large porosity iayer formed in said porous Si
layer wherein said large porosity layer exists in a
region located at a constant depth from a surface of

10 said porous Si layer.

27. The semiconductor substrate according to
claim 26, wherein non-porous si layer exists on surface
of said porous si layer, and electrodes are formed on

15 surface of said non-porous Si layer and on surface of
said Si substrate, in order that said semiconductor

substrate becomes an EL element.



and uniformy over the in-plane, the porous Si |ayer 5 was divided into

two at the ion-inplanted region. Thereafter, porous Si was
etched with a hydrof l uoric acid solution. Single-crystal A GaAs
remai ned without being etched so that pord®8 Si was sel ective-etched
usi ng single-crystal Al GaAs as etching 10 stopper and fully renoved.
The etching speed of single-crystal A GaAs relative to the etching
liquid is extrenely | ow so that t he thickness reducti on can be
ignored froma practical n Vi ew. Speci fically,

t he single-crysBEﬁTBﬁgﬁAgFl%§%r P Lé éhﬁnn ng O. 5[err]n1|n t hi ckness was

f d th I bst r at
s?:lg?e-gpystgl I9%% A ﬁ?&%@%%yérogv%elr\l&)béoﬁ ﬂ% d&é‘é‘%asgﬁgpcﬁl hg of porous
Si. 20 ﬁr&ﬁﬁciﬁfﬂﬁ%o‘caﬁ%i e éﬂ'&hbisaflat and

transm ssi on el ron mcr t was confirnme no new

crystal def ect spughes hn&ﬁgﬂye;d il G 4eL AlfERE 1y for aoRvebiagd the

excel l ent cryst I ne property was mai nt ained. 25 [ Exanpl e 13]
A first p- 50r Neb¥Bar£d803ading! ndrdysd@tidin in costShgbiighe W th both

si des polished and having 625pmin
- 94 - recycling of a substrate member. For accomplishing
this, a porous-forming step is performed forming a
porous Si layer on at least a surface of an Si
substrate and a large porosity layer forming step is
llO performed for forming a large porosity layer in the
porous Si layer. This large porosity layer forming
step is performed by implanting ions into the porous Si
layer with a given projection range or by changing
current density of anodization in said porous-forming
15 step. At this time, a non-porous single-crystal Si
layer is epitaxial-grown on the porous Si layer.
Thereafter, the surface of the porous Si layer and a
support substrate are bonded together, and then
separation is performed at the porous Si layer with the

20 large porosity. Subsequently, selective etching is

performed to remove the porous Si layer.
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t hi ckness, 0.0l[err].cmin resistivity and 6 inches in

prepared and anodi zed at both sides . thereof in an HF sol ution.

The anodi zation condition was as foll ows: 5 Current Density:
(m.cnferr]) Anodi zati on Sol uti on:

HF:-Herr]O Cerr]Herr]OH=1:1:1 Time: 12 x 2 (m nutes)

Thi ckness of Porous Si: 10 (pn) for e%ﬁﬂ? si de Porosity: 15 (%
10 The substrate was oxidized at 400[err]C in the oxygen

at nosphere for 1 hour. Through the oxidation, the pore inner walls

of porous Si were coated with thernal -
deposi tion) nethod,

(chem cal vapor

15 grown by 1[err]mon porous Si formed at each side. The
growi ng condition was as foll ows. Source Gas:

SiHerr]CJ[err]/Herr]
Gas Pressure: 80 Torr

G owi ng Speed: 0.3 [err]nmmn Further, an SiJerr] layer of
100nm was forned on the surface of each epitaxial Si layer through

t her nal oxi dati on.

1x10[err]/cnferr] were

Gas Flow Rate: 0.5/180 1/mn
Tenperature: 950 [err]C

25 Subsequent |y, hydrogen ions of
inplanted into the porous |ayers at

accel eration vol tage of 100keV.

FIG. 1A

FIG. 1B
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di aneter was

oxidized filnms. Using the CVD
single-crystal Si was epitaxial-



- 95 - The surfaces of the SiJerr] layers and the surfaces

of separately prepared two support Si substrates each f or med
with an Sigerr] layer of 500nm were overlapped and abutted with
each other, and subjected to the heat treatnment at 600[err]C for 2
hours so as to achi eve bondi ng. .%ff the porous Si |ayer was
divided into two at the i on- |rna ed region.

Thereafter, the porous Si |ayer was agitated in a m xed sol ution
(1:5) of 49% hydrofluoric acid and 30% 10 hydr ogen peroxi de water for
sel ective etching. Single- crystal Si remained w thout being etched
so that porous Si was selective-etched using single-crystal Si as
etching stopper and fully renoved. The et ching speed of

non- porous single-crystal Si 15 relative to the etching liquid is
extrenely | ow so that the selection ratio relative to the etching
speed of the porous | ayer reaches as nuch as no |l ess than 10[err]
and t he etching amount (about several tens of angstrons) at

t he non-porous |ayer can be ignored froma practical poi nt of view.
Specifically, the two S|ngle n1L22r] m
in thickness neoy // / g0t¥ilms. No
change was cém on?b\éa WWMM he

sel ective etching J,21
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25 of porous Si. As the result of section observation by a
transm ssion el ectron m croscope, it was confirned that

- 96 - no new crystal defects were introduced into the S

| ayer and the excellent crystalline property was mai nt ai ned.

Simlar results were obtained even mﬁgpq5t form ng 5 the oxidized film
on the surface of the epitaxial Si | ayer. [ Exanpl e 14]

Two first p- or n-type (100) single-crystal Si substrat es each
havi ng 625[err]min thickness, 0.01l[err].cmin 10 resistivity and 5
inches in dianmeter were prepared and anodi zed in an HF sol ution.
The anodi zation condition was as fol | ows: Current Density: 5
(m.cnferr]) Anodi zati on Sol uti on:
HF-Herrl]Oderr]Herr]OHL:1:1 15 Time: 12 (m nutes)

Thi ckness of Porous Si: 10 ([err]m Porosity: 15 (%

The substrates were oxidized at 400[err]C in the oxygen at nosphere
for 1 hour. Through the oxidation, the pore 20 inner walls of porous S

were coated with thernal -

FIG. 3A Lz
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oxidized filnms. Using the CVD (chem cal vapor deposi tion) nethod,

single-crystal Si was epitaxial- grown by 0.55pm on porous Si. The
growi ng condition was as follows. The accuracy of the filmthickness
was 25 2% Source Gas: SiHerr]Cd[err]/Herr]

Gas Fl.ow Rate: 0.5/180 1/mn - 97 -
Gas Pressure: 80 Torr Tenﬁka/r‘!ﬁ ure: 900 [err]C

G owi ng Speed: 0.3 [err]nmmn Further, an SiJerr] |ayer of
100nm was fornmed on the 5 surface of each epitaxial Si |ayer through
t her mal oxi dati on. - a
1x10[err]/c ' ' /} gne of
t he EZ [ at €LA actereratyonvoftdge ot 1o00Kev——10 a
surface of the SiJerr] lay¢r and the surface of a separ affery
prepared support quartz sub$ete—wet-t———exposetd—to—oxygerr—pl asny,
respectively, then overl app | 43

subj ected t hea W 0 _asa,to

i ncrease tthG A)BI ng )4 rgy ;uch
as the uItrasonlc wave was Tpplled to the substrates. 1L~ 41
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Then, the porous Si layer was divided into two at the I on-i npl ant ed
regi on. On the other hand, no change was observed at the 20
substrate which was not subjected to the hydrogen ion i mpl ant ati on.
Thereafter, the porous Si |ayer remaining on the support substrate
side was agitated in a m xed solution /4 (1:2) of 49% hydrofluoric acid
and 30% hydrogen 25 per oxi de mateﬁ fgr sel ective etching.

Si ngl e-cryst al Si renmai ned without being etched so that porous S

S - FIG s oll AR e 7 20

ﬁ,'oeed
of non-porous singlé-crysta relati-ve to the etching ITou

extrenely | ow so that //}TWW/I] r-a

B Ng
speed of 5 t he porous il 10[5er r]

and chi nmou
t he non- por Q‘ayer bet; ' —~ofgvi ew
Specifically, the single-crystal Si |ayer having 10 0. 5[ err ] 1

t hi ckness was forned on thepgua St otrate Dhrelresses] of 1'he
forned single-crystal Si /MM-‘W”&W? 3

thereover. Uniformity of the ™55
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t hi cknesses was 501nm 1lnmw th the hydrogen ion I mpl ant ati on.
Thereafter, the heat treatnent was 15 performed at 1,100[err]Cin the
hydr ogen at nosphere for 1 hour . When eval uating the
surface roughness using an interatom c force m croscope, the nean
squar e roughness at a 50[err]n5§qﬂpre regi on was about 0. 2nm whi ch
was equal 20 to the silicon wafer "On"the nmarket. As the
result of section observation by a transm ssi on el ectron m croscope,
it was confirnmed that no new crystal defects were introduced into
the Si | ayer and the excellent crystalline property was 25

mai nt ai ned. Simlar results were obtai ned even wi thout formng
the oxidized filmon the surface of the epitaxial S

- 99 - | ayer. The single-crystal Si substrate was
reused as a single-crystal Si substrate after renoving remaining
porous Si and perform ng surface-polishing to provide a 5 mrror
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- 100 - VHAT IS CLAIMED | S: 1. A senm conductor

substrate produci ng net hod conpri si ng: a porous-form ng
step for form ng a porous Si 5 | ayer on at |east a surface of an S
substrate; and a large porosity layer formng step for formng
| arge .porosity |l ayer at a constant dea?g froma surface of said
porous Si in said porous Si |ayer. The sem conduct or

substrat e produci ng net hod

according to clarnrl, wherein said | arge

porosity | ayer formng step has an ion inplanting step for inplanting
lons into said porous Si layer with a given projection range. 15

3. The sem conductor substrate produci ng net hod according to claim 2,
further conprising a non-porous | ayer formng step for formng a

/ surface of said porous Iayer before said ion

non- porous | ayer on a
I mpl anti ng St gp.
pr oduci ng acco
| east one kind of nobl e gas
sem conductor substrate pro
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FIG. 7C
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according to claim3, further conprising a bonding step

- 101 - for bondi ng said non-porous |ayer and a support
substrate together; and a separating step for separating said S
substrate into two at said | arge porosity layer. 5 6. The
sem conduct or substrate producing netqgg according to claimb5,
wherein said separating step is eﬂ%orned by heat-treating said S
substrate. 10 7. The sem conduct or substrate produci ng nethod
according to claim5, wherein said separating step is perfornmed by
pressurizing said Si substrate in a direction perpendicular to a
surface thereof. 15 8. The sem conductor substrate producing
met hod according to claim5, wherein said separating step is
performed by drawing said Si substrate in a direction per pendi cul ar
to a surface thereof. 20 9. The sem conductor substrate
pr oduci ng net hod agiording toclaglmbb__wherein said ceqefating step
is perfornﬁ/ltgap ng a s i i
=*BA J-100
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substrate. 25 10. The sem conductor substrate produci ng net hod
according to claim3, wherein said non-porous |ayer is made of
single-crystal Si. - 102 - 11. The sem conduct or
substrate produci ng nmet hod according to claim3, wherein said

non- porous | ayer is made of siE?y1?-crystal Si having an oxidi zed Si
| ayer on a surface to be bonde 12. The

sem conduct or substrate produci ng net hod according to claim3,
wherein sai d non-porous Iayer IS made of a single-crystal conpound
sem conduct or. 10 The seni conductor substrate producing
nmet hod according to cIa|n15 wherein said support substrate is

an Si substrate. sem ¢onductor substrate producing
met hod 15 according to cla|n1é§ﬁ£? ggZisald support substrate is

an Si substrate having an oxidiz ron a surface to be

bonded. 77773101
4~100
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15. The sem conductor substrate producing nethod 20

5, wherein said support substrate is

5, wherein said bonding step is

pressuri zation,

according to claimb5,
after said separating step,
on a surface of said 5

| ayer.

al cohol

of al cohol

and hydr ogen
hydr of | uori ¢ aci d,
and hydrogen peroxi|de

heat treat
17. The sem con

25
ment

ductﬂﬁ/gab

further conprising a porous S
for renoving
support substrate and exposing said non-porous

accord

accord

the porous S

ing to claim

a light transmttable substrate.
16. The sem conductor substrate produci ng net hod
performed by anode bondi ng,
conbi nati on t hereof.

strate produci ng net hod

ing to claim

- 103

renovi ng step,

| ayer exposed

18. The sem conductor substrate produci ng net hod
according to claim17, wherein s
perfornmed by an el ectrol ess wet

hydrofluoric acid, a m xed quU|

pera
and a m xed

aid gorous Si

alned by addi ng at
AQ [)

15

renDV|ng
at | east

/dr,@f | uori c aci
Bﬁ addi n

wat er p}IHOOfered hydr
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19. The sem conductor substrate produci ng net hod according to claim
17, further conprising a flattening step for flattening a surface of
sai d non-porous |ayer 20 after said porous Si renoving step.

20. The sem conduct or substrate produci ng nmet hod according to claim
19, wherein said flattening step is 12perforned by heat treatnment in

t he at nosphere including 25 hydroglh( 21. The sem conduct or
substrat e produci ng net hod : - 104 -
according to claim5, wherein said porous-form ng step forms porous
Si layers on both sides of said Si substrate, and said bonding step
bonds two support substrates to said porous Si |ayers fornmed on both
5 sides of said Si substrate. 22. The sem conduct or
substrate produci ng nmet hod according to claimb5, further conprising

a second non- porous | ayer gg rNng 7 , after said separating step,
10 for form ng non-porous | ayer %l of K surface of sai d
porous Si layer, and a second ion inplanting step,
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after said second non-porous |layer formng step, for I npl anting ions

Iinto said porous Si layer with a given projection range and form ng
| arge porosity layer in 15 said porous Si |ayer. 23. The
sem conduct or substrate produci ng net hod according to claim1,
wherein said porous-formng step s perfornmed by anodi zation. 20
24. The sem conduct or substrate prongfﬂgsnethod according to claim
23, wherein said anodization is performed in an HF solution or a

m xture of an HF solution and al cohol. 25 25. The

sem conduct or substrate produci ng net hod according to claim1,
wherein said |large porosity |ayer -
105 - formng step is performed by changing a current density

of anodi zation in said porous-formng step. 26. A

sem conductor substrate conprising: 5 0" QUS Si_|layer forned at a
surface | ayer of an Si substrate; and N 122 a1 3rge porosity

| ayer forﬁfGn Woroub Sr }
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| ayer wherein said |arge porosity layer exists in a _ regi@ﬁ”ﬂ%&QVédgat
a.constant depth froma surface of. 10 said porous Si |ayer. .

27~ The seniconductor substrate according to claim 26, wherein

non- porous si |ayer exists on surface of said porous si |ayer, and

el ectrodes are formed on 15 surface ot said non-porous Si |ayer and on
surface of said Si substriate, in order that said sem conductor

substrate becones an EL el enent.
SEMICONDUCTOR SUBSTRATE AND PRODUCING METHOD THEREQF

BACKGROUND OF THE INVENTION
Field of the Invention

5 The present invention relates to a semiconductor
substrate and a producing method thereof. More
specifically, the present invention relates to
dielectric isolation or a producing method of a single-
crystal semiconductor on an insulator and a single-

10 crystal compound semiconductor on an Si substrate, and
further relates to a producing method of a
semiconductor substrate suitable for an electronic
device or an integrated circuit formed at a single-
crystal semiconductor layer.

15 Related Background Art

Formation of a single-crystal Si semiconductor
layer on an insulator is widely known as a silicon on
insulator (SOI) technique and has been researched to a
large extent since a device utilizing the SOI technique

20 has a number of advantageous points which can not be
achieved by a bulk Si substrate forming the normal Si
integrated circuit. Specifically, for example, the
following advantagecus points can be achieved by
employing the SOI technique:

25 1. Dielectric isolation is easy and high integration

is possible;

2. Radiation resistance is excellent; REPLACEMENT SHzeT |
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10

15

20

106

SEMICONDUCTOR SUBSTRATE AND PRODUCING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

A method is provided for producing, with high
reproducibility, an SOI substrate which is flat and
high in quality, and simultaneously for achieving
resources saving and reduction in cost through
recycling of a substrate member. For accomplishing
this, a porous-forming step is performed forming a
porous Si layer on at least a surface of an Si
substrate and a large porosity layer forming step is
performed for forming a large porosity layer in the
porous Si layer. This large porosity layer forming
step is performed by implanting ions into the porous Si
layer with a given projection range or by changing
current density of anodization in said porous-forming
step. At this time, a non-porous single-crystal Si
layer is epitaxial-grown on the porous Si layer.
Thereafter, the surface of the poroﬁs Si layer and a
support substrate are bonded together, and then
separation is performed at the porous Si layer with the
large porosity. Subsequently, selective etching is

performed to remove the porous Si layer.
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