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Semiconductor Member and Process for

Preparing Semiconductor Member

BACKGRQUND OF THE INVENTION

Field of the Invention

This invention relates to a semiconductor
member and a process for preparing a semicondgctor
nember, more particularly to a semiconductor ﬁhich is
suitable for separation of dielectric materials or
electrénie devices, integrated circuits prepared on a
monocrystalline semiconductor layer on an insulating

naterial.

Related Bacgground Art

Formation of a monocrystalline Si
semiconductor layer on an insulating material has been
widely known as the silicon on insulator (SOI)
technology. and since a large number of advantages
which can not be reached by bulkISi substrates for
preparation of_convéntional Si integrated circuits are
possessed by the device utilizing the SOI structure,
éo many researches have been done. More specifically,
by utilizing the SOI structure, the following
advantages can be obtained:

1. Dielectric isolation can be easily done to
enable high degree of integration;

2. Radiation hardness is excellent;

[
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] 3. Stray capacity is reduced to attain high
speed;

4._We11 formation step can be omitted;

6. Latch-up can be onventcd;

s 6. Pully depleted field effect transistor can
‘be made by thin film forhation.

In order to realize the many advantages in
device characteristics as mentioned above, studies
have been made about the method for fotning the SOl

10 structure for these some 10 years. The contents are
summarized in, for exumple, the llterafure as
mentioned below:

Spécial Iassue: “Single-crystal silicon on non-—
single~orystal insulators“; edited by G.W. Cullen,

15 Journal of Cryatal Growth, volume &3, N¢.3, PP. 429 -
$90 (1983).

Al#o. it has been known for a long time to
form the SOS (silicon on-sapphire) structure by
hetaroeplitaxy of Si on a monocrystalline sapphire

20 eubstrate by CVD (chemical vapor deposition) néthod.
This was successful to eome extent as the most ‘mature
SO1 technique, but for such.ieasons a8 a large amount
of crystal detecfs because of lattice mismatching at
the interface batween the Si layer énd the sapphire

15 substrate, introduction of aluminum from the sapphire

substrate into the Si layer, and above all the high

This Sheet Has Been Replaced
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1 "cost of the substrate and delay in enlargement of the
aubstrate wafer éize, it is obstructed from being
widely applied. Relatively in recent feara, attempts
To realize the SOI structure without use of a sapphire
subgstrate have been done. Such attemrpts may be
broadly classified intc the three shown below.

(1) After surface oxidation of a Si
monocrystalline substrate, 8 winaow is formed to have
the Si substrate partially expoesed, and epitexial
10 growth ie proceeded in the laleral direction gztn ihat

~exposed portion as thé seed to form an Si
monocrystalline layer on Sioz. {In this caase,
deposition of Si layer on 5102 is accompanied).
(2) By use of a Si monocrystalline eubstrate
15 itself as active layer, Sio2 is formed therebeneath.
(This method is accompanied with no deposition of Si
layer). |
(3) After epitaxial growth of Si on a Si
monocrystalline substrate, isolation separation is
20 effected. (This method ie accompaniled with depﬁsition
of Si layer). |
As the means for realizing the abeve (1),
there have been known the mcthod in which a
monocrystalline Si layer 1s formed directly to lateral
25 epitaxial growth by CVD, the method in nh;ch amorphous

$1 is deposited and subjected to solid phase lateral

*—~—~—————————___;__
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epitaxial growth by heat treatment, the method in
which amorphous or polycrystalline Si layer is
irradiatod.aonvergentlylwith an enérgv beam such as
electron beam, laser beam., etc. and a monocrystalline

layer 1s grown on Sio? by melting and

| &

recrystallization, and the method in which a melting
region is scanned in a zone fashion by a rod-shaped
heater {Zone melting reorystallization). These
methode have both advantages and disadvantages, the

10 still have many problems with respect to
controllabdlity, h:oductivify, uniformity and
quality, and none of them have been industrially
applied vet up to daté. For example, the CVD method
requires sacrificec-oxidation iu flat thin film

i5 formation, while the crystallihity is poor in the
solid phase growth method. On thé other hand, 1n the
beanm annealing method, problems are involved in
controllability such as treatment time by converged
bean scaﬁnlng, the manner of overlapping of beans,

20 focue adjustnént, etc. Anong.tnese, the Zone Melting
Recrystallization method is the noaf mature, and a |
relatively larger scale integrated circuit haa been
trially made, but still a large number of orystal
defects such as point defect, line defect, plane

25 defeet (suﬁ-boundary), etc. remain., and no device

driven by minority carriers has been prcpared.

_____’_’_'___——-———-__
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Concerning the method using no Si substrate as

1
the seed for epitaxial growth which is the above
method (2). for example, the following methods =mmy be
included.

5 1. An oxilde fiim is formed on an Si
monocrystalline substrate with V-grooves as
anigsotropically etched on the surface, a
polycrystalline Si layer 1a deposited on the oxide
£ilm thick to the extent as the Si substrate, and

1g ‘thereafter by polishing from the back surface of the
Si substrate, Si monoccrystalline regions
dieIectrically scparated by surrounding with the V-
grooves on” the thick polycrystalline Si layer are
formed. In thia nethcd, although crystallinity is

15 @ood. there arc problems wilh respect to
controllability and productivity in the step of
depositing the polycrystalline Si thick as soxe
hundred miorons and the step in ﬁnich the

. monocrystalline Si substrate is polish@d from the back

20 surface to leave only the Si active layer as

separated.’
2. This is the method called 3IMOX

(Separation by ion-implanted oxygen) in which an Sio2
layer is formed by ion implantation of oxygen lato an

2y Si monocrystalline substrate, which is one of the most
mature methode because of good matching with the Si—Ié
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(Inlegrated Circuit) process. However, for formation

18 iona/cnz or more of oxygen

of the 5102 layer, 10
{ons are required to be implanted. and the
implantation time is very long to be not high in
productivity, and aloo the wafer cosi i3 hign.
Further, many crystal defects remin, and from an
industrial point of view, no sufficicnt level of
quality capable of preparing a dévlce driven by
minority carriers has been attained.

3. This fs the method to fourm an S0l
structure by dielectric lﬁolation according to
oxidation of porous Si. This ie a methed fo which an
F-type Si layer is formed on the surface of a P-type
$i monocrystalline substrate in shape of islands by
way of proton ion implantation (Imai et ali, J.
Cryatal Growth, Vol. 63,5347 (1983)), or by epitaxial
growth and patterning: only the p-type §i substrate is
made porous by anodizatiﬁn in HF solution so as to
aurround the Si {slands from the surface; and then the
N-type Si islands are dielectrically isolated by
accalerate& oxidation. In this ﬁethod; the separated
Si region is determined betore the device steps,
whereby there is the problem that the degree of
freedom 1n device and circuit design may be limited in

soma gases.

A3 the method (3) as described above, the

This Sheet Has Been Replaced
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method described in Japanese Laid-open Patent
Application No. $6-16464 has the steps of forming an K-
type nonocryatalliﬁe §1 layer on a P-type Si wafer,
providing a glass layer containing an oxide of the N-
type impurity thercon and the step of bonding the
glass layer to a glass layef containing the oxide of
an N-purity impurity provided on another silicon wafer
by heat treatment. And, subsequent ta the bonding
step, the P-type Si wafer is made porous, and then the
porous layver i{s oxidiged, followed by etching to
remove the porous layer, theredby forming an SOI
atructuﬁe. Also, Japanese Patent Publication No. $3-
45675 discloses a method in which a silicon
monocrystalline water is made porous, then oxidized.to
make the poroua layer higher in resistance; a
monocrystalline 5i layer 1s formed on the porous
silicon iayer: and a part of the monocrystalline Si
layer is made porous and higher in resistance so as to
surround the monoucrystalline S{ region, thereby
separating the monocrystallinc Si reglion.

The nothod; dascribed in these publications
all inelude the step of oxidizing a porous layér, and
because the volume of porous layer is increased by
oxidation, somctimes an infiuence of distortion may be
exerted on the monocrystalline Si layer, and therefore

in these methods, a wonocrystalline Si layer with

This Sheet Has Been Replaced
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constantly good Quality could aot necessarily be
formed on the insulator.

SUMMARY OF THE INVENTION

An object of the present invention is_to
5 provide a semiconductor member capable of overcoming
tha problems as-describcd above and meeting the
demands as desacribed above and a process for preparing
the menber.
Another object of Lhe present invention is to
10 provide a semiconductor having a monocorystalline layer
excellent in cryatallinity equally as monocrystalline
SOI'wafer, and a procesé for preparing the member
excellent.aiso in aspects of productivity, uniformity,
controllability, econoay.

15 Still another objeét of the present invention
is to provide a semiconductor member having excellent
characterigstioe which can be surrficiently alternative
for expensive $0S or SIMOX even in preparing a large
scale integrated circuit by the SOI structure and a

20 PpProcess for preparing Lhe member economically.

Other obJ;cta of the present invention than
those as mentioned above are:

to provide a process for preparing a
semiconductor member comprising the ateps of:

25 forming a member having a non—parous

monooryatalline semiconductor region on a porous

_‘___—__ﬂ_*______ﬂ_,__,
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monocrystalline semiconductor region,

bonding the surface of a member of whioch the
surface is conatituted of an ineulating subutance onto
the surface of the non-porous monocrystalline
senmiconductor region, and then

removing the porous monoccrystalline
semniconductor region by chemical etching:

to provide a process for preparing a
semiconductor member comprising the steps of:

forming a member having a non-porous
monocrystalline semiconductor region on a porous
nonocrystéllina semiconductor region,

forming a region constituted of an inﬁulating
substance on the non-porous monoorystalline
seniconductor side of the member, then

bonding the surface of a member of which the
surface 1s conatituted of an insulating substance onto
the surface of the region constituted of the
insulating subsiance:-and

removing the porous monocrystalline
semiconduotor rcéion by chemical etching:

to provide a process for preparing a
seniconductor member comprising the steps of:

making a non-porous monocrystalline
seniconductor member poroué to form a porous

monocrystalline semiconductor region.

—_—
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tormihg a non-porous monccrystalline
sericonductor region on the pofous monocrystalline
semiconductor reginn. |

bond1n§ the aurface of a member of which the
surface is constituted of an insulating substance onto
the surface of the non-porous monocrystalline
seniconductor region, and

removing the porous nonnérystalline
semiconductor region by chemical etching;
| to provide a process fér preparing a
semiconductor member comprising the steps of:

making a non—poraﬁs monocrystalline
seniconductor meuber porous to form a porous:
monocrystalline semiconductor. region,

foraing a non-porous monocrystalline
semiconductor regicn on the porous monocrystalline
semiconductor region,

forning region counstituted of an insulating
aubstance on the non-porous nonocrystalline
semiconductor region side,

bonding the surface of a member of which the
aurface is constituted of an 1nsﬁ1ating substénce'onto
The surface of the rogion constituted of the
inaulating substance, and .

rénoving the porous monocrystalline

semiconductor region by chemical etching;

This Sheet Has Been Replaced
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1 to.ﬁFOVide a proccas for preparing a
semiconductor member cumprising the steps of:
making a first non-porous monocrystalline
samiconductor member partially porous to form a porous
5 monocryetalline aemiconductor region and a saecond non-
porous monocrystalline semiconductor region,
forming a third non-poruus monocrystalline
genioonductor region on the porous monocrystalline
semiconductor region,

10 bonding the surface of a member of which the
surface is constituted of an insulating substance onto
the surface of the third non-porous mounccrystalline
seniconduc}or region, and

. removing the second non-porous monocrystalline

15 semiconductor region mechanically, and removing the
porous monocrystalline semiconductor region by
chemi{cal etching:

to provide a process for preparing a
semiconductor member comprising the steps of:

20 making a first non-porous mouocrystalline
semiconductor member partially porous ta form a poraeus
monoerystalline semiconductor region and a second non-
porous monocrystalline semiconductor region,

forming a third non-porous monocrystalline
25 semiconductor région on the porous monocrystalline

gsemiconductor region,

—_—
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forﬁing a region .constituted of an Insﬁlating
substance on the third non-porous monocrystalline
semiconductor region aide,

bonding the surface or a nember of which the
surface is canstituted of an insulating substancc onto
the surface of the region consatituted of the
insulating substance, ana

removing tha second non-porous nonccrysfalline
rericonductar mcchanically, and cemoving the porous
Bonocrystalline semiconductor region by chenmical
etching:

to provide a process for prepafing a
seniconductor member compriaing the stepe of{

forming a second monocrystalline semiconductor
region of a second electroconduction type on a first
monocrystalline semiconductor raeagion of a firast
electroconduction type,

making the fiprst Bonocrystalline cqnioonducior
region paorous to form 2 porous monocrystalline
semiconductor region,

bonding the sﬁrtace of & member of which the
surface is formed of an insulating substance onto the
surface of the second noﬁucrystall1ne-semiconductor

region, and

-

remaoving the Porous monocrystalline

semiconductor region by chemical etehing;

h“§“““**--~\\_
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ta provide a process for prepuring a
semioconductor member comprising the steps of:

forming a second monocrystalline semiconductor
region of a gsecond electrecanduction type on a first
monocrystalline semjconductor region of a first
electroconduction type,

making the first monocrystalline semiconductor
region porous to form a porous monocrystalline
seniconductor region,

forming a region constituted of an insulating
aubstance on the second monocrystalline semiconductor
raegion side,

bo?ding the surface of a memnber of which the
surface 1s formed of an insulating aubatance onto the
surface of the seocond monocrystalline seniconduétor
region, and

removing the porous monocrystalliue
semiconductor region by chemical etching:;

to provide a samiconductor member comprising:

a first member having a nou-porous
monocrystalline semicunductor region on a poroue
monocrystalline semiconductor regioa,.and

a second member having the surtace
conatituted of an inaulating substance bonded onto the

surface of the non-porous monocrystalline

gsemiconductor region;

is Sheet Has Been Replaced
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to provide au semiconductor member compriaing:

a flrst member having a non- porous
nonocrystalline semiconductor region and a region
oconstituted of an insulating substance arranged in
this crdér on a porous monocrystalline semiconductor
region, and

a second member bonded through a region
constituted of an insulating substance onto the
surface of the region constituted of the insulating
substance;

to provide a semiconductor member having a non-
porous silicon monocrystalline semiconductor region |
arranged og a region constituted of an inaulating
substance, characterized in (hat the dislocation
defect density in the non-porous silicon

monocrystralline semiconductor region is 2.0 x 104’/cn2

or less, and the life Uime of carriers 1a §.0 x 10 *
second or longer; aﬁd |

to provide a seaiconductor member having a non-—
porous silicon monocrystalline semiconductor region
arranged on a region constituted of an insulating
subhatance, charaétérized in that the qislocation

defect density in the non-porous silicon

zonocrystalline semiconductor region is 2.0 X lo‘lcm2

or less, and the iife time of carriers {s 5.0 x 10"4
sec or longer, and also the differance between Lhe
This Sheet Has Been Replaced
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maximum value and the minimum value of the thickness
of the silicon monocrystalline semiconductor regicon is
10% or less with respect to maximum value. .

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 through.13 are schematic illustrations -
of the examples of the ateps of the procesa for
preparing the semiconductor member of the preasnt
invention. |

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Preferable semiconductors of the present
invention are as described below.

A semiconductor member of the present
invention comprises:

a first member having a non-porous
monocrystalline semiconductor region provided on a
porous monocrystalline semiconductor region, and

a second member having the surface
constituted of an insulating substance bonded onto the
surface of the‘né;—pozouﬁ monocrystalline
sexiconductor region.

Another aenicon4ﬁc£or member comprises:

a first member having a non-porous
monocrystalline semiconductor region and a region
constituted of an ihsulating substance'arranged in

this orde: on a porous monocrystalline semiconductor

region, and

____~*______~______-_
This Sheet Has Been

[T i



10

20

25

‘region is 2.0 x 104/cm

a second member bonded through a region
constituted §f an insulating substance onto the
surface of the region constituted of the insulating
subsatance.

Still-another semicohdﬁctor member has a non-
porous silicon monocrystalline semiconductor region
arranged on a region constituted of an insulating
substance, wherein the dislocation defect density in
the non-porous silicon m§nocrystalline'semiconductor
2 or less, and the life time of
éarriers is 5.0 x 10—4 sec or longer.

stiii another semiconductor negber has a non-
porous silicon monocrystalline semicanductor region
arranged on a region constituted of an insulating
substance, wherein the dislocation defect density in
the'non-porous silicon monocrystalline semiconductor

region is 2.0 x 104/cn2

or less, and the life time of
carriers is 5.0 x 103 sec or longer, and also the
difference between the maximum value and the minimum
value of the thickness of the silicon monocrystallihe
senjconductor region is 10% or less, with respect to
the maximum value.

Preferable processes for preparing the
sémiconductor nenber of the present invention are as

described below.

A process for preparing a semiconductor member

This Sheet Has Been Replaced
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of the present invention comprises:

forming a member having a non-porous
monocrystalline aegiconductor region on a porous
monocrystalline semiconductor region,

bonding the surface of a member of which the

. surface is constituted of an insulating substance onto

the surface of the non-porous monocrystalline
asemiconductor region. and then
- removing the porous monocrystalline

semiconductor region by chemical etching.

Another process comprises:

form}ng a member having a non—-porous
monocrystﬁlline semiconductoi region on a porous
monocrystailine.semiconductor region,

forming a regicn constituted of an insulting
substance on the non~porous monocrystalline
seniconductor side of the member, then

bonding the surface of a member ¢f which the
surface is constituted of an insﬁlating substance onto
the surface of the region constituted of the
inasulating substance, and

femoving the poréus monocrystalline
semiconductor region by chemical etching.

Still another pracess comprises:

making a non-porous .monocrystalline

semiconductor member porous te form a porous

This Sheet Has Been Replaced
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monocrystalline semiconductor region,

forming a non—-porous monocrystalline
seniconductof region on the porous monocrystalline
senicondgctor region,

bonding the surface of a member of which the
surface is constituted of ah insulating substance onto
the surface of the non-porous monocrystalline
semiconductor region, and

removing the porous monocrystalline
semniconductor region by chemical etching.

Still another process comprises the steps of:

naking # nén—porous monocrystalline
semiconductor member porous to form a porous
monocrystalline semiconductor region,

forming a non-porous nonocrysta;line
semiconductor region on the porous monocrystalline
semiconductor region,

forming a region constituted of an insulating
substance on'the non-porous monocrystalline
senmiconductor region side,

bonding fhé surface of a member of which the
surface 1s constituted of an insulating substance onto
the surface of the region constituted of the
insulating substance, and

removing the porous monocrystalline

semiconductor region by chemical etching. -

\\
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Still another process comprises the steps of:

making a first non-porous monocrystalline
seniconductor member partially porous to form a porous
monocrystalline semiconductor region and a second non-
porous monocrystalline semiconductor region,

forming a third non-porous monocrystalline
semiconductor region on the porous monocrystalline
seniéonductor region,

bonding the surface of a member of which the

‘surface is constituted of an insulating substance onto

the surface of the third non-porous monocrystalline
semiconductor region, and

removing the secénd non—-porous monocrystalline
seniconductor region by nechanical.grinding, and
removing the porous monocrystalline semiconductor
region by chemical etghing.

| Still another process comprises the steps of:

‘making a first non—forous monocrystalline
semiconductor member partially porous to form a porous
monocrystalline $eniconductor region and a second non-
porous monocrystalline seniéonductor region,

forninq a third non~porous monocrystalline
semiconductor region on the porous monocrystalline
sem{conductor région,

forming a region constituted of an insulating

substance on the third non-porous monocrystalline
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gemiconductor region side,

bonding the surface of a mcmber of which the
surface 1is constituteq of an insulating substance ounto
the suxface of the region constitﬁted of the
insulating substance, and

removing the second non—porous monocrystalline
seniconductor by mechanical grinding, and removing the
porous monocrystalline semiconductor region by
chemical etching.

Still another process comprises the oteps of:

forming a second monccrystalline semiconductor
region of a second conduction type on a first
nonocryataliinc.aeﬁiconductor region of a first
conduction type,

making the first monocrystalline semiconductor
region porous to form a porous monocrystalline
seaiconductor region,

forming a region constituted of an inéulating
material on the second monocrystalline semiconductor
region side,

bonding the surface of a member of which the
surface is constituted of aﬁ insulating substance onto
the surface 0! the second monoarystalline

semjconductor ragion, and

removing Lhe porous monocrystalline

semiconductor region by chemical etching.
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§till another proceece comprises tha steps of:

forming a second monocrystalline semiconductor
reagion of a sacond electroconduction type on a first
acnocryatalline semiconductor region of a firset
electroconduction type,

naking.the first nonocrystélline semiconductor
region porous to form a porous monocrystalline
semiconductor region,

forming a region constituted of an insulating
substance on the second monocrystalline semiconductor
region side,

bonding.the surface of a member of which the
surface is.}ormed of an insulating substance onto the
surface of the ragion conatituted of the insulating
substance, and

removing the porous nonocrystalllﬁe
seniconductor region by chemical etching.

The semiconductor menber of the present
invention has a nouocrystaliine semiconductor ;egion
where carrier life tino iz long and the defcct ia
extremely little on an insulating material with
excellent uniformity of thickness, and is applicable
to various semiconductor devices. Also, the
semiconductor member of the present invention is
capable ¢of high speed rasponse, and is applicable to

seniconductor devices rich in reliability. The
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semiconduclur member of the present invention can be
also an alternative for expensive S0S or SIMOX.

The process for preparing'a'seniconductor
member of the present invention provides a process
excelient in aspects of productivity, uniformity,
controllability, economy in obtaining an Si erysatal
layer having crystallinity equal to monocryatalline
wafer on an inaulating material.

Purther, according to the process for
preparing a semiconductor nénber of the preéent
invention, it is posaible to prévide samiconductor
members wherein the advantages of the SOI device of
the prior ;rt can be realized and applied.

Also, according to the present invention,
there can be provided a process for preparing a
semiconductor member which can 5e an alternative for
cxpensive SOS or SIMOX alse in preparing a large sca
integrated circuilt of SOI structure.

The procesas for preparing a semiconductor
momber of the preoent invention, as ie described in
detail 1n'zxanp1es, pakes 1t possidble to perform the
treatment efficiently within a short time, and is
excellent in its productivity and econonmy.

Referring now to silicon as an example of
semiconductor materials, the present invention is

described in detail, but the semiconductor material
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the precocnt invention ie not limited to silicon at
all.

In porous Si iayer, according to observation
by transmission electron microscopy, pores with
diameters of about 600 angstroms on an average are
formed, and despite the fact that their density is
half or laower as ﬁompared with monccrystalline
silicon., momocrystallinity is maintained. Monocrystal
rafaers to a crystalline soclid such thaf, when calling
attention on an optiopal crystal axis, its direction
18 the same at any part of the sample, and the porous
layer used in the preeent invention, although having
pores therethrough, the crystal axis in the

erystalline region is the same in the direction at aay

part, thus being monocrystalline. And, epitaxial

growth of a monocrystalline Si layer onto the porous
layer is poesible. However, at a temperature of 1000
°C or higher, rearrangement of the atoms positioned
around thelinner pores takes place, whereby the
characteristics of accelerated ohecmical etching may be
sometimes impaired. For this reason, in the present
invention, tor epitaxial grawth of Si layer, there may
be suitably used the crystal growth method capable of
low temperature growth such as molecular beam
epitaxial growth, plasma CVﬁ. low pressure CVD method,

photo CVD, biaa-oputtering method, liyuid phase growth

This Sheet Has Been Replaced

[

11



10

15

20

23

-
"

svaee
L]
.

- 94 -

[

TyNY Ao
-
.

method, etc.

Since the porous layer has a large amount of
volds formed internally thercof, ita density can be
reduced to half or lower. As the result, the surface
area per unit volume (spaecific surface area) can be
dramatically increased, and therefore its chemical
etching rate is remarkably accelerated as compared
with that of the ctohing rate of conventional non-
porous monocrystalline layer. The present iInvention
utilizes the two above-mentioned characteriatics of
the semiconductor as nade porouﬁ, namely the fact that
single crystallinity is maintained and a non—porous
senicondﬁct;r monocrystal can therefore be epitaxially
grown on the semiconductor substrate as made porous,
and the fact that etching rate ;s remarkably more
rapid as compared with non-porous monccryatal, whereby
a non-porous semiconductor monocrystalline layer of
high quality can be formed on a substrate having an
ineulating matorial surface within a short time.

The porous layer can be more readily formed on
a P-type si layer.than.an N-type Si layer for the
following reason. First, a poroﬁs S$i was discovered
by Uhlir et al. in the research process of
alectrolytic polishing of semiconductor in 1956 (A.
Uhlir, Bell Syst. Tech. J., vol 35, p.333 (1936)}).

Unagami et al. studied abeaut the dissolving
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1 reactioﬁ-of Si in anodizaﬁion, and has reported.that
positive holes are necessary for the anodic reaction_
of S1 in an HF solution, and the feaction is as
follows (T. Unagami, J. Electrochem. Soc., vol. 127,

s Dp. 476 (1980} ).

Si + 2HF + (2-n)e’ —> SiF. + 2H' + ne

2

Sin + 2BF —> SiF4 + H

Si.F4 + 2HF —> H251F6

2

or
1o S + AHF + (4 — A)e” —> S1F, + 4H' + Ae”

SiF, + 2HF —> H,SiF. '

Here, e’ and e~ represent a positive hole and
an electron, respectively. n and A are respectively |
nunbaersgs of positive holes necessary for dissolving one

15 atom of silicon, and it has been postulated that
porous silicon is formed when satisfying the candition
of n > 2 or A > 4.
For the reasons mentioned above, the P-type
silicon in wﬁich positive holes exist will be more
20 | readily made porous than the N-type silicon of the
opposite characteristic. Selectivity in such pore
structure formation has been verified by Naganc et al.
{(Nagano, Nakajima, Yasuno, Ohnaka, Kajiwara; Denshi
Taushin Gakkai Gijutsu Kenkyu Hokoku, wvol. 79, SSD 78-
25 9549(1979)) and Imal, (K. Imai; Solid-State

Electronics vol. 24, 159 (1981)). However, depending
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1 on the conditions, the N-type silicon can be also made
':borous.
Referring now to the drawings, the present
invention is described in more detail.

s Embodiment 1

Description is made about the process for
:obtaining a semiconductor suBstrate by naking.porous
all of a P-typec substrate and permitting a
monocrystalline laver to ﬁe epitaxially grown.

10 Ag shown in Fig. 1A, first a P-typc Si
monocryatalline substrate i3 provided, and all of it
is made porous. According to the crystal growth
method capable of low temperature growth as mentioned
above, epitaxial growth is effected on the substrate

156 surface as made porous to form a thin film |
monoaorystalline léyer 22. The above P-type si
subustrate is made porous by the anqdization method by
use of an HF solution. The porous Si laycr 21 can be

varied in jte density to a range of 1.1 to 0.6 QICn3

20 by varying the HF solution concenfratioﬁ to 50 to 20%
as conmpared with ;hc aeneity 2.33 g/cn3 of the
monocrystalline Si. -

Subsequently, as shown in Fig. 1B, by
providing another Si substrate 23 and after forming an

26 oxidized layer 24 on its surface, the Si substrate 23

having the oxidized layer 24 on the surfacc is bonded

—
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ento the surface of the monocrystalline layer 22 on
the porous Si substrate 2@. “Then, as shown in Fig.
1C, the porous 3i subaslrate 21 is all etched away to
form a thin fiim~like monocrystalline silicon layer 22
remaining on‘the Sio2 layer 24. In the present
invention, since the porous semiconductor layer is
etched away without application of the oxidation
treatment on the porous aemicqnductor layer, the
oxidation swelling of the porous'semiconductor layer
can be prevented, whereby the influence of distortion-
on the monocrystalline layer as epita#ially grown can
be prevented. According to this method, the
monoorystalline 81 layer 22 equal to silicon wafer in
crystallinity ia formed flat and yet uniformly thinly
over the whole wafer region with a large area on the
oxidized 61 layer 24 which is an insulaling material.
The semiconductor substrate thus obtained can be
suitably used alsc with respect to preparation of ean
insulation separated electronic device.

Here., the thickness of the non-porous
semiconductor cryetalline layer to be formed on the.
porous semiconductor substrate may be desirably made
preferably 50 um or less, more preferably 20 pm or
less, for forming a thin film semiconductor device on
the above semiconductor ﬁonocrysta]line layer.

Bonding between the above non porous
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semiconductor monocrystal and the substrate haviang the
insulating material surface should be preferably
performed in an'atﬁosphere of nitrogen, an lnert gas
or a gas nixtﬁre of these, or in an afnosphere
containing arn inert gas or nitrogen, and further
desirﬁbly under heated state.

As the etchant for selectively etaching the
above semiconductor substrate as made porous with the
abave non-porous semiconductor monocryétalline layer
as bonded onto the substrate haviang the insulating
materlial surface being left io remain, for exanmple.
there may be employed stchants such as aqueocus sodium
hydroxide solution, agqueous éotaaaium hydroxide
solution, hydrofluoric acid-nitric acid-acetic acid
mixed solution, etec.

The substrate having an insulating material
which can be used in tﬁe preasent invention may be one
with at least its surface being conatituted of an
insulating material, or oné with #ll of the substrate
being constituted of an iﬁsulating material. Examples
of the substrate Qith the surface belng constifuted.of
an insulating material may include monccarystalline or
polycrystalline silicon substrates having the surface
oxidized, electroconductive or semiconductive
substrates having a layer of an insuléting material

. /
such as oxide, nitride, boride, etc. formed on the
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1 surface, etc. Specific examples of the substrates
wholly constituted of an 1ﬁsu1ating material may
include substrates conprising insulating materials
such as fused silica glass, sintered alumina, etc.

5 Meanwhile, in the present Erbodiment 1, an
examp;e cf forming a non-porcus semiconductor
monocrystalline layer on a porous semicondﬁctor
substrate has been shown, but the present invention is
not limited only to the mode of the Bmbodiment 1 as

10 .described above, but a porous semiconductor substrate
having a non-porous senicoﬁductor monocrystalline
layer may be ;lso formed by apply;ng a pore forming
treatment on a substrate having a monocrystalline
layer comprising a material which can be made poroﬁa

15 with difficulty (e.g. N—%ype silicon) and a layer
comprising é material which can be readily made porous
(e.g. P-type silicon).

Also, in the step of removing the porous
seniconductor substrate by etching, the substrate may

20 be also coated with an etchin§ preventive material
except for the porous semiconductor substrate during
etching, so that the non-porous semiconductor
monocrystalline layer and the substrate having the
insulating material surface may not be deletericusly

25 influenced by the etchant;

' The non~porous monocrystalline layer on the

_\
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insulating material thue formcd can be one having §.0
x 10-‘ sec. or longer in lerms of the life time or
carriers, having remarkably less crystal defect such
as through dielocatfon, ctc. and also being extremely
amall in distribution of the layer thickness of the
semiconductor monocrystalline layer. Specifically,
the dislocation defect density becomes 2 x 10‘/0&2 or
less, and concerning the layer thickness of the
semiconductor monocrystalline layer, within the range
of the area of the semiconductor monocrystalline layer

2 vo 500 cm?

from 20 cm (2 inches wafer to 10 inches
wafar), the differenoce between the maximum value and
the minimum. value of the thickness of the
seniconductor monocrystalline layer can be suppressed
below 10% or leoss based on the maximum value.

In the following. other émbodinents are shown.

Rmbodiment 2

Referring now to Figa. 2A to 2D, Embodiment 2
is described in detail.

Pirst, as shown in Fig. 2A, a low impurity
concentration layér 122 13 formed by epitaxial growth
according to wvarious thin film growth methods.
Alternatively, protons may be ion implanted into the
surface of the P-type Si monocrystalline substrate 121
to torm an N-type monocrystalline layér 12z.

Next, as shown in Fig. 2B, the back surface of
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the P-type monocrystalline substrate 121 is denatured
into a porous S$Si substrate 123 éccording to the
anodization method by use of an HF solution. The
porous Bi layer 123 can be varied in ils density 1o a

range of 1.1 to 0.6 q/cn3 by varying the HF solution

~concentration within the range of 50 to 20% aa

compared with the density of the monocrystalline $i of
2.33 g/cns. The‘porous layer, as described above, is
formed on the P-type subatrate.

As shown in Fig. 2C, by providing another Si
subatrate 124 and after forming an oxidized layer 12§
on its surface, the Si substrate 124 having the
oxidized 1aggr 125 on its surface ia bonded to the
surface of the monoorystalline §i layer 122'on the
porous 3i substrate 123.

Then, the porous Si substr#te 123 ig all
etched to leave a monocrystalline silicon layer 122 as
thin film on the 5102 layer 125, therebv forming a
semiconductor substrate..

According to this process, the monocrystalline
8$i layer 122 equal in crystallinity to silicon wafer
is formed on the oxidized layer 125 which is an
insulating material to be flat and to be vet made
uniforaly into thin layer, over the whole wafcr region
with a large area.

The semicunductor substrate thus obtained can

——
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ba used suitably also with respect {0 preparation or

an insulation separated electronic device.

The above Embodiment 2 is an exanple of the
process of forming an N-type layer on a P-type
substrate before pore formation, and then making

selectivaely only the P-type substrate porous by

" anodization. Also in the present Embodiment, a

sericonductor aubstrate having a semiconductor
monooxrystalline layéwaith the same pexformances as
Embodiment 1 can be obtained.

Embodiment 3

As shown in Pig. 3A, first a'?~type Si
monocrystalline subatrafe ia prepared and all of it is
made porous. According to various growth methods,
epitaxial growth is effected on the substrate surface
made porous to form a thin film monocrystalline layer
12.

As shown in Fig. 3B, by preparing another Si
subatrate 13 and after forming an oxidized layer 14 on
its surface, the Si substrate having the oxidized
layer 14 on the surface ias honded to the surface of
the monoerystalline §i layer 12 on the porous si
substrate 11.

NexXt, as shown in Fig. 3B, an 513 P layer 15
is deposited to cover over the whole uf the bondead Two

silicon wafers as the anti—etcning_filn.
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Subsequently, as shown in Fig. 3C, the Si N, layer on
the surface of the porous silicon subsatrate is
removed. As another anti-etching film material,
Apiezon Wax may be also employed in place of $1,.N,
Then, the porous Si substrate 11 {s all etched and a
monocrystalline silicon layer 12 made into a thin film
remains on the 5102 layer 14 to form a semiconductor
substrate. -

Fig. 3C shows a semiconductor substrate
obtained in the present invention. More specifically,

by removing the Si_N, layer 16 as thc anti-etching

a¥g
£filrw in Fig. 3B, a monocrystalline Si layer 12 of
which crystallinity ia equal to that of bulk wafer is
farmed through the 6162 layer 14 which i1s an
insulating substance on the Si substrate 13, flat and
Yet uniformly into a thin layer. over the whole wafer
région with a large area. The semiconductor substrate
thus obtained can be used suitably also with respect
to preparation of a discrete insulatecd electronic
device. Also in the present Embodiment, a
semiconductor suh;trate having a semiconductor
nonocr&stalline layer with the same performances as
Embodiment 1 can be obtained.

Embodiment 4

Referring now to Figs. 4A to 4B, the

Embodiment 4 of the present invention is described
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below in det;il.

First, as shown in Fig. 44, a low impurity
concentration layer 112 is formed by epitaxial growth
according to various thin film growth methods.
Alternatively, protons may be ion-implanted into the
surface of the P- type Si1 monocrystalline substrate 111
to form an N-type ionocrystalline layer 112.

Next, as shown in Fig. 4B, the back surface of
the P-type monocrystalline substrate 111 is denatured
into a porous Si substrate 113 according to the
anodization method by use of an HF solution. The
porous Si layer 113 can be varied in 1ts'density to é
range of 1.1 to 0.6 g/em® by varying the HF solution
concentration to §0 to 20% as compared with the
density of the monocrystalline Si of 2.33 g/cna. The
porous layer 113, ag described above, is formed fron
the P-type substrate.

As shown in Fig. 4C, by preparing another Si
substrate 114 and after forming an oxidized layer 115
on its surface, the S$1 substrate 114 having the’
axidized layer 115 on the surface is bonded on the
surface of the monocrystalline Si layer 112 on the
porous 31 substrate 113.

Here, as shown in Pig. 4C, as the anti—etching
£ilm 116, an 51334 layer 116 is deposited to cover

over the whole of the bonded two silicon wafers as the
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anti-etching rilm. Subsequently, as shown in Fig. 4C,
the Si,N, layer on the surface of the porous silicun
substrate is removed. As another anti-etching film
116, a material excellent in etching fesistance auch
as Apiez;n Wax may be also erployed in place of 31sx4.
Then, the porous S1 substrate 113 is all etched to
form a semfconductor substrata by retaining a
ronocrystalline silicon layer 112 made into a thin
£ilm on the 5102 layer 115. Fig. 4D showse a substrate
having the semiconductor layer ohtained in the preaent
inveation. That is, by removing the S1,N, layer 116
as the anti-etching £ilm 116 shown in Pig. 4C, a
monoarystalline 61 layer 112 is formed on the 8102
layer.115 which 1s the insulating material, flat and
vet uniformly into a thin layaer, over the whole wafer
region with a large area.

The semiconductor thus obtained will not be
deleteriously affected by the etchant, and can be used
suitebly also with respect to preparation of a
discrete insulated electronic device.

Also, the scmiconductor substrate obtained in
the present Embodiﬁent has the sapge performances as
that obtained in Embodiment 1.

Embodiment &

As shown in Fig. SA, first, a P-type Si

monocrystalline substrate is prepared and all of it is

I ——
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made porous. A thin ziim monocryatalline layer 32 ie
formed by effecting epitaxial growth on the substrate
surface made porous accourding to various growth
methods.

Ag shown in Fig. 6B, by preparing anotﬁer si
substrate 33 and after forming an oxidized layer 34 on
1ts surface, the S§i substrate 33 having the oxidized

layer 34 on thc surface is bonded to the surface of

the oxidized layer 36 formed on the monocrystalline Si

layer 22 on the porous substrate 31. The bonding step
is practiced by closely contacting the cleaned
surfaces with each other, followed by heating in an
inert gas atmosphere or nitrogan atmospherxe. The
oxidized layer 34 is formed in order to reduce the
interface level of the non-porous monocrystalline
layer 32 whioh {e thec final active layer. As shown In
Fig. 6B, an Si N, layer 35 1s deposited as The anti-
etching film to he coated on the bonded two silicon
wafere as a whole. Subsequently, as shown in Fig. 3C,
the S1,M, layer 35 on the surface of the porous
ailicon substrate.31 is removed. As another anti-
ctching film material, Apiezon Wax, etc. may be also
employed in place of Si3N4. Then, all of the porous
S§i suhst:ate 31 is etched to have the monocrystaulline
silicon layér 32 made into a thin filzm remain on the

5102 layer, thereby forming =a seniconductor substrate.
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Fig. SC shows the substrate having the
semiconductor layer"obtained in the present invention.

More specifically, by removing the Si layef 35 as

3
the anti-etching film shown in Fig 6B, the
nonocrystalline Si layer 32 equal in crystallinity to
silicon wafer {s formed through the 5102 layers 34 and
36 on the Si substrate 33, flat and yet uniformly into
a thin layer, over the whole wafer region witb a large
area. The semiconductor substrate thus obtained can
be used suitably also with respect to preparation of a
discrete insulated electronic device. Also, the
senioonducto; substrate obtained in the present
Enbo&iment.has the sane performances as that obtained

in Embodiment 1.

Embodiment €

Referring now to Pigs. 6A to €D, the
Embodinent 6 of the present invention is described
below in detail.

Firsf, as shown in Fig. 6A, a low impurity
concentration layer 132 is forned.by epitaxial) growth
according to various thin film growth methods.
Alternatively, the surface of the P-type Si
monocrystalline substrate 131 is subjected to ion
implantation of protons to form an N-type
nonocrystalline'layer 132.

Next, as shown in Fig. 6B, the P-type Si
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monocrystalline substrate 131 is denatured from the
back surface to a porous Si substrate 133 by the
anodjzation method with an HF solution. The porous Si
layer 133 can be varied in 1ts demsity in the range of
1.1 to 0.6 glon3 by varying the HF solution
concentration to S50 to 20% as campared with the
donsity of the monocrystalline Si of 2.33 g/cna- The
porous layer, as described above, is forped from the P~
type substrate.

As shown in Fig. 6C, by preparing another Si
substrate 13¢ and after fcrn1n§ an axidized layer 135
on its surface, the 81 aubstraté 134 having the
oxidized layer 135 is bonded onto the surface of the
oxidized layer 137 formed on the monocrystallline Si
layer 132 on the porous S$i substrate 133.

Subsequently, as the anti-etching filﬁ 138, an
Slsﬂ4 layer 136 i3 deposited tou be coated on the
bonded two silicon wafers as a whole. Then, as shown
in Pig. 6D, the 513N‘ layer 136 on the surface of the
porous gilicon substrale 133 1s removed. Thea the
porods 81 substraté 131 is all chemically etched to
have a monnecrystalline silicon layer made into a thin
fila remain on the 5102 lavers 135 and 137, thereby

forming a semiconductor substrate.

The semioonducter aubstratg thus obtained is

excellont in adhesion between the respective layers,
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and can be alao used suitabie aleo with reapect to
preparation of an isoclation separaled electronic
device. Also, the semiconductor substrate obtained in
the present Embodiment has the same performances as
that obtained in Baﬁodinent 1.

Embodiment 7

Ae shown in FPig. 74, first, a P-type §1
monoorystalline substrate 1s prepared and all of it is
made porous. According to various growth methods,
epitaxial growth is effected on the substrate surface
nade porous to form a thin film monocrystalline layer
42. As shown in Pig. 78, by preparing another Si
substrate 42 and efter forming an oxidized layer 44 on
its surface, the Si substrate 43 having the above
oxidized ]a?er 44 on the su::ace Is bonded onte the
surface of the axidized layer 45 formed on the
monocryatalline Si layer 42 on the porous $Si substrate
41. This bonding step is practiced by closely

contacting cleaned surfaces with each cther, followed

'by heating in an inert gas atmosphere or nitrogen

atmosphere. The exidized layer 44 1s formed in order
to reduce the interface level of the monocrystalline
laver 42 which is the acfive layer aa the final
aemiconductor. As shown iIn Fig. 7C, the porous Si
substrate 41 is all etched to haye the monourystalline

silicon laver made into a thin film on the 5102 layars
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44 and 45. thereby forming a semiconductor substrate.
Fig. 7C showse the ascmiconductor substrale obtained in
the present invention.

A monocrystalline S$i layer 42 equal in
crystallinity to silicon wafer is formed through the
Sio2 layers 44 and 45 on the Si substrate 43, flat and
yet uniformly into a thin layer, over the whole wafer
region with a large area. The semiconductor substrate
thus obtained can be alsoc used #uitably alsc as seen
from the standpoint of prep@ration of an isclation
eeparaéed electron device. Alsc, the semiconductor
substrate obtained in the present embodiment has the

same performances as that obtained in gmbodiment 1.

Babodiment a

Referring now to Piga. 8A to 8D, the
Embodiment 8 of the present invention {s described
below in detail.

Pirst, as ehown in Fig. 8A, a low impurity
concentration layer 142 is formed by epita.xi_al growth
according to various thin £ilm growth methods.
Alternativoiy. the surface uf the P—~type Si

monocryatalline sybstrate 141 1s subjected to ion

: implantétlon of protons to form an N-type

monocrystalline layer 142.

Next, as shown in Fig. 8B, the P-type Si

monocrystalline substrate 141 s denatured from the

—_—
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back surface to » porous Si substratc 143 by the
anodization method with an HF solution. The porous Si
layer 143 can be varied in its density in the range of
1.1 to 0.6 g/cm3 by varying the HP solution
concentration to $0 to 20% as compared with the

density of the monocrystalline Si of 2.33 g/cn3. The

“"porous layer. as described above, is formed on the P-

type substrate 141.

A8 shown in Pig. 8C, by preparing another Si
aubatrate 144 and after f§rning an oxidized layer 145
on its surface, the Si substrate 144 having the
oxidized layer 145 {s bondaed onto the surface of the
oxidized ldyer 146 formed on the monocrystalline Si
layer 142 on the porous Si substrate 143.

Then the porous Si substrate is all chemically
etched to have a monocrystalline silicon layer made
inta a thin rilm remain on the Si0, layers 145 and
146, thereby forming a semiconductour substirate.

Fig. 8D shows the semicanductor subatrate
obtained in the prewment invanfion. A monocrystalline
S{ layer 14§ equal in'crystallinity to silicon wafer
is formed through the 5102 layers 145 and 146 on the
S1 substrate 144, flat and yet uniformly into a thin
layer, over the whole wafer region with a large arca.

The semiconductor substrate thus obtained can

be alsc used suitably also with respect to preparation
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of an isolation separated electronic device. Also,

the somicondustor ocubstrate obtained in the preseut

" BEmbodiment has the same performances as that obtained

in Embodiment 1.

Embodiment 9

As shown in Fig. 9A, first, a P-type Si
nonocrystalline substrate is prepared, and all of it
ie made porous. According tu various growth methods,
epitaxial growth is effected on the surface of the
substrate §1 made porous to form a thin film
monocrystalline layer Si;

As shown in Pig. 9B, a light-t;-anenissive
aubstrate §3 represcnted by glass ia prepared and the
light;frananiéaive substrate 53 is bonded onto the
surface of the monocrystalline Si{ layer 52 on the
poroug Si substrate 51.

Here, as shown in Fig. 9B, as the anti-etching
film 54, an 513N4 layer $4 is deposited to be coasted
on the bonded two substrates as a whole.

Subsequently, as shown in Fig. 9C, the 313 4 layer 54
on the surface o! the porons'silicon substrate is
removed. Then, the porous.SI substrate 51 ig all
etched away to have a monocrystalline silicon layer 52
made into a thin filwm remain on the light~tranamissive
subsetrate 53, theceby forming a sericonducor

substrate. Fig. 9C shows the semiconductor substrate
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obta1ned in the present inventien.

The semiconductor substrate thus obtalned can
be alsc used suitable also as seen from the standpoint
of preparation of an electronia device iaolatgon
separated with a light—-transmissive insulating
material. Also, the semiconductor obtained in the:
present Embodiment hae the same perfornances as that
obtained in Babodiment 1.

Embodiment 10

Referring now to Figs. 10A to 10D, the
Embodiment 10 of the present invention is described
below in detail.

Fi;st. as shown in Fig. 10A, a low impurity
concentration layer 152 is formed by epitaxial growth
according to various thin f£ilm growth methods.
Alternatively, the surface of the P-type Si
monocrystalline substrate 151 is subjected to ion
implantation of protons to form an N-type
monoorystalline layer 152.

Next, as shown in Fig; 10B, the P-type Si
nonourystaliina substrate 151 is denatured from the
back surface to a porous Si substrate 153 by the
anédizaxion method with an HP solution. The porous Si
layer 183 can be varied in its density in the range of
1.1 to 0.6 g/cm3 by varying the HF solution

councentration to 50 to 20% as compared with the
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1 density of the monocrystalline S1 or ¢.33 g/cm}. The
.porous layer 133, as descriﬁed above, is formed on the
P~-type aubstrate 181. |
As shown in Eig. 10C, arfter preparing a light-
s transmisalve substrate 154, onto the surface of the
moniocrystalline Si layer 152 on the purous Si
aubatrate 183 i{s bonded the light-transmissive
substrate 154. Then, as shown in Fig. 10C, as an anti-
etching £film 155, an 5131‘(4 layer, etc. is deposited to
10 be coated on the bunded two substrates as a whole.
Subsequantly, as shown in Pig. 10D, the SisN4 layer
155 on the surface of the porous silicon substrate 153
is removed. Then, the porous Si substrate 153 is all
etched away to have th; mcnocrystalline silicon layer
15 152 nade into a thin film rermain on the light-
transmissive substrate 154, thereby forming a
semiconductor substrate.
Fig. 10D shows the semiconductor substrate
obtained in the present invention. It is the
20 monocrystalline Si layer 152 equal in crystallimity to
silicon wafer formed on the light-transmissive
substrate 154, flat and yet uniformly 1into a thin
layer, over the whole wafer region with a large area.
The semiconductor substrate thus cbtained can
25 be alsc used suitably also with respect to preparation

of an isolation scparated electronic device witli a
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1 | light—transnissive insulating material. Alaoc. the
seniconductor substrate obtained in the present
Embodiment has the same performances as that obtained
in Babodiment 1.

5 Embodiment 11

As shown in FXig. 11A, rirst, a P-type Si
monocrystalline substraté'is prepared, and all of it
is made porous. Aocording to various growth methods,
epitaxial growth is effected on the surface of the

10 substrate 61 made porous to form a thin film
monocrystalline layer. 62.

As shown in Fig. 11R, a light-transmissive
substrate 63 represented EY glass is prepared and the
light-trangmieaive substrate 63 1a bonded to the

15 surface of the monocrystalline Si layer 62 on the
porous S$i substrate 61.

Then, the porous Si aubatrate 61 is all etched
to have the monocrystalline silicon layer 62 made into
a thin film remain on the lighx-transmiésive substrate

20 63, thereby forming a semiconductor substrate.

Fig. 11C shaws the samiconductor substrate
obtained in the present invention. It is the
monocrystalline $1 layer 62 equal in crystallinity to
silicon wafer formed on the light-transmiasive

25 substrate €3, flat and yet uniformly into a thin.

layer., over thé whole wafer region with a larde area.
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1 The semiconductor thus obtained can be also suitably
used also with respect to preparation of an electronic
devica igolation separatcd.with a light—transmissive
insulating materlial.

3 Embodiment 12

Referring now to Piga..lza to 12D, Lhe
Embodiment 12 6f the present invention is described
below in detafl.

Pirst, as shown in Fig. iZA, & low impurity

10 concentration layer 162 is formed by epitaxial growth
according to various thin film growth methodsx.
Alternatively, the surfzce of the P-type Si
nbnocrystilline substrate 161 is'subjeotcd to ion
implantation of protons to form an N-type

is monocrystalline layer 162.

Next. as shown in Pig. 12B, the P-type S1
monocrystalline substrate 1631 is depnatured from the
back surface to a porous S{ substrate 163 by the
anodization method with an HF solution. The porous Si

20 layer 163 oan be varied in iTs density in the range of
1.1 to o.e'g/cn3 by varying the HF solution
concentration to 50 to 20% as compared with the
density of the monocrystalline Si of 2.33 g/ons. The
porous layer 163, as described above, is formed on the

25 P-type substrate 163.

A3 shown in Fig. 12C, after preparing a light-—

/
as Been Replaced

T



- A7 -

TertA
*
Ty

1 transmissive substrate 164, onto the surface of the
monocrystalline S{ layer 162 on the porous 3i
substrate 163 is bunded the light-transmissive
substrate 164. As shown in Fig. 12C, the porous Si -

5 substrate isa ie all ctched eway to have the
monocrystalline silicon layer 162 made into & thin
£1im remain on the light—transmissive subatrate 164,
thereby forming a acmiconductor substrate.

Fig. 12D shows the semiconductor substrate

10 obtained in the present invention. It is the
monoorystalline Si layer 162 equal in crystallinity to
silicon wafer formed on the light-tranemissive
gsubstrate 164, flat and yet uniformly ihto a thin
layer, over the whole wafer region with a large area.

15 The semiconductor substrate thus obtained can
be alsoc used suitably also witlh respect to preparation
of an isclation separated electrénic device with a
light-transmnissive insulating material. Alsc, the
semiconductor substrate oﬁtained in the present

20 Embodiment has the same performances as that obtained
in Embodiment 1.

Rmbodiment 13

This Embodiment is described by retgrring To
Figs. 13A to 13F. Ao shown in Fig. 134, first a -
25 porous region 1301 is rformed on a part of an Si

monocrystalline substrate 1300. Subsequently, a thin
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1 £ilm Si monocrystalline layer 1302 Is formed according
to various crystal growth methods an fhe porous region
1301 (Fig. 13B). On the thin film Si monocryatallinpe
layer 1302 is formed an o;idized film 1303 (Fig. 13C).

S _ The oxlidized f£ilm 1305 formed on the surface
of another S{ substrate 1364 is bonded to the above
oxidized £41m 1303 (Pig. 13D).

Subsequently. the Si monocrystalline auybstrate
1300 remaining without being made porous is removed by

10 mechanical polishing or etching to have the porouse
region 1301 expased (Fig. 13R).

The porous regioa 1301 is etched away to form
a semiconductor subétrate having a thin £ilm 63
monocrystalline layer on an insulating material (Fig.

15 13F).

When such.step is enp;oyed, the time required
for making the substrate poroué can be shortened and
also the time for etching away the porous Si substrate
can be shortened, whereby substrate formation can be

20 effected highly efficiently. |

It is also possible to bond the thin filam Si
manocrystalline layer 1302 directly Lo the oxidized
film 1305 without formiung the oxidized film 1303 shown
in Pig. 13, and 1t is also possible to bond an

28 insulating substrate such as glass, etc. in plaee of

the oxidized filu 1305 torned an the Si substrate
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Also, the reapective Steps in the Bmbodiments
1 to 12 can be also iacorporated in the present

Ermbodiment.
The semiconductor substrate thus obtained has
the same excellent performances as those of Lhe

seniconductor aubétrate obtained in Exbodiments 1 to

12.
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Example 1

A P-type (100) monécryatalline Si substrate
(S1i wafer) having a diameter of 3 inches and a
Thickness of 200 microns wWas anodized in a S0% HF
solution. The current density at this tize was 100
aA/cmz. The porous structure formation rate at this
tine was 8.4 pn/nin. and the P-type {100) Si substrate

having a thickness of 200 niorons as a whole wasa mada

_porous in 24 minutes.

On the P-type {100) porous S{ substrate 21 was
grown an Si ehitaxial layer to a thickness of 0.8
nicrons by the MBR (Molecular Beanm Rpitaxy) method.
The deposittion conditions are as follows:

Tenperature: 700 °c,

Pressure: 1 x 10.'9 Torr

Qrowth rate: 0.1 nm/seo.

Next, on the surface of the epitaxial layer 21
was_suporpooed another Si subqg;ato 23 with an
oxidized layer of 5000 angstroms formed on the
surrace, and b& heating in a nitrogen atmosphere at
800 °c for ‘0.5 hour, the two Si subatrates were bonded
firmly together. Then, the pPorous Si substrate 21 was
chemically etched away by use of hydrofluoric acid-
nitrie acid-acetic acid.solution (1:3:8).

As described abave, chemical etching rate of

ordinary Si monocrysial relative to hydrofluuric acid-~
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1 nitric acid-acetic acid solutlion is about a little
lower. than 1 micron per minute (hydrofluouric écid—
nitric acid-acetic acid solution, 1:3:8), but the
chemical etching rute of a porous layer is acceclerated

5 by about 100-fold ther2of. That is, the S1 substrate
21 madé porous having a thickness ot 200 microns was
removed in 2 minutes. |

Thus, a nonOCryataliine 8i layer %2 having a

thickness of 0.5 um could be formed on the Si0, layer

2
10 24.

Also the thickness of tiie monocrystalline Si
layer obtained was examined by use of Scanning |
Ellipaometér. Specitically, the whole surface of the
3 inches wafer was scanned for the measurement. As

i5 the result, within ﬁhe plane of the'3 inches wafer,
the difference bétween the maximum value and the
mnininum value of the thickness Of the monocrystalline
Si layer was found to dbe suppressed 6% or less
relative to the maximum value of the thickness. As

20 the result of plan view obser?&tion of the

| monocryet#lline Si layer by transmission electron
microscopy, the dislocation defect density was found

t0 be suppressed i x 103/cm'2

or less, whereby it could
be confirmed that no new crystal defect had been
25 introduced 1n tha monoorystalline §1 layer formation

atep ta wmaintain good crystallinity. When the life
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1 time of minority cafriers was measured for'the
monocrystalline Si layer by uese of thc MOS C-t method,
a high value of 2.0 x 10—3 se¢. was exhibited.
Exauple 2

5 A P-type (100) monocrystallinc Si substrate
having a diameter of 4 inclies and a thickness or 500

wicrons was anodized in a S0¥ HF solution. The

2

current density at thies time was 100 mA/cm”. The

porous structure formation rate at this time was 8.4

10 pm/min. and the P-type (100) Si substrate having a
thickness of 500 miocrons as a whole was made porous in
60 minutes.
- Ve
///
Ve
15 e
v
Ve
/'/
///’
v
///’
20 yd
Ve
Vd
Ve
v
Ve
/ .
Ve
///’
v
o
o
. "/'
25 e p— -

-_
This Sheet Has Been R

WA



aat
/

TeYEYY
Al
v
A1
L ]

1 On the P-type (100) porous Si substrate 21 was
grown at low temperature an Si epltaxial layer 22 to a
thickness of 0.5 microns by the plasma CVD method.

The deposition conditions are as follows:

5 Gas: SiH4

Radic frequency power: 100 ¥
Temperatura: 8900 °C
Pregssure: 1 x 10—2 Torr
8rowth rate: 2.5 nm/sec.

10 Next, on the osurface of the epitaxial layer 22
was superposcd another S1 substrate 23 with an
_oxidizedqlayer 2¢ of 5000 angstroms formed on the
surface, and by heating in a nitrogen atmosphere at
700 °C for 0.5 hour, the twn Si substrates were bonded_

15 | _
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firmly togethér. Then, the porous Si substratc 21 was
chemioally ctched away by use of hydrofluoric acid-
nitric acid—-acetic aciad sojution (1:3:8).

As described above, chealocal ctching rate of
ordinary Si monocrystal relative Lu hydrofluoric acid-
nitric acid-acetic acid solution is about a little
lower than 1 micren per minute (hydrofluoric acid-
nitric acid-acetic acld sclution, 1:3:8), dbut the

chemjcal etching rate of a porous layer is accelerated

" by about 100-fold thereocf. That is, the Si substrate

21 made porous having a thickness 0f 500 miarons wus
removed in 5 minutes.
Thus, a monocrystalline Si layer having a

thickness of 0.5 um could be formed on the Si0, layer

2
24,

Also the thickness of the monocrystalline Si
layer obtained was examined by use of Scanning
Ellipsometer. Specifically, the whole surface of the
¢ inches wafer was scanned for the measurement. As
the result, within the plane of the 4 inches wafer,
the difference between the maximum value and the
minimum value of the thickness of the roncerystalline
51 layer was found to be suppressed 7% or less
rfelative to the maximun value of the thickness. As

the result of plan view cbservation of the

monocrystalline Si layer by transmission electron

-_—
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1 microscopy. thc dislocation defect deusity was found
to he suppressed 1 X 103/cn2 or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monacrystalline S1i laver formaticn

5 . step tov maintain @ood crystallinity. ®hen the life
time ot minorify carriers was measured for the
monocrystalline Si layer by use of the MOS C-T method,
a high value of 2.0 x 10” > sec. was exhibited.

Example 3

10 A P-type (100) monocrystalline Si substrate
(31 warlfer) having a diameter of 3 inches and a
Thickness of 200 miorons w#s anodized in a 50% HF
solutiont The current density at this time was 100
hA/cmz. The porous.structuro formation rate at this

15 time was 8.4 pm/min. and the P-lype (100) $1 aubstrate

~having a thickness of 200 microns as a whole was nade
porous in 24 minutes. On the P-type (100} porous Si

subatrate 21 was grown an 31 epitaxial layer 22 tc a

thickness of 0.5 microns by the biaa-sputtering

20 method. The deposition conditions are as £9llows:

RF frequency: 100 MHz

Radio frequency power: 600 W
Tenperature: 300 °c

Ar gas pressure: 8 x 10 > Torr

25 Growth time: 60 minutes

Target direct ourrent bias: - 200V

This Sheet Has Been Rep

[T




Pt

10

15

20

25

A
tamea

.

T
*
7
'

Substrate direot currant bias: ¢ S V.

Next, on the surface of the epitaxial layer 22
was superposed another Si substrate 23 with an
ozidized.layer 24 of 5000 angstroms formed on the
surface, and by heating in a nitrogeﬁ atmosphere at
soo %c for v.s hour, the two Sj substrates were bonded
firmnly together. Then, the porous 3i substrule 21 was
chemically etched away by use of hydrofluoric acid-
nitric acid-acetic acid solution (1:3:8).'

As deeoribed above, chemical etching rate of
ordinary 31 monocrystal to hydrofluoric acid-nit:ic
acid-acetic acid solution is about a little lower than
1’n1cron-§e§ minute (hydrofluoric acid-nitric acid~
acetic acid solution,; 1:3:8), the chemical etching
rate of a porous layer is accelerated by-ébout 100-
fold thereof. That is, the Si substrate 21 made
porous having a thickness of 200 microns was removed
in 2 minutes.

Thus, a monocrystalline Si layer having a
thicknosg of 0.5 um cguld be formad on the s:oz_layer
4.

Example 4

A P~type (160) monocrystalline Si substrate
having a diameter of 3 inches and a thicknesa of 200
microns was apodized in a 50X HF solution. The

current density at this time wae 100 nA/cnz. The
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porous structure formalioun rate at this time was 8.4
um/min. and ‘the P-type (100) Si substrate having a
thickness of 200 miorons as a whole was made porous in
24 minutes.

On the P-type (100) porous Si substrate 21 was
grown an Si epitaxial layer 22 to a thickness of 0.5
microns by the.liquid phase growth method. The growth
conditions are as follows:

Solvent: Sn

Growth temperature: 900 °c

Grouth =tmosphere:-32

Growth time: 10 minutes.

Next, on.tne surtace of the epitaxial layer 22
was suparposed another Si substrate 23 with an
oxidized layer 24 of 5000 ungstroms rormed on the
.surtace, and by heating in a nitrogen atmeephere at
800 °c for 0.5 hour, the tﬁo Si substrates were bonded
firmly together. Then, the porous Si aubstrate 21 was
chemically étched away by use of hydrofluoric acid-
nitric acid-acetic aoid solution (1:3:8). AS The
result, the Si substrate 21 made porous having s
thickness of 200 microns was removed in 2 minutes.

Thus, a monocrystalline Si layer zZ having a

thicknesa of 0.5 un could be formed on the s:lo2 layer
24. |

Example 5§

\
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A P-type (100) monbcrystalline S1 substrate
having a diameter of 3 inches and a thickness of 200
microns was anodized in a $50% Hf solution. The
current density at this time was 100 mA/cm?. The
porous structure formation rate at this time was 8.4
um/min. and the P—fype (100) Si substrate having a

thickness of 200 microns as a whole was made porous in

24 minutes. On the P-type (100) porous Si substrate

21 was grown an Si epitaxial layer 21 to a thickness
of 0.5 microns by the low pressure CVD method. The
deposition.conditions are as follows: |

Source gas: 51H4
Carrier gas: H,

Temperature: 850 °c

Pressure: 1 x 10 2 Torr

Growth rate: 3.3 am/sec.

Next, on the surface of:the epitaxial layer 22
was superposed another Si substrate Qith an oxidized
layér 24 of 5000 angstroms formed on the surface, and
by heating in a nitrogen atmosphere at 800 °C for 0.5
hour, the two Si{i substrates were bonded firnly
together. Then, the porous Si substr#te 21 vas
chemically etched away by usé of hydroflucoric acid-
nitric acid-acetic acid solution (1:3:8). As the

result, the Si substfate 21 made parous having a

thickness of 200 microns was removed in 2 minutes.
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Thus, & monocrystalline S$i layer having a
thickness of 0.5 pm could be formed on the 5102 layer
24. When su{zcl2 was eaployed as the source gas,
although it was necessary to elevatce the growth
temperture by some ten degrees, the accelerted etéhing
characteristics inherent in the porous aubsatrate were
maintained.

Exaaple &

un a P-type (100) Si substrate 121 having a
df{ameter of 3 inches and a thickness of 200 microns
was grown un S5i epitaxial layer 122 with a thicknessa
of 1 micron by the CVD method. The deposition
conditioné.arc ao follows:

Reactive gas flow rate: SiH Clz 1000 SCCM

2
H : 230 1/min.

2

Temperature: 1080 °C

Pressure: 80 Torr

Time: 2 min,

The substrate 121 was anodized in a 0% HF
solution. The current density at this time was 100
nAIenz. fha porous structure formation rate at this
time waa 8.4 pm/min. and_the P-type (100) Si substrate
121 having a thickness of 200 microns as a whole was
made porous in 14 minutes. In this anodizalion, only
the P-type (100) Si substrate 121 was made porous, and

there was no change in the Si epitaxial layer 122,
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Next, on the surface of the epitakial layer 122 was
superposed ancother Si_substrate 12¢ with an oxidized
layer 125 of 5000 angstroms formed on the surface, and
by heating in a nitrogen atmosphere at 800 °¢c for 0.5
hour, the two Si substrates were bonded firaly
together. Then, the porous Si substrate 123 was

chenically etched away by use of hydrofluoric acid-—

'nitric acid-acetic acid solution (1:3:8). As the

result, the Si substrate 123 made porous having a
thickness of 200 aicrons was removed in 2 niﬁutes.‘
Also the thickness of the nonogrystalline si
layer obtained was examined by use of Scanning
Ellipsometer. As the result, within the plane of the
3 inches wafer, the difference between the maximum
value and the minimum value of the thickness of the
monocrystalline Si layer was found to be suppressed 5%
or less relative to the maximum value of the
thickness. s the result of plan view cbservation of
the monocrystalline Si layer by a tranaaission
electron aicroscopy, the dislocation defect densitf

2 or less,

was found to be éuppreséed 1 x 103/cn
whereby it could be confirmed that'ﬁo new crystal

defect had been introduced in the monocrystalline Si
layer formation step to maintain good crystallinity.

When the life time of ainority carriers was measured

for the monocrystalline Si la?er by use of the
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microwave rerlection method, a high value of 2.0 x 10~
sec. was exhibited. |
Example 7

Oon a P~type {100) Si substrate having a
diameter of 3 inches and a thickness of 200 microas
was grown an Si epitexial layer 122 té.a'thickness of
0.5 micron by the CVD method. The deposition
éonditions are as follows:

Reactive gas flow rate: SiH2612 10046 SCCM

!{2 230 1/min.

Temperature: 1080 °C

Pressure: 80 Torr

Time: 1 min.

The substrate was anodized in a 50% HF
solution. The current density at this time was 100
nA/cnz. The porous structure formaticn rate at this
time was 8.4 un/min. and the P-type (100) Si substrate
121 having a thickness of 200 microns as a whole was
nade porous in 24 minutea. In this anodization, only
the P-type (100) Si substrate was made porous, and
there was no change in the Si epitaxial layer 122.

Next, on the surtace of the epitaxial layer
122 was superpased another Si subatrate 124 with an
axidized layer 125 of 5000 angstroms formed on the
surzace, and by heating in a nitrogen atmoaphere at

800 ¢ for 0.5 hour, the two Si substrates were bonded
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firmly together. Then, the porous Si substrate 123
was chemically etched away by use of hydrofluoric acid-
nitric acid-acetic acid solution (1:3:8). &As the
result, the Si substrate 123 made porous having a
thickness of 200 microns was removed in 2 minutes.

As the result of cross-sectional observation
by transmission electron microscopy., it could be
confirmed that no new crystal defect had been
introduced in the Si layer 122 to maintain good
crystgllinity.
Example 8 °

On a surface of a P-typg (100} Si substrate.
121 having a diameter of 3 inches and a thickness of
200 n;crons was formed.an R-type Si layer 122 to a
thickness of 1 micron by ion implantation of protons
into the surface. The amount bf H' implanted was

15

found to be 5 x 10 (ions/cnz). The substrate 121

was anodized in a'sox HF soiution. The current
density at this time was 100 nA/cnz. The porous
structure formation rate at this time was 8.4 um/min.
and the P-type (100) Si substrate 121 having a

thickness of 200 microns as a whole was made porous in

24 ninutes. As described above, in this anodization,

_only the P-type (100) Si substrate 121 was made

porous, and there was no change in the N-type Si layer

122. Next, on the surface of the N—type Si layer 122
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wae euperposcd another Si aubstrate 124 with an
oxidized layer 125 of 5000 angstroms formed on the

surface, and by heating in a nitrogen atmosphere at

- 800 Cc for 0.5 hour, the two Si substirates were bonded

firmly together. Then, the porous Si substrate 123
was chemically etched away by use of hydrofluoric acid-
nitrio acid-acetic acid solution (1:3:8). As the
result, the Si substrate 123 made porous having a
thickness of 200 microns was removed in 2 minutes.

As the result of cross—sectional observation
by transmission electron microscopy, it could be
contirneg that no new crystal defect had been
1ntroduced in the 3; layer 122 to maintain good
cr?stallinity.

Example 9

A P-type (100) monocrystalline Si subatrate
having a diameter of 3 inches and a thickness of 200
microng was anodized in a 50% HF aclution. The
current density at this time was 100 nA/cnz. The
porous structure formation rate at this tine was 8.4
#o/min. and the P-type (100) Si substrate having a
thickness of 200 microns as a whole-ués nade porous in
24 mninutes.

On the P-type {100) porous Si substrate 11 was
grown an 8§ epitaxial layer 12 tp a thickness of 0.5

microns by the MBR (Holecular Bear Epitaxy} method.
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The deposition conditions are as follows:

Temperature: 700 %

Pressure: 1 x 107> Torr

Growth rate: 0.1 nm/sec.

Next, on the surface of the epltaxial layer 12
was superposed another Si substrate 13 with an
oxidized layer 14 of 5000 angstroms formed on the
surface, and by heating in a nitrogen atmosphere at
800 °C for 0.5 hour, the two Si substrates were bonded
Subsequently 513N4 was coated on the
bonded substrate by the low pressure CVD method to a

firnly togethar.
thicknesi of 0.1 pn. Thereafter, only the silicon
nitride film on the porous substrate was removed by
reactive ion etching. Then. the porous S{ substrate
11 was chenically etched away by use of.hydrofluoric
acid-nitric acid-acetic acid solution {(1:3:8). As the
result, the Si substrate 11 made porous having a
thickness of 200 microns wae removed in 2 minutes.
After removal of the 31334 layer 15, a substrate
having a'nonocr?atalline Si layer having a thickneas
of 0.5 pm on the sxoz layer 14 could be formed.

As the result of cross—-sectional observation
by transmission electron microscopy, it could be
confirmed that no new orystal defect had been
introduced in the 81 layer to maintain good

crystallinity.
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Exanple 10

A P-lype (100) monocrystalline S1 substrate

having a diameter of 3 inchea and a thickness of 200

microne was anodized in a 50% HF soclution. The
2
current density at this time was 100 mA/ca . The

porous structure formatjon rate at this time was 8.4

pm/min. and the P-typo (100) Si substrate having a

thickness of 200 microns as & whole was made porous in
24 minutes.

On the I’ type (100) porous Si substrate 1l was
grown an Si epitaxial layer 12 to a thickness of 0.5
microna by the plasma CVD method. The deposition
conditions are as follows:

Gas: SIH‘

Radjio fregquency power: 100 W

Temperature: 800 °C

Pressure: 1 x 102 Torr

Growth rate: 2.5 am/sec.

Next, on the surface of the epitaxial.layer 12
was supé:posed another Si substrate with an oxidized
lafer 14 of 5000 angstroms formed on the surrace, and.
by heating in a nitfogan atmosphere at 800 °c for 0.8
hour, the two Si aubstrates were boanded firmly |
together. Subsequently, 51354 was coated on the
bonded substrate by The low pressure CVD method to a

thickness of 0.1 um. Thereafter, only the silicon
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nitride filn.on thc porous substrate 11 was removed by
reactive ifon etching. Then, the porous Si substrate
11 was chemically etched away by use of hydrofluoric
acid-nitric acid acetic acid solution (1:3:8). As the
result, the Si substrate 11 made porous having a
thickness of 200 microns was removed in 2 minutes.
After removal of the ei 4 layer 15, a subsirale
having a monocrystalline $i layer 12 having a
thickness of 0.8 um on the 5102 layer could be forumed.
Alaso the thickness of the monocrystalline Si
layer obtained was examined b§ use of Scanning
Ellipaometer. As fhc result; within the plane of the
3 inches wafer, the difference between the maximum
value and the mininum value of the thickness of the
monocrystalline Si layer was found to be suppressed §%
or less relatjve to the maximum value of the
thickness. As the result of observation by defect
delineation etching by use of Sirtle etching, the
dislocation defect density was found to be suppressed
1x 103-lt_:n2 or iess, whereby it could be canfirmed
that no new orystal defect liad been introduced in the
monocrystalline S1 layer formation step to maintain
gooa crystallinity. When the life time of ainority
carriers was moasured for Lhe monocrystalline Si layer

by.uae of the MOS C-~t method, a high value of 2.0 x 10°3

sSec. was exhibited.
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Example 11
A P-type (100) monocrystalline Si subatrate

having e diameter of 3 inches and a thickness of 200
microns was anodized in a 50% HPF solution. The
current denéity at this time was 100 nA/cnz. The
poroua structure formation rate at this time waw 8.4
um/min. and the P-type (100) Si substrate having a
thickness of 200 microns as a whole was made porous in
24 ainutas; Or the P~type (100) porous Si substrate
11 was grown an Si epitaxial layer 12 to a thickness
of 0.6 miorons by the bias sputtering method. The
deposition conditions are as follows:

RF frequenoy: 100 MHz

Radio frequency power: 600 W

Temperature: 300 °C

Ar gas prcssure: 8 x 10‘3 Torr

Growth time: 60 min.

Target direct current bias: =200 v

Subgtrate direct current bias: + § V

Next, on the surface of the epitaxfal layer 12
was auperéosed another Si{i substrate with an oxidized
layer 14 of 5000 angstroms rornad-on t+he eurfece, and
by heating in a nitrogen atmosphere at 800 °c tor 0.5
hour, the two Si subetrates were bonded firmly
together. Subsequently, Siaﬁ‘ wasgs coated on.the

bondsd substrate by the low pressure CVD néthod ta a
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thickness of 0.1 um. Thereafter, only the sillicon
nitride film on the porous substrate was removed by
reactive ion etching. Then, the porous Si substrate
11 was chemically etched away by use of hydrofluoric
acid-nitric acid-acetic acid solution (1:3:8).. As the
result, the Si substrate 11 made porous having a
thigkness of 200 microns was removed in 2 minutes.
After removal of the Si H4 layer 15, a substrate
having a monccrystalline Si layer 12 having a

thickness of 0.5 nn on the Si0, layer 14 could be

2
formed.

Alsc, the gsame effect was obtained when
Aplezon ;ax was coated in place of the Sian4 layer,
and only the 6i substrate made porous could be
sompletely removed.
Exanple 12

A P-type (100) monocrystalline i substrate
having a diameter of 3 inchee and a thickness of 200
microns was anodized in a 50% HF solution. The
currant donsity at.thla tine was ioo -A/cnz. The
paorous stfucture formation rate at this time was 8.4
un/min. and the P-type (10¢) $1 substrate having a
thickness of 200 microns as a whale was made porous in
24 ninutes. On the P-type (100) porous Si substrate
11 was grown an §i epitaxial layer 12 to a thickness

of 0.5 microns by the liquid phase growth method. The
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growth conditions are as follows:

Solvent: Sn

Growth temperature: 900 °C

Growth atmosphere: H2

Growth time: 10 mir.

Next, on the.surrace of the epitaxial layer 12
was superposed another Si subatfate 13 with an
oxidized layer 14 of 5000 angstroms formed on the
surface, and by heating in a nitrogen ataosphere at
800 % for 0.5 hour, the two Si substrates were bonded
firmly together. Subsequently, 513N‘ was coated on
the bonded substrate by the low pressure CVD method to
a thickne;a of 0.1 um. Thereafter, only the ailicon
nitrida film on the porous subatrate was removed by
reactive jon etching. Then, the porous Si substrate
11 was chemically etched away by use of hydrofluoric
acid-nitric acid~acetic acid solution (1:3:8). As the
result, the Si substrate 11 made porous having a
thickneas of 200 microns was removed in 2 minutes.
After renoval of the S$1,N, layer 1S, a wubstrate
having a monocrystalline si layer 12 having a
thickneas of 0.5 um og The 5102 layer 14 could be
formed.

Also, the same effect was obtained when
Ap;ezonuwax w#s coated In place of the 81334 layer,

and only the Si substrate made porous could be
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completely removed.
Exanple 13

A P-type (100) monocryatalline Si substrate
having a diameter of 3 inches and a thickness of 200
microne was anodized in a 50% HF solution. The
currentl density at this time was ‘100 nA/czz. The
porous satructure formation rate at this time was 8.4
um/ain. and the P-type (100) Si substrate having a
thickness of 200 microna as a whole waa made porous in
2¢ minutes. On the P-type (100) porous Si substrate
11 was grénn an 54 epitaxial layer 12 to a thickness
of 0.5 ricrons by the low pressure CVD method. rhé
deposition ccnditiona.are as fellows:

Source gas: Siﬂ‘

Carrier gas: Rz

Tamperature: 830 °c

Pressure: 1 x 10 2 Torr

Growth rafo: 3.3 nm/vecc.

Next, on the surface of the epitaxial layer 12
was superposed another Si substrate 13 with an
oxidized layer 14 of §000 angatroms formed on tﬁe
surface, and by heating in a nitrogen atmosphere at
800 °C for 0.5 hour, the two Si aubstrates were bonded
firmly together. Subsequently, 5133‘ was coated on
the bonded aubstrate by the low pressure CVD nethéd to

a thickness Oof 0.1 pm. Thereafter, only the silicon
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nitride film 15 on the porous substrate 11 was removed
by reactrive ion etohing. Then, the porous Si
substrate 11 was chemically etched away by uee.of
hydrofluoric acid-nitric acid-acetic acid sclution
(1:3:8). As the result, the Si substrate 11 made
porous having a thickness of 200 microns was removed
in 2 minutes. After removal of the Si3N4 layer 15, a
substrate having a monocrystalline Si layer having a

thickness of 0.5 um - on the Si0, layer 14 could be

2
formed.
When SiH2612 was employed as the source gas,

although it was required to elevatc the growth
tenperatu;e by msome ten degrees, the accelerated
chemical etching characteristics inherent in the
porous substrate could be maintained.
Example 14

On e P-type (100) Si substrate 111 having =
diameter of 3 inchas and a thickness of 200 microns
was grown an Si epitaxial layer 112 with a thickneas
of 1 miocroen by the CVD method. The deposition
conditioné are as follows: .

Reactive gas flow rate: SlBZCI2 1000 sSCCM

H, 230 L/min.
Temperature: 1080 °C
Pressure: 80 Torr

Time: 2 min.
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The substrate was anodized in a 50% HF
solution. The current density at this time was 100
nA/cuz. The porous atructure formation rate at this
timc was 8.4 um/min. and the P-type (100} S§i subatrate
111 having a thickness of 200 nicrons as a whole was
made porsus in 24 minutes. In this anocdization, only

the P -type {100) Si substrate 111 was made porous, and

-there was no change in the i epitaxial layer 112.

Next, on the surface of the epitaxial laver 112 was
superposed another Si substrate 114 with an oxidized
layer cof 5000 angstroms formed on Lhe aurfage, and by
heating in a nitrogen atmosphere at 800 °c for 0.8
hour, the two S1 substrates were bonded firmly
together. Subsaequently, 313N4 was coated on the
bonded subatrate by the low pressurs CVD method to a
thickness of 0.1lum. Thereafter, only the nitride film
on.tne porous subetrate was removed by reactive ion
etéhing. Then, the porous Si =ubstrate 111 was
chemically etched away by use of hydrofluoric acid-
nitric acid-acetic acid solution (1i:3:8). As the
result, tﬁe Si substrate 113 made porous having a
thickness of 200 nic:bng was renxoved 1in 2 minutes.

After removal of the SigN, layer 116, a substrate

4
having a monocrystalline S{ layer 112 having a
thickness of 1 um could be formed on 5102.

Also the thickness of the monoerystalline Si
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laycr obtained was examined by use of Scanning
Ellipsometer. As the result, within the plane of the

3 inches wafer, the difference between the maxiaum

‘wvalue and the minimum value of the thiockness of the

monocrystalline S§i layer was found to be suppressed 5%
6r less relative to the maximum value of the
thickness. As the result of plan view observatjon of
the monocrystalline Si layer by transmission electron
microscopy, the dislocation qefect &ensity was found
to be suppressed 1 X ioslcm2 or lesa, whereby it could
be confirmed that no new crystal defect had been.
introduced in thé monocrystalline Si layer formation
process to maintain good crystallinity. When the life
Time of minority ocarriers was measured for the
monocrystalline 31 layer by use of the microwave
reflectlion method. a high value of 2.0 x 10"3 sec. was
exhibited. |
Ekanple 15

on a P-type {(10Q) Sf{ subatrate 111 having a
diameter of 3 inches and a thicknesa of 200 microns
was grown.an S§i epitaxi#l layer 112 to a thickness of
0.5 micron by the CVD method. The deposition
conditions are as follows:

Reactive gas flow rate: §iH,Cl, 1000 SCCM

H 230 1l/min.

2
Tenperature: 1080 %
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Pressure: 80 Torr

Time: 1 =min.

The subatrate was anodized in a 50% HF
solution. The current density at this time was 100
nA/cmz. The porous atrugtuce formarion rate at this
time was 8.4 um/min. and the P-type (100) Si substrate
111 having a thickness of 206 niérons as a whole was
made porous in 24 minutes. In this anodization, only
the P-type (100) S$S1i substrate 111 was made porous, and
thera was no change in the Si epitaxial laver 112.

Next, on the surface of the epitaxial layer
112 was superposed an Si substrate 114 with an
oxidized iayer of 5000 angstroms formed on the
surface, and by heating in a nitrogen atmoephere at
800 °C for 0.5 hour. the two Si substrates were bonded
firmly together. Subsequently, 513R4 was coated on
the bonded substrale by the low pressure CVD method to
a thickness of 0.1 um. Thereafter, only the silicon
nitride film 116 on the poruvus substrate 113 was
reaoved by reactive ion etching. Then, the porous Si
substrdte'113 was chemiocally etched away by use of
nydrofluoric acid-nitric acid-acetic acid solution
(1:3:8). As the result, the Si substrate 113 made
porous having a thicknese of 200 microns was removed
in 2 minutes. After removal of the siaﬂ‘ layer 116, a

substrate having a monocrystalline Si layer 112 having

\'
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a thicknesas of{ 0.5 un caould be formed on the 8102
layer 115. As the result of ¢roasa-sectional
observation by transmission electroh mnicroscopy. it
could be confirmed that no new crystal defect had been
introduced in the Si layer to maintain good
crystallinity.
Example 16

On a auvrface of a P-type (100} S1 substrate
111 having a diameter of 3 inches and a thicknees of
200 microns was formed an N-type Si layer 112 to a
thickness of 1 micron by ion implantation of protons
into the surface. The amount of ) implanted wan

15 (1ons/cnz). The aubstrate was

found to be § X 10
anodized in a 50X HF solution. The current density at
this time was 100 mA/cnz. The porous structure
formation rate at this time was 8.4 um/min. and the P-
Type (100) Si substrate 111 having a thickness of 200
microne as a whole was made porous in 24 minutes., In
this anocdization, only the P-type (104Q) Si substrate
111 was made porous, and there was no change in the N-
type Si 1§yer 112, Next; on the surface of the N-Type
S1 layer 112 was superposcd another S substrate 114
with an oxidized layer 115 or 5000 angstroms formed on
the surface, and'by heating in a nitrogen atmosphere
at 800 °C for 0.5 hour, the Si substrates were bonded

firmly together. Subsequently. Si.iN4 was ooated’on

—_—
This Sheet Has Bee

LTI



10

18

20

25

,
A
TaAan

-

- 76 =

the bonded subslrate by the low pressure CVD
method to a thickness of 0.1 um. Thereafter, only the
ailicon nitride £ilm on the porous substrate was
removed by reactive ion etéhing. Then, the porous §i
substrate 113 was chemically ctched away by use of
hydrofluoric acid-nitric acid-acetic acid solution
(1:3:8}. A= the result, the Si substrate 113 made
porous having a thickness of 200 microns was removed
in 2 minutes. After removal 0I the 513“‘ layer 116, a
substrate ﬁaV1ng a monocrystalline &i layer 112 ha?ing
a thickness of 1.0 um could be formed on the 5102. As
the result of cross—-sectiocnal observation by
transnission electron microscopy, it could be
confirmed that no new crystal defect had been
intreoduced in the S1i layer to maintain good
crystallinity.
Example 17

A P-type {(100) monocrystalline Si substirate
having a diameter of 3 inches and a thicknesas of 200
microns was anodized in 2 50% H¥ solution. The
current density at this time was 100 nA/cmz. The
porous structure'fornation rate ut thig time was 8.4
ux/min. and the DP-type (100) S1 substrate having_a
thickness of 200 microns as a whole was made porous in

24 minutes.

On the P-type (100) porous Si substrate 31 was
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grown an Si epltaxial layer 3? to_a-thicknesa of_o.s
microns by the MBE (Molecular Beam Epitaxy) method.
The deposition conditi;ns are as follows:

Temperature: 700 oC

Pressure: 1 x 10 > Torr

Growth rate: 0.1 nm/sec,

Next, on the surface of the epitaxial layer 32
was formed an oxide layer 36 with a thickness of 1000
angstrome. Then, on another Si substrate having an
oxide layer 34 of 5000 éngstrcns_forned on the surface
was superposed the above oxide layer 36, and by
heating in a nitrogen ataosphere at 800 °C for 0.5
hour, the  both were bonded firmly together. SisN4 was
coated on the bonded substrdte by the low pressure CVD
method to a thickness of o.liun. Thereafter, only the
silicon nitride film on the porous substrate was
removed by reactive ion etching. Then, the poroué Si
substrate 31 was chemically etched away by use of
hydrofluoric acid-nitric acid-acetic acid solution
{(1:3:8). As tho.reault, the Si substrate 31 made
porous having a thickness of 200 microns was removed
in 2 minutes. After removal of the Si 34 layer 35, a
substrate having a thin film monocrystalline Si layer

32 could be formed on the Si0 As the result of

2°
cross—sectional obssrvation by transmission electron

microscopy, it could be counfirmed that no new crystal
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defect had been intraduced in the Si layer to maintain
good crystallinity.
Extample 18

A P~type (100) monocrystalline Si substrate
having a diaﬁeter of 3 inches and a fnickness of 200
microns was anodized in a 50% HF solution. The
current density at this time was 100 mA/umz. The
porous structure fornafion rale at this time was 8.4
um/min. and the P-type (100} Si substrate having a
thickness of 200 microns as a whole was made porous in
24 minutes. On the P-type (100) porous Si substrate
31 was grown an S1 eplitaxial layer 32-to a thickness
of 5 microns aecording_tq the plasma CVD method. The
deposition conditions ure as follows:

Gas: 5154

Radio fregquenoy power: 100 #

Temperature: 860 %¢

2'Torr

Pressure: 1 X 10~

Growth rate: 2.5 nm/sec.

Next, on the surface of the epitaxial laver 32
was formed an oxide layer 36 with a thickness of 1000
angstroms. Then, on another Si substrate 33 having an
oxida layer 24 of 5000 angstroms formed on Lhe surtace
wags superposed the abové oxide layer 36, and by
heating in a nitrogen atmosphere ét 800 °C for 0.5

hour, the both were bonded firnly together. si3N4 was
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coated on the bonded uubstrate by the low pressure CVD
nethod te a thickness of 6.1 um. Thereafter, only the
silicon nitride film on the porous substrate was
removed by reactive lon etching. Then, the poruus Si
substrate 31 was chemically etched away by use of a
KOH solution (6 M}. A= the result, the Si substrate
31 made porous having a thickness of 200 microns was
removed in 2 minutesx. After removal of the 513H4
layer, a substratec havinyg a monocrystalline Si layer
32 with good crystallinity could be formed on the 5102
layer.

Aléo the thickness of the monocrystalline Si
layer obtained was examined by use of Scanning
Ellipsometer. As the result, within the plane of the
3 inches wafer, the difference between the maximum
value and Lhe ninimum value of the thickness ot the
aonocrystalline $i layer was found to be suppressed $%
or less relative Lo the maximur value of the
thickness. AsS the result of plan view observation of
the monocrystalline Si lafer by transmission electiron
microsoopy, the dislocation defect density was found

to be suppressed 1 x 103/cn2

or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrystalline Si layer formation
process t0 maintain good crystallinity. When the life

time of minority cerriers was measured for the
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monocrystalline Si layer by uee of the MOS C-t method,

3 sec. was exhibited.

a nigh value of 2.0 x 10
Example 19

A P-type (100) monoorystalline S$i substrate
having a.diametar of 3 inches and a thickness of 200
microns was anodized in a 50% HF soclution. The
current density at this timc was 100 mA/cm7. The
porous structurc formation rate at this time was 8.4
pm/min. and the P-type (100) Si substrate haviong a
thickness of 200 microns as a nﬁole was made porous in
24 minutes. On the P-type (100) porous Si subsotrate
31 was grown an Si epitaxial layer 32 to a Lhicknéss
of i micron accordiang to the blas sputtering method.
The deposition conditions are as followe:

RF.frequency: 100 HH?

Radio frcquencf power: 600 W

°c

Temperature: 800

Ar gas pressure: 8 x 10 ° Turr

Growth time: 120 nrin.

Target direct current bias: — 200 v

Su;strato direct curren dbilas: + SV

Next, on the surface of the epitaxial layer 32
was formed an oxide layer 36 with a thickness of 1000
angstroms. Then, on another Si subsfrafn 33 having an.

oxide layer 34 of 5000 angstroms formed on the surface

was 5uperpused the above oxide layer 36, and by
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heating in a nitrogen atmosphere at 800 "C for 0.5

.hour, the both were bonded firmly together. Sisn4 was

coated on the bonded substrate by the low pressure CVD
melhod to a thicknees of 0.1 um. Thereafter, only the
nitride film on the porous substrate 231 was removed by
reactive ion etching. Then, the porous Si substratc 31
was chemically ctched away by use of a hydrofluoric
acid~-nitric acid-acetic acid solution (1:3:8). As the
result, the S§i éubstrate 31 made porous having =2
thickness of 200 micruns was removed in 2 minutes.
After removal of the Si3N4 layer, a substrate having a
monocrystalline Si layer 32 with good crystallinity

could be formed un the 510, layer.

2

The same effect wae cbtained also when Apiezon
Wax was coated in place of the 513K4 layer 35, whereby
only the 5i substrate 35 made porous could be
coﬁpletely removed.
Example 20

A P-type (100) monocrystalline Si substrate
having a diameter of 3 inches and a thickness of 200
nicrons was anodized in a 50% HF solution. The
current density at this time was 100 nA/cnz. The
porous structure formation rate at this timec waa a8.4
un/min. ;nd the P~type (100) Si subostrate having a
thickneas of 200 microns as a whole was made porous in

24 pinutes. On the P-type (100) porous Si subatrate
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31 was grown an S$i epitaxiél layer 32 to a thickness

.0t 5 micron by the liquid phase growfh method. The

growth conditions are as follows:
Solvent: Sn
Growth temperature: 900 °C
Growth atmospherc: H2
Growth time: 10 min. _
Next, on the surface of the epitaxlial layer 32
was formed an oxide layer 36 with a thickness of 1000
angstroms. Then, on another Si substrate 33 having an
oxide layer 34 of 5000 angstroms formed on the surface
was superposed the above oxide layer 36, and by
heafing in a nitrogen atmosphere at 700 ?C fur 0.5
hour, the botﬁ vwere bonded firmly together. SiaN‘ was
coated on the bonded substrate by the low pressure CVD
method to a thickness of 0.1 un. Therealter, only the
sil icon nitridé film on the porous substrate wac removed
by reactive ion etchiug. Then. the porous Si substrate
31 was chemically etched away by usc of a hydrofluoric
acid-nitric acid-acetic acid solution (1:3:8). As the
result, the Si substrate 31 made porous having a
thicknesg of 200 microne was removed in 2 minutes.
After removal of the 313N4 layer 25, a substrale
having a monocrystalline Si layer 32 could be formed
on the 3102. The sama cffect was obtained also when

Aplezon Wax was coated in place of the 513N4 layer,

‘—‘f———~—————~—___;____
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wheraby only ;he Si aubstrate made porous could be

.completely removed.

Also the thickness of the nancrystalline Si
layer obtained was examined by use of sdanning
2111p§ometer. As the result, within the plane of the
3 inches wafer, the difference betwaen the naximun
value and the minimum value of the thickness of the
monocrystalline Si layer was found to be suppressed 5%
or less relative to the maximum value of the
thickness. As the result of plan view observation of
the monocryatalline Si layer by transnission electron
microscopy. the dislocation defect density was found
to be suppressed 1 x 103/cm2 or less, whereby it could
be confirmed ihat no new crystal defect had been
introduced in the monocrystalline Si layer formation
process to nmaintain good crystallinity. When the life
time of minority carriers was measured for the
monocrystalline $Si layer by use of the MOS C~t method,
a high value nof 2.0 x 10’3 sec. was exhibited.

Example 21 |

A P-type (100) nonocryatglline S1 substrate
having a diameter of 3 inches and a thicknesa of 200
minrong was anodized in a 50% HF sclution. The
surrent density at this time was 100 mA/cnz. The
porous structure formation rate at this time was 8.4

um/min. and the P~type (100) Si substrate having a
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thickness of 200 microns as a whole was made porous in

.24 minutes. On the P-type (100} porous Si substrate

31 was grown an Si epitaxial layer 32 to a thickness
of 1.0 micron at low temperature by the low pressure
CVD method. The deposition conditions are as follows:

Source gas: SiH4

| Cafrier gas: H2

Temperature: 850 oC

Pressure: 1 x 1o'f2 Torr

Growth rate: 3.3 ﬁm/sec.

Nex{. on the surface of the epitaxial layer 32
was formed an oxidized layer 36 with a thickness of
1000 angstroms. Then. on another Si substrate 33
having an oxi&e layer 34 of 5000 angstroms formed on
the surface was superposed the above oxide layer 36,
and by heating in a nitrogen atmosphere at 700 °c for
0.5 hour, the both were bonded firmly together. 5131!4
was coated on the bonded substrate by the low pressure
CVD method fo a thickness of 0.1 um. Thereafter, only
the silicon nitride film 35 on the porous substrate 31
was removed by reactive ion etching. Then, thé porous -
Si substrate 31 was chemically etched away by use of a
'hydrofluoric acid-nitric acid-acetic acid solution
(1:3:8). As the result, the Si substrate 31 made
porous having a thickness of 200 microns was removed

in 2 ninutes. After removal of the SizNg4 layer 35, a

_
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substrate having a monocrystalline Si layer 32 could

-pe formed on the 510, layer.

2
When 5182012 was e¢mployed as the source gas,

although the growth temperature wés required ta be
elevated by some ten degreca, the accelerated chemical
etching charaoteristics inherent {n the porous
subetrate could be maintained.
Example 22' |

On a P-type (100) S1 substrate 131 having a
diameter of 3 inches and a thickness of 200 microns
was grown an Si epitaxial layer 132 with a thickness
of 1 micron by the CVD method. The deposition
canditions are as follows:

ReactAVc gas flow rate: SiH Cl2 1000 SCCM

2

H 230 l/min.

2
Temperature: 1080 °6
Presauge; 80 Torr
Time: 2 min.

The substratc was anodized in a 650X HF
solution. The current density at this time was 100
mA/cm?. The porous structure formation rate at this
time was 8.4 pm/nin. and the P-tﬁpe {100) Si substrate
131 having a thickness of 200 microns as 2 whole was
made porous in 24 minutes.. As described abova..onif |

the P~type (100} Si subsirate 131 was made porous in

thia anodizatiorn, and'fhera was no change in the Si
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epitaxial layer 132. Next, on the surface of the

epitaxial layer 132 was formed an oxidized layer 137,

another Si substrate 134 having an oxidized layer 135

‘of 5000 angstroms formed on the surface was superposed '

on the above uxidized layer 137, and the two Si
substrates were bonded together firmly by heating at
800 °C for 0.5 hour in a nitrogen atmoophere. By the
low pressure CVD method, Si, N, was couated with a
thickness of 0.1 pm on the bonded substrate. Then ouly
the silicon nitride film on the porous subslLrate was
removed by reactive ion etching; Subsequently, the
porous Si substrate 133 was chemically etched away by
use of hydrofluoric acid-nitric acid-acetic acid
sclution (1:3:8). Ae the result, the Si.substrate 133
nade porous having'a thickness of 200 microns was
removed in 2 minutes. After removal of the 513“4
layer 136, a substrate having the monécrystalline Si
layer 132 having a thickness of 1 pm could be formed
on 5102

As the result uf craoss-sectional observatibn
by tranemission electron microscopy, it was confirmed
that no new cfystal defect ﬁad been introduced in the
Si layer to maintain good cryatallinity.
Example 23

an a P—type (100) 5i substrate 131 having a

dlameter of { inches und a thickness of S00 microns
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was grown an Si epitaxial layer 132 with a thickness
.of 0.5 micron by the CVD method. Thé deposition
conditions are as follows:
Reactive gas flow rate: Siazclz '1000 SCCM
H . 230 1/min.

2

fenpcreture: 10890 OC

Pressure: 80 Torr

Time: 1 min.

The substrate was anodized.in a 50% HF
solution. .The current density at this time was 100
mA/nmz. The porous structure formation rate at this
time was 8.4 um/min. and the P-type (100) Si substrate
131 having a thickness of Soo microns as a whole was
made porous. IOnly the P-type (100) Si substrate 131
was made porous 1in this anodization, and there was no
change in the Si epitaxial layer 132.

Next., on the surface of the epitaxial layer
132 was foramed an oxidized layer 137 with a thickness
of iooo angstroms. Then, another S$1 substrate 134
having an oxidized layer 135 of 5000 angstroms [ormed
on the surface was adhered on.the above oxidized layer
137, and the both were bunded together firnly.' by
heating at 200 °c for 0.5 hour in a anitrogen
atmosphere., By the low pressure CYD method, 5133‘ was
coated with a thickness of 0.1 um on the bonded

substrate, and only the silicon nitride f£film 136 on
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the porous substrate 133 was removed by reactive ion

'ﬁetching. Then, the porous Si substrate was chemically

etched away by use of hydrofluoric acid—nitric.acid~
acetic acid solution (1:3:8). As the result, the si
substrate made porous having a thickness of 500
microns was removed in 5 minutes. After removal of
the Si N, layer 136, a substrate having the
monocrystalline Si layer 132 could be formed on Sioz.
Also the thickness of the monocrystalline Si
layer obtained was examined by use of Scanning
Ellipsométer. As the result, within the plane of the
4 inches W;Eer, the difference between the maximum
value and the minimum value of the thickness of the
monocrystalliﬁe Si layer was found to be sﬁppressed 8%
or less relative to the maximum value of the
thickness. As the result of plan view observation of
the monocry#talline Si layer by transmission electron
microscopy. the dislocation defect density was found

to be supprésaed 1x 103/cm2

or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrystallihe Si layer formation
process to maintain good crystallinity. When the life
time of minority carriers was measured.for the

nonocrystalline Si layer by use of the MOS C-t method,

a high value of 2.1 x 10"'3 sec. was exhibited.
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Example 24

On the surface of a P-type (100) Si substrate
131 having a diameter of 3 inches and a thickness of
200 microns was formed N-type Si layer 132 with a
thickness of 1 micron by ion implantation of protons.

5

The amount of H' implanted was § X 1()1 (1ons/cm2).

The substrate was anodized in a 50% HF solution. The
current density at th:is time was 100 nA/cnz. The
porous structure formation rate at this time was 8.4
pm/min. and the P-type (100) Si substrate 131 having a
thickness of 200 microns as a whole was made porous in
24 minutes.q Only the P-type (1008) Si substrate 131
was made porous in this anodization, and there was no
change in the N-type Si layer 132. Next, on the
surface of the epitaxial laYef 132 was formed an
oxidized layer 137 with a thickness of 1000 angstroms.
Then, anocther Si subsirate 134 having an oxidized
layer 135 of 5000 angatroms formed on the surface was
adhered on the abave oxidized layer 137, and the two
Si substrates were bonded together firmly by heating
at 700 °C for 0.5 hour. Ry the low pressure CVD
method, 513N4 was coated with a thickness of ¢.1 um on
the bonded substrate. Then, only the silicon nitride
film on the porous substrate was removed by reactive

ion etching. Subseguently, the porous Si substrate

133 was chemically etched away by use of hydrofluoric
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acid-nitric acid-acetic acid solution (1:3:8). As the

.result, the Si substrate made porous having a

thickness of 200 microns was removed in 2 minutes.
After removal of the 513H4 layer 136, a substrate
having the monocrystalline Si layer 132 could be
formed on $Si0,. As the result of cross—sectional
observation by transmission ?lectfon mic:oscopy,'it
was confirmed that no new cfystal;ine'aefect had been
introduced in the Si layer to m#intain good

crystallinity.

Example 25

-

A P~-type (100) monocrystalline Si substrate
having a diameter of 3 inches and a thickness of 200

microns was anodized in a S50% HF solution. The

current density at this time was 100 mA/cmz. The

porous structure formation rate at this time was 8.4
um/min. and the P-type (100) Si substrate having a
thickness of 200 microns as a whole was made porous in
24 m;nutes.u

| On the P-type (100) porous Si substrate 41 was
grown an Si epitaxial layer 42 to a thickness of 0.5
microns by the MBE (Molecular Beanm Epitaxy) method.
The deposition conditions are as fallows:

Temperature: 700 °¢
9

Pressure: 1 x 10 ° Torr

Growth rate: 0.1 nm/sec. .
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Next, on the surface of the epitaxial layer 42

was formed an oxidized layer 45 with a thickness of

1000 angstroms. Then, another Si subatrate 43 with an

oxidized layer 44 of 5000 angstroms formed on the
surface was superposed on the above oxi&ized layer 45,
and by heating in a nitrogen atmosphere at 800 °c for
0.5 hour, the two Si substrates were bonded firnly'
together. Then, the porous S{ substrate 41 was
chemically etched away by use of hydrofluoric acid-
nitric acid-acetic acid soldtion (1:3:8). As the
result, the Si substrate 41 made porous having a
thickness of 200 microns was removed in 2 minutes.

Thus, a substrate having a thin film |
nonocrystalline Si layer 42 could be formed on the
5102. As the result of cross—-sectional observation by
transmission electron microscopy, it was confirmed.
that no new crystal defect had been introduced in the
Si layer to maintain good crystallinity. |

Example 26

A P—type (200} monocrystalline Si substrate
having a diameter of 3 inches and a thickness of 200
microns was anodized in a 50% HF solution. The
current density at this time was 100 nA/cnz. The
porous structure formaticn rate at this time was 8.4

um/min. and the P-type (100) Si substrate having a

thickness of 200 microns as a whole was made perous in
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24 minutes. On the P-type (100) porous Si substrate

.A1 was grown an Si epitaxial layer 42 to a thickness

of 5 microns by the plasma CVD method. The deposition
conditions are as follows:

Gas: Siﬂ‘

Radio frequency power: 100 W

Temperature: 800 °c

Pressure: 1 x 10 2 Torr

- Growth rate: 2.5 nm/sec.

Next., on the surface of the epitaxial layer 42
was formed an oxidized layer 45 with a thickness of
1000 angstroms. Then, another Si substrate 43 with an
oxidized laver 44 of S000 angstrons formed on the
surface was sﬁperposed on the above okidized layer 45,
and by heating in a nitrogen atmosphere at 800 °¢ for
0.5 hour, the two Si substrates were bonded firmly
together. Then, the porous Si substrate 41 was
chemically etched gway'by use of a KOH solution of 6
M.

As described above, ordinary chemical etching

rate of Si monocrystal relative to 6M XOH solution is

about a little lower than 1 micron per minute, but the

- chemical etching rate of a porous layer 1s accelerated

by about 100-focld thereof. Then, the Si substrate
made porous having a thickness of 200 microns was

removed in 2 minutes.
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Thus, a monocrystalline Si layer having good
crysatallinity could be formed on the sioz.
Bxample 27

A P-type (100) monocrystalline $i substrate
having a diameter of 5 inches and a thlickness of 600
micronu was anod{zed in a 50% HF solution. The
current density at this time was 100 nA/cnz. The
porous struclure formation ratc at this tine was 8.4
um/min. and the P-type (100) Si subsatrate having a
thickness of 600 microns as a whole was made porous in
70 minutes. On the P-type (100) porous Si substrate
41 was .grown an Si epitaxial iayer 42 to a thickness
©of 1 microa by the blas-sputtering method. The
deposition counditions are as follows:

RF frequeénoy: 100.Mﬂz

Radio freguency power: 600 w

Temperature: 300 °c

AT gas pressure: 8 X 10_3 Torr

Grbwth time: 120 minuteé
';f;rget dir?ct current blas: - 200 V

Suhstra#e direct current bias: + 5 V.

Next, on the saurface of the epitaxial layer 42
was formed &n oxidized layer 45.w1th a thicinesa or
1000 angstroms. Then, another Si substrate 43 with an
oxidized layer 44 of 5000 angstroms formed on the

surface was superposed on the ahove oxidized layer 4S8,

_————"—--"‘_‘_—_—"-‘
eet Has Been Replaced -

\\\l\l\\ T



10

15

20

25

LR R IR
TTNY
.

~

- 94 --

and by heating in a nitrogen atmosphere at 800 °C for

0.5 hour, the two S1 substrates were bonded firmly

together. Then, the porous Si substrate 41 was
chemically etched away by use of hydrofluoric acid-
nitriec acid;acetic acid solution (1:3:8). As the
result, the Si aubstrate $¢1 made porous having a
thickness of €00 microns was removed in 7 minutes.

Thus, a substrate having & munocrystalline Si
laver 42 with good crystallinity could be formed on
the sig,.

Alsc the thicknege of the munocrystalline Si
laver ohtained was examined by use of Scanning
Ellipaometer. As the resultr, within the plane of the
S inches wate;. the difference between the maximum
value and the minimum value of the thickncss of the
monocrystalline S1 layer was found to be suppressed 8%
or less based on the meximum value of the thickness.
Aa the result of pian view observation of the
monocrystalline Si layer by transmission electron
microscopy. the di;lccation defect density was found

2 or less, whereby {t could

t0 be suppressed 1 x 103/cn
be conflirmed that no new crystal defect had been
introaucéd in the nonocrystalline Si layer formation
step to maintain good crystallinity. When the life
time of minority carriers was measured for the

monocrystalline 61 layer by use of the MOS C-t method,

This Sheet Has Been Replaced

 RTRR




10

is

0

- 95 - - L.

a high value of 2.1 X 10'3 aec. was cxhibited.

Example 28

A P-typa (100) monocrystalline Si subatrate
having a diameter aof 3 inches and a thickness of 200
nicrons was anodized in a 50% HF solution. The
current density at this time was 100 mA/cm’. The
porous structure formation rate at thias time was 8.4
ra/min. and the P-type (100) Si substrate having a
thickness of 200 microns as a whole w;s made porous in
2¢ minutes. On the P-type (100) porous Si substrate
41 was grown an Si epitaxiél layer 42 to a thickncsa
of S microns by the liquid phase growth method. The
growth conditions are as follows:

Solve&t: Sn

Growth temperature: 900 °C

Growth atnosphere: H,

Growth time: 10 minutes.

NexL, on the surface of the epjitaxial layer 42
was formed an oxidized layer ¢5 wiih a thickness of
1000 angstroms. Then, another Si substrate 43 having
an oxidized layef 44 of $000 angstroms faormed on the
surface was closely contacted. and by heating in a
nitrogen atmosphere at 700 °C for 0.5 hour, the two Si
subatrates were bonded firaly together. Then, the
porous Si substrate 41 was dhenidally etched away by

uae of ﬂydrofluoric acid-nitric acid—acetic acid

R —
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solution (1:3:8). As the resulf..the Si substrate 41
;gade poerous having a thickness of.zoo microns was
removed in 2 minutes.

Thue, a substrate having a monocrystalline Si
layer could be formed on the ssoz.
Example 29

A P type (100) nonoc:ystallige Si substrate
having a dlameter of 5 inches and a thickness of 200
microns was anodized in a 50% HF solution. The
current deusity at this time was 100 nA(cmz. The
porous structure fornatiqn rate at this time was 8.4
pr/min. and the P—type'(lou) §i substrate having a
thickness "of 200 niﬁrnns as a whole was made porous in
24 minutes. 6n the D-type (100) porous Si substrate -
41 was grown an Si epitaxial layer 42 to a thickness
of 1.0 microns by to the low pressure CVD method. The
deposition conditions are as rallows:

Source gas: 5134

carrier gas: H

2
Temperature: 850 %

Pressure: 1 x 10'? Torr

growth rate: 3.3 nm/sec,

Rext, on the surtace of the cpitaxial layer 42
was formed an oxidized layer 45 with & thickness of
1000 angstroms. Then, another Si substrate 43 having

ah oxidized layer 44 of 5000 angstroms on the surface

e
eet Has Been Replaced

i,



10

1®

20

25

- 97 S

4 YT
Y
N
~
+ » 3 &
-
(R REEEX]

was closely &ontacted, and by heating in a nitrogen

.atmosphere at 700 °Cc for 0.8 hour, the twou 531

substrates were bonded firmly together. Subsequently,
the porous Si substrate 41 was chemically etched away
by use of hydrofluoric acid-nitric aclid-acetic acid
solution (1:3:8). As the result, the Si substrate 41
made porous haviug a thickness of 200 microns was
removed in Z minutes.

Thus, a substrate having a monoerystalline 8i
layer 42 on SiQ

2
employed, although it was necessary to elevate the

could be formed. When s:.mzc1z was

growth temperature by some ten degrees, the
agcelerated chemical etching characteristics inherent
in the porous.subctratc were maintainedi
Example 30

On a P-type {100) Si substrate 141 having a
diameter of 2 inchea and a thickness of 200 microas
was grown an Si epitakial layer 142 with a thickness
of 1 micron by the CVD method. The deposition
conditiona are as follows:

Reactlve gas tlow rate: SiH_Cl 1000 SCCH

2772
H, 230 1/min.
Temperature: 1080 o
Pressure:. 80 Torr
Time: 2 min.

The subatrate was anodized in a 50% HF
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solution. The current density at this time was 100

.yh/cnz. The porous structure formation rate at this

time was 8.4 pm/min. and the P-type (100) Si substrate
having a.thickneaa of 200 microns as a whole was nade
porous. Only the P-type (100) Si eubstrate 141 was
made porous in this anodization, and there was no
ahange in the Si epitaxial layer 142. Next, on the
aurface of the epitaxial layer 142 wau superposed
another Si suéstrate-144 having an oxidized layer 145
of 8000 angotroms formed on the surface , and the two
Si substrates were honded together firmly by heating
at 800 °C for 0.5 hour in = nitrogen atmosphere.
Subsequently, the porous Si substratc was chemically
etched away by use of hydrofluoric acid-nitric acid-
acatic acid gelution (1:3:8). As the resuif, the §%
substrate made porous having a thickness of 200
microns was removed in 2 minutes.

Thua, a substrate having a monocrystalline
layer 142 with a thickness of i um on 5102 could be
formed. As the result of crogs~sectional observation
by a transmission.electron microscopy, it was
confirmed that no new crystal defect had ﬁeen
introduced in the Si layer to maintain good
crystallinit{.

Exaxple 31

On a P-type (100) Si substrate 141 having a

—_—
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dismeter of 3 inches and a thicknese of 200 microns

.was grown an Si epitaxial layer 142 with a thickness

of 0.5 micron by the CVD method. The deposition

cunditions are as follows:
Reactive gas flow rate: SiN,Cl, 1000 SCCM

Hz 230 l/min.

Temparature: 1080

Presaure: 80 Torr

Time: 1 min,

The substrate was anodized in a 50% HF
aalution. The current density at thi= time wae 100
mA/cmz. The porous structufe formation rate at fhis
time was 8.4 um/min. and the P-type (100} Si substrate
141 having a ¥hickness of 200 microns as a whole was
made porous in 24 minutes. Only the P-type (100) Si-
substrate 141 was made porous in this anodization, and
there was no change in the Si epitaxial layer 142.

Next, on the surface of the epitaxial layer
142 was formed an oxidized layer 146 with a thickness
of 1000 angstroms. Then, another Si substrate having
an oxidized layer 145 of 5000 angstroms formed on the
surface was clogely contacted, and the two i
substrates were bonded together firmly by heating at
700 °c for 0.5 hour. Then, the porous Si substrate

was'chenically etched away by use of hydrofluoric acid-

nitriec acid-acetic acid solution (1:3:8). As the
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raault, the Si subotrate made porous having a

thickness of 200 microns was removed in 2 minutes.

10

is

20

Thus, & substrate having a monocrystalline Si1
layer on $i0, could be formed. As the result of cross-
sectional observation by transmisston electron
micréscopy. it was confirmed that no new c;ystal
dafect had been {ntroduced in the 51 layer to maintain
good crystallinity.

Example 32

On the surface of a P-type (109) Si substrate
141 having a diareter of 3 inches and a thickness ot
200 nmicrong was formed an N-type Si layer 142 with a
thickness of 1 micrun by ion implantation of protons.

S

The amount of'ﬂ+ implanted was 5 x 101 (idns/cmz).

The subatrate was ancdized in a 50% HF solution. The
current density at this time was 100 nA/cnz. The
porous structure formation rate at this time was 8.4
um/nin. and the P-type (100) Si substrat§ having a
thickness of 200 microns as a whole was made porous in
24 minutes. Only the P-type (100} Si substrate 141

was made porous in this anodizatinn. and there was no

change in the N-type Si layer 142. Next, on the

surface of the epitaxial laver 142 was formed an

25

oxidized layer 146 with a thickness of 1000 angstrons.
Then, anuther $i substrate having an oxidized layer

145 of 3000 angstroms formed on the surface was
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closeiy contacted with the abuve oxidized layer 146,

and the two Si substrates were bonded together firmly

by heating at 700 °C for 0.5 bour. Subsequently, the

porous S$i substrate waa chemically etched away by use
of hydforluoric acid-nitric acid-acetic acid salution
(1:3:8). As the result, the 61 substrate made porous
having a thicknesa of 200 microns was removed in 2
mninutes.

A subatrate having - monocrystalline S1 layer
on Sio2 could be formed. -

Also the thickness of the momocrystalline Si
layer obhtained was oxamined by use of Scanning
Ellipaonéter. As the result, within the plane of the
3 inches wafer, the differenac between Lhe maximum
value and the minimum value of the thickness of the
monocrystalline Si layer was found to be suppressed 5%
or less based on the naxinun.value of the thickness.
As the zresult of plan—-view observation of the
monocrystalline Si layer by a transmission electron
microscopy. the dislocation defect density was found

to be suppressed 1 x.loalcn2

or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrystalline $i layer formation
step to maintain good crystallinity. When the life

time of minority carriers was néasured for the

monocrystalline layer by use of the MOS C~t method, =
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high valuec of 2.2 % 10°° swc. was exhibited.
Example 33

A P-~type (100) monocorystalline Si substirate
having a dfamcter of 3 i;ches and a thickness of 200
microns was anodized in a 50% HF aolution. The
current density at this time was 100 mA/cmz. The

porous etructure formulion rate at this time was 8.4

Ka/min. and the P-type (100) Si subetrate having a

thickness of 200 miorons as a whole was made porous in ..

24 minutes.
On the P-type {(100) porous Si subastrate S1 was
grown an Si epitaxial layer 52 to a thickness of 0.5

miorons at a low temperature by the MBE method. The

- deposition conditions are as follows:

Temparature: 700 °¢

Pressure: 1 x 10~° Torr

Growth rate: 0.1 nm/sec.

Next, on the surface of the epitaxial layer S2
waa superposed a fused silica substrate applied
with optical polishing, and by heating in a nitrogen
atmosphere at 800 ¢ for 0.9 hour, the two substrates
were bonded firmly together. By the low pressure CVD
method, 5138‘ was coated on Lhe bondéd substrate
with a thickness of 0.1 unm. Subsequently, only Lhe
nitride film 5¢ on the porous substrale 51 was removed

by reactive ion etching. Then, the porous Si
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anbstrate 51 wao chemicaliy etchied away hy use ot
hydrofluoric ucia-nitric aéid—acetic acid solution
(1:3:8). As the result, the Si eubstrate 51 made
porous having a thickness of 200 microns was reioved:

in 2 minutes. After removal of the Si layer 64, a

3 4

aubstrate having the moncorystalline Si layer 52 with

a thickness of 0.5 um on the rused silica 53 could be
obtained.

As the result of cross—sectional observation
by transmission electron microscopy, it was confirned
that no new crystal defect had been introduced in the
Si1 layer to maintain good cryatallinity
Exanmplc 34

A P-type (100) monoorystalline S$i substrate
having a diameter of 3 inches and a thickness of 200
mnicrons was.anodIZed in a 50X HF solution. The
current density at this time was 100 nA/cmz. The
poraus structure formation rate at this tine was 6.4
Wm/min. ‘and the P-type (100) Si substrate having a
thickness of 200 microns as a whole was made porous in
24 minutes. On the P-type (100) porocus S{ substrate
51 was grown an Si epitaxial layer 52 to a thickness

Of 5 microns by the plasma CVD method. The deposition

conditions are as follows:
Gas: SJ.H4

Radic frequency power: 100 W

—\
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Temperature: 800 ¢

pressure: 1 x 1072 Torr

Growth rate: 2.5 nm/3ec,

Next, on the surface of the epitaxial laycr 52
was superposed a glass subsfratc having a softening
point around 500 °C applied with optical polishing,
and by heating Iin a nitrogen atmosphere at 450 °¢ for
0.5 hour., the two substrates were bonded rirmly
together. By the low pressure CVD method, Si,N, was
coated dn-the bonded substrate with a thickness of 0.1
um. Subsaquently, only the nitride film 54 on the
porous substrate 51 was removed by reactive ion
etching. .Then. the porous Si substrate was chenically
etched away by use of 6M KOH solution. A4s the result,
the Si subatrate made porous having a thickness of 200
nicrons was removed in 2 minutes. After removal of

the Sisx‘ layer, the monocrystalline layer 62 with a

thickness of & um on the low softening glass subgtrate

E3 could be obtained.

Example 35

A ?—type (100) monocorystalline S1 substrate

having a diameter of 3 inches and a thickness of 200

_Amicrons was anodized in a 50X HF solution. The

current denaity at this time was 100 nA/cn2 The
porous structure formation rate at this time was 6.4

Mm/min. and the P-type (100) Si substrate having a
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rhickness of 200 microns as a whole wasg @ade porous in
24 minutes. On the D-type (100) porous 51 substrate
51 was grown an Si epitaxial layer to a thickness of
1.0 micron by the bias-gputtering method. The
deposition conditions are as follows:

RF frequency: 100 MHz

Radio frequency power: 600 W

Temperature: 300 °C

Ar gas pressure: 8 X 1072 Torr

Growth time: 120 minutes

Target direct current bias: - 200 V

Substrate direct current bias: + 35 V.

N;xt, on the surface of the epitaxial layer 52
was superposed a glass substrate 83 haviag a softening
point around 500 °c applied with optidal polishing.
and by heating in a nitrogen atmosphere at 450 °C for
0.5 hour, the two substrate were bonded firmly
together. By the low pressure CVD method, 513x‘ was
coated on the bonded substrate w!th a thickness of 0.1
pm. Subsequently, only the nitride film on the porous
substra*elwac removed by reactive ion etching. Then,
the porous Si substrate was chemically etched away by
use of hydrofluaric acid-nitric acid-acetic acid _
solurion (1:3:8). As the result, the Si substrate 51
made porous having a thickness of 200 microus was

removed 1in 2 minutes. After removal of the Si3N4
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layer 54, a subatrute having the monocrystalline layer
52 with a thickness of 1.0 um on the low nclting point
glass could be obtained. The same e¢ffect could be
aleoc obtained when Apiezon Wax was coated in plaoe of
the Sisn‘ layer, and only the Si substrate 51 made
poroua could be removed.

Also the thickness of the monocrystalline Si
layer obtained was examined by use of Scanhing
Rllipsometer. As the result, within the plane of the
3 1nchea.wa£er, the diffaerence between the maximum
value and the minimum value of the thickness of the
monocrystalline Si layer was found to be suppressed 5%
or leas based on the maximum valuc of the thickness.
As the result of plan-view cobservation of the
monccrystalline 3i layer by a transmission electron
microscopy., the dimlocation defect density was found
to be suppressed 1 x 103/cn2 or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrystalline Si layer formation
step fto maintain good crystallinity. When the life
time of minority carriers was meagured for the
monocrystalline S{i layer by use of the MOS C-t methed,
a high value of 2.0 x 10™> sec. was exhibited.
Example $6

A P-type (106) monocrystalline Si substrate

having a diameter of 3 inches and a thickness uf 200
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microne was anodized in a 50% HF solutlion. The
current density at this time was 100 mA/cmz. The
porous atructure formation rate at this time was 8.4

pm/min. and the D-type (100) S! substrate having a

thickness of 200 microns as a whole was made poroue in

24 minuten. On the P-type (100) porous Si substrate
51 was grown an Si epitaxial layer to a thickness of
10 microns by the liquid phase growth amethod. The
growth conditions ;rc aa follows:

Solvent: Sn

Growth temperature: 900 °cC

Growtp atmogphere: H,

Growth time: 20 minutes.

Next. on the surface of the epitaxial layer 52
was superposcd a glass substrate $3 having a softening
po;nt around 800 °¢ applied with optical polishing,
and by heating in a'nitzogen atnosphere at 7150 °c for
0.5 hour, the two substrates were bonded firmly
together. By the low pressure CVD method, 313N4 was
Coated on the bonded substrate with a thickness of 0.1
BR. Subsequently, only the nitride film on the porous
substrate was removed by reactive ion etctiing. Then,
the porous Si substrate was chemically etched away by
use of hydrofluoric acid-nitric acid-acetic acid
solution (1:3:8). As the result, theISi substrate 51

hade porous having a thickness or 200 microns was
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reavved in 2 minutes. After removal of the Si ‘
layer 54, a substrate having the nonocrystalline 81
layer 62 with a thickneas of 10 um on the glass 53
could be obtained. The same effect could be also
obtained when Apiezon Wax wasas coated in place of the
513N‘ layer, and only the Si substrate made pofous
could be completely removed.
Example 37

A P~type (100) monocrystalline Si substrate
having a diameter of 3 inches and a thickness of 200
microns was anodized in a 50% HF solution. The

current density at this time was 100 nA/cnz. The

porous stfﬁcture formation ratc at this time was 8.4

Hm/min. and the D-type (100} Si substrate'having a
thickness of 200 microns as a whole was made porous in
24 minutes. On the P-type (100) porous Si substrate
51 was grown an Si epitaxial layer 52 to a thickncaa
of 1.0 micron by the low pressure CVD method. The
deposition conditions are as follows:

Source gau: SIH4 800 SCCM™

Carrier gas: H, 150 1/min.

Temperature: 850 °C

Pressure: 1 x 10”2 Torr

Growth rate: 3.3 nam/aecc.

Next, oﬁ iﬁe surface of the epitaxial layer 52

Was superposed a rfused silica substrate 53 abplied
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wjth_optical pelishing, and by heating in a nitrougen
atmosphere at 800 % fur a.s hour, the two S1
substratés were bonded firamly together.

By the low pressure CVD method, Si,N, was
coated on. the bonded substrate with a thickness
of 0.1 um. Subsequently, only the nitride film on the
porous.substrate was removed by reactive jon etching.
Then, the porous Si substrate 51 was chemically etohed
away by use of hydrofluoric acid-nitric acid-acetic
acid solution. As the resull, the Si substraté 51
made porous having a thickneas of 200 microns was
removed in 2 minutes. After removal of the 513H4
layer, a substrate haviang the monocrystalline Si layer
§2 with a thickness of 1.0 pm on the fused silica
substrate 83 could be formed. |

When Siﬂzclz as the source gas was employed,
although it was n#cessary to elevate the growth
temperutﬁre by somc ten degrees,'the accelerated
chemical efching characteristics inherent in the
porous substrate were maintained.
Example 38 |

On a P-type (100) Si substrate 151_having a
diameter of 4 inches and a thickness of 300 miérons
was grown an £i epitaxial layer 152 with a thickness
of 1 micron by the CVD method. The deposition

conditions are as followa:
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Reactive gas flow rate: 51H2C12 1000 sSCCM
H2 230 1l/min.

Temperature: 1060 ¢ _

Pressure: 80 Torr

Time: 2 min.

The substrate was anodized in a 50%¥ HF
aoclulion. The current density at this time was 100
nAIcmz. The porous etructure formation rate at this
time was 8.4 pm/min. and the P-type (100) Si substrate
151 having a thickness of 300 microne as a whole was
made porous in 36 minutes. As desucribed above, only
the P-type (100) Si substrate 151 was made porous in
this anodization, ;nd theralWas no change in the Si
epitaxial layer 152. Next, un the surrace of the
epitaxial layer 152 was superposed a fused silica
substrate 154 applied with optical polishing, and the
twn substrate were bonded together rirmly by heating
at 800 °c for 0.5 hour in a nitrogen atmosphere. By
the low presaure CVD method, SiaN‘ was deposited with

a thicknese of 0.1 um to be coated on the bondecd

~substrate. Subsequently the nitride film 155 on the

porous substrate 153 was removed by reactive. ion
etching. Then, the porous Si substrate was chemically
etched away by use of hydrofluoric acid-nitric acid-
acetic acid solution (1:3:8). As the result, the Si

substrate 153 made porous having a thickness of 300
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microne waa removed in & minules. After removal of

the si layer 165, a substrate baving the

3 4
nonocrystalline S$i layer 152 having a thickness of 1
pm on the fused milica substiate 154 could be tormed.

As the result o cross-sectiocnal observation
by transmiasion electron mioroscopy, it was confirmed
that no new crystal defect had been introduced in the
31 layer to naintain good crystallinity.
Exanmple 39

On a P-type (100) Si substrate 151 having a
dianeter of 3 inches and a thickneoa of 200 microns
was grown an Si epitaxial layer 132 with a thickness
of 0.5 mic;on by the CvD method; The deposition
conditions are as follows:

Reaotive gas flow rate: $152012 1000 SCCM

H2 230 1l/min.
'Temperature: 1080 °¢
Pressure: 80 Torr
Time: 1 min.
The substrate was anodized in a 50% HF
gsolution. ° The current.dens1ty at this time was 100
F 4

mA/cm The porous structure formation rate at this

time was R.4 pa/min. and the P-type (100) Si substrate
161 having a thickness of 200 microns as a whole was
made porous in 24 minutes. Only the P-type (100) Si

substrate was madec porous in this anodization, and
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there Qas no change in the Si epitaxial layer 152.

Next, on the surface of the epitaxial layer
152 was superposed a fused silica substrate 154
applied with optical poliehing, and the two substrates
were bonded togefher firmly by heating at 800 nC ror
0.% hour. By the low pressure CVD method, 513N4 wasg
deposited with a thick#ess of 0.1 um to be coated on
the bonded substrate. Subsequently the nitride film
155 on the porous substrate 153 was removed by
reactive ion etoching. Then, the porous S]1 substrate
was chemically'etched away by use of hydrofluoric acid-
nitric acid-acetia acid solution (1:3:8). As the
result, ;ﬁe Si substrate 153 made pérous having a
thickness of 200 microns waﬁ removed in 2 minutes.
After raemoval of the 513 4 layer 155, a substrate
having the monocrystalline Si layer 152 having a
thickness of 6.5 i on the fused silica 154 could be
formed. As the result of cross-sectional observation
by transmission élecgron microscopy, it was confirmed
that no new crystal defect had been introduced in the
51 layer to maintain good crystmllinity.
Example 40

On the éurface of a P-type (100) Si substrate

151 having é_diancter of 4 inches and a thickness of

‘300 microns was formed an N~type Si layer 152 with a

thickness of 1 micron by ion implantation of protons.

This Sheet Has Been Replaced




«

10

15

20

25

- 113 =~

The amount of H+ implanted was 6 x 1015 (ionolcn?).
The substrale was anodized in a §0% HF solution. The
current density at this time was 100 mA/énz. The
porous etruoture formation rate at thia timc was 6.4
pm/min. and the P-type (100) Si substrate 151 having a
thickness of 200 microns as a whole wag made porous in
37 minutes. Only the P type (100) 31 substrale was
made porous in this anodization. and there was no |
change in the N-type Si layer 1§2. Next, on the
surface of the N type Si layer 152 was superposed a
fused silica substrate 154 with optical polishing, and
the two substrates were bonded together firmly by |
heating at 800 °C for 0.5 hour in a nitrﬁgen
atmosphere. By the low presaure VD method, sxau‘ wase
deposited to a thickness of 0.1 uym to be coated on the
bonded substrate. Subsequently, only the nitride film
135 on the porous substate 153 was removed by rcactive
ion etching. Then, the porous 5i aubstrale was
chemically etched away by use of hydrofluoric acid-
nitric acid-acetic acid solution. Ae the result, the
Si substrate 161 made porous having a fhlckness ot 300
microns was removed in 4 ninutes. After removal of
the 513N‘ layer 155, a substrate having the
monocryetalline Gi layer 152 with a Thickness nf 1.0

um on the fused silica 154 could be formed.

Alan the thicknees of the monocrystalline 5i
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layer obtained waos examined by use of Scanning
Ellipsometer. As the result, within the plane of the
4 inches wafer, the difference bctween the maximum
value and the minianunm value of the thickness of the
monocrystalline S1 layer was found to be suppressed 6%
or less based on thé maximum value of the thickness.
As the result of plan~view observation of the
nonocrystalline $i layer by a transmiesion electron
microscopy. the dislocation defecl density was found

to be suppressed 1 x 103/cm2

or less, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrysatalline Si layer formation
step to maintain good crystallinity. When the 1life
tige of ninority carriers was measured for the
monocrystaliine §1i layer by use of the MNS C-t method,
a high value of 2.2 x 10”3 sec. was exhibited.

Shortly speaking, accord.ln.g TO The present
invention, in obtaiunlng an si crystalline layer
excellenl in crystallinity equal to monocrystalline Si
wafer alse on a light-transparent insulating material
substratc represented by glass. a proceaa.for forming
a semiconductor subatrate exccllent in aspects of
productivity, uniformity, controllability, economy can
be provided. Further, according to the present
invention, there can be provided a process for forming

a semiconductor substrate broad in scope of

_—
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application which can make avail of the advantages -of
the S0I device of the prior.
Examnlel41

A P-type (100) noﬁocrystalllne S1 substrate
having a diemeter of 3 inches and a thicknees of 200
microns was anodized in a 50% HF solution. The
current density at this time was 100 mA/cmz. The
porous structure forkzation rate at this timc-gas 8.4
pm/min. and the P-type (100) Si substrate having =a.
thiackness of 200 micron# as a whole was made porous in
24 ainutes.

On the P-typae {(100) porous $1 substrate €1 was
grown anlSi'epitaxial_layer 62 to a thickness of 0.5
microns by the MBE method. The depeositiun conditibns
are as tollows:

Tcmperature:.TOO °c

Pressure: 1 x 10 ° Torr

Growth rate: 0.1 nm/sec.

Next, on the surface of the epitaxial layer 62
was superposed a fused silica substrate 63 applied
with optiecal polishing, and by heating in a nitrogen

a.

atmosphere atl 800 C for 0.5 hour, the Lwo substrates

vere bonded firmly together. Then, the porous §i
substrate 61 was chemically etched away by use of
hydrofluoric acid-nitric acid-acetic acid solution.

As the result, the Si substirate 61 made ?oroua ha?ing
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a thickneés of 200 microns wac removed in 2 minutes.
A subatrate having the monocrystalline Si layer 62
with a thickness of 0.5 um on the fused silica 63
.could be obtained. As the rcesult of cross-sectional
observation by transmission electron microscopy, it
wae confirmed that no new crystal defect had been
introduced in the Si{ layer to majntalin good
crystallinity.
Erample 42

A P-type (100) monocrystalline Si substrate
having a diameter of 3 inches and a thickness of 200
microns was anodized in a $0% HF solution. The
current dedsity at this Lime was 100 mA/cm>. The
porous structure formation rate at this time was 8.4
um/min. and the P-type (100} 5i substrate having a
Thickness of 200 nmicrouns as a whole was made porous in
24 minutes. On the P-type (100) porous Si substrate
61 was grown an Si epitaxial layer 62 to a thickness

of 5 microns by the plasma CVD method. The deposition

conditions are as follows:

Gas: SiH‘

Radio frequency power: 100 W
Temperature: 800 °¢
Pressure: 1 x 10~2 Torr
Growtl rate: 2.5 na/sec.

Next. on the surface of the epitaxial layer 62

‘//
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waoc superposed a glass substrate having a softening
point around 500 °c applied with optical polishing,
and by heating in a nitrogen atmosphere at 450 ¢ tor
0.5 hour, the two substrates were banded firmly
together. Then, the porous Si substrate 61 was
chemically ctched awuy by use of 6M KOH eolution. As
the result, the S$i substrate 61 uedq.po:pus'haVIng a
thickness of 200 microns was remove& in 2 minutes. A
substrate haviug the monocrystalline $i layer 62 with
a thickness of 5 pun on ghc low softening point glase
63 could be obtained.
Example 43

A P-type (100) monocrystalline Si substrate
having a diometer of 3 inches and a thickneas of 200
microns way anodized in a 50% HF solution. The
current density at this time was 100 mA/cnz. The
porous structure formation réte at this time was 8.4
un/min. and the P-type (100) $i substrate having a
thicknesa of 200 microns as a whole was made porous in
24 minutes. On the P~type (100) porous Si substrate
61 was grown an Si epitaxial layer 62 to a thickness
0f 1.0 micxron by the bLias-sputtering method. The
depoeition conditions are as follows:

RF frequency: 100 MHZ

Radio frequency power: 6§00 W

Temperature: 300 °¢
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Ar gas pressure: 8 x 1.':»"3 Torr

Grnwth time: 120 minutes

Target direct current bias: - 200 V

Substrate direct cur?cnt bias: ¢ 5 V.

Next, on the surface of the epitaxial layer 62
was superposed a ylass substrate 63 haviang a softening
point around 500 °¢ applied with optical polishing,
and-bv heating in a nitrogen atmosphere at 450 °c for
0.5 hour, the two substratés ware bonded {irmly
tuyether., Thén, the porous Si substrate 61 was
chemically ctched away by use of 7 M NaOH solution.

~ As described above, the chemical etching rate
of ordinary Si monocrystal relative to 7 M NaCOH
salution ias about a little lesas than 1 micron per
minute, but the chemicgl etching rate of the parous
laver is accelerated by about 100-fold thereof. Thal
ia, the $i subutrate 61 made porous having a thickness
of 200 microns was removed in 2 minutes. A substrate
having the monocrystalline Si layer 62 with a
thickness of 1.0 um on the low melting point glass 63
could be taormed.

Aleo the thickness of the monocrystalline Si
laycr oblained was examined by use of Scanning
Ellipsometer. 2Ae the result, within the plane of the
3 inches wafer, (he difference between the maximum

value and the minimur valuc of the thickness of the’
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monocrystalline S1 layer was found to be asuppressed 5%
or less based on the maximum value of the thickness.
As the result of plan-view observation of thec
monocrystalline Si layer by a transmigsion eleclLcon
micrascapy. the disldcation defecl density was found
To be suppresced 1 x 103/cm? or less, whergby it could
be confirmed that no new crystal defect had been

introduced in the monocrystalline $i layer formation

step to maintain good crystallinity. When the life

* tipe of minority carriers was measured for the

monocrystalline layer by use of the MOS C-t method, a
hiéh value of 2.1 X 10-3 sec. was exhibited.
Bxample 44-

A P-type (100) monocrystallihe_Si substrate
having a diameter ot 3 iaches and a thickness of 200
miérons was anodized in a 50% HF solution. The
current density at this time was 100 mA/cmz. The
porous structure formation rate at this tTime was 8.@
um/min. and the P-~type {100) Si subsfrate having a
thicknees of 200 gicroné as a wholc was made perous in
24 minutes. On the P-type (100) porous Si substrate
61 was grown an Si epitaxial layer 62 to a thickness

of 10 microns by the liquid phaesc growth method. The

growth conditions are as follows:
Solvent: Sn

Growth temperature: 900 °C

—_—
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Growth atmospheie: HZ

Growth tinme: Zo.minuLes.

Next, on the surtace of the epitaxial layer 62
wus superposed a glass substrate 63 having a softening
point around 800 °c epplied with optical polisbing,
and by heating in a nitrogen atmosphere at 750 °¢ for
0.5 hour, the twn substrates were Londed firmly
taogether. Then, the pgrous 51 subsatrate 61 was
chemically etched away by use of hydrofluuric acid-
nitfic acid-acetic acid solution. As the result, the
Si substrate 61 made pofous having a thickness of 200
microns was removed in 2 iinutes. a4 substrate ﬁaving
the monocrystalline £€i layer 62 with a thickness of 10
Hm on the glass 63 could be obtained.

Example 45

A P~type (100) monocrystalline Si substrate

having a dianeter of 3 inches and a thickness of 200

microns was anndized iﬁ a 50% HF solution. The
current deneity at this Time was 100 nA/cnz. The
porous strucliure rormation rate at this tine was 8.4
um/min. and the P-type (100) Si substrate having a
thickness of 200 microns as a whole was made porous in
24 minutes. On the P-type (100) porous Si substrate
61 was grown an S$i epitaxial layer to a thickness of

1.0 micron by the low pressure CVD methud. tThe

deposition conditions are as follows:

e
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Source gas: SiH, 800 SCGH

Carrioer gas: H, 150 l/min.

2
Temperature: 850 °C

Presaure: 1 x 10“2

Torr

Growth rate: 3.3 nm/sec.

Next, on the surface of the epitaxial layer 62
was superposed a fuead silica substrate 63 applied
with optical polishing, and by heating in a nitrogen
atmosphere at 800 %¢c for 0.5 hour, the two subatrate;
were bonded firamly together. Then, the porous Si
subatrate 61 was chemically etched away by use of
hydrofludbric acid-nitric acid-acetic acid solution.
As the result, the Si substfate 61 made porous having
a thickness of 200 microns wae removed in 2 minutes.
A substrate having. the nmonocrystalline Si layer 62
with a thiokneas of 1.0 um on the fused.silica 63
could be formed. When 5132C12 as. the source gas was
enployed, although it was necessary to elevate the )
growth temperature by some ten degrees, the
accelerated chemical etching characteristices inherent
in the porous sﬁbotrate were maintained.

Efample 46
On a P-type (100} 3i substrate 161 having a
diameter of 4 inches and a thickness of 300 microns_-

was grown an Si epitaxial layer 162 with a thicknees

of U micron by the CVD methud. The deposition

I
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conitions are as follows:
Reactive gas flbw ratc: 51H2C12 1000 SCCM
H, 230 L/min.

Temperature: 1080

Pressure: 80 Torr

Time: 2 min.

The substrate was ancdized in a 50% HF
sclution. The current demnsity at this time was 100
mA/em?.  The porous struCtufe formation rate at thls.
time was 8.4 um/min. and the P -type {(100) Si_substraté
161 having'a thickness of 300 microns as a whole was
made porous in 37 minutes. Only the P-type (100) Si
substrate 161 was made poroua in this anodization, and
there was no change in the S1 epitaxial layer 162.
Next, on the surface of the epitaxial layer was
superposed an optical polished fused silica glass
substrate 164 and the two substrates were bonded
together firmly by heating at 800 ©¢ for 6.5 hour in a
nitrogen atmosphgre. Then, the porou=s Si subctrate )
163 was chemically utched away by use of hydrofluoric
acid nitric acid-acetic ;cid solution (1:3:8}). Ae tﬂe
result. the S; substrate 163 made porous having a
thicknecs of 300 microns was removed in 4 minutes. A

substrate having the monocrystalline Si layer 162

having a thickness of 1 um on the fused ailica glass

substrate 164 could be formed.
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Also the thickness of the nbnocrystalline Si
layer obtained was examined by use of Scanning
Ellipsometer. As the result, within the plane of the
4 inches wafer, the difference between the maximum
value and the minimum value of the thickness of the
monacrystalline Si layer was toﬁnd to be suppfessed 7%
or less bused on the maximum value of the thickness.
As the result of plan-view observation of the
monoccrystalline S$1i layer by a'tranoniaaion electron
micruscopy. the dislocation defect density was found
to be asuppresesed 1 x 103/cn2.or less, whereby 1t could
be oconfitmed that no new crystal defect had bheen
{ntroduced in the monocrystalline Si layer formation
process to maintain good crystallinity. When the life
time of minority carriers was measured for the
monocrystalline Si layer by use of the MOS C-t method,
a high value of 2.0 X 10 > mec. was exhibited.

Example 47

On a P-type (100} Si substrate 161 having a
diameter of 3 ifnches and a thickness of 200 microns
was grown an Si epitaxial layer 162 with a thiockneas

of 0.5 micron by the CVD method. The deposition

" conditions are as follows:

Keactive gas flow rate; SIHzClz 1000 SCCM

H. 230 l/min.

2
Temperature: 1080 %%
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Pressure: 80 Torr

Time: 1 min.

The substrate was anodized in a 50% HEF
sclution. The current deneity at Lhis time was 100
nA/cnz. The poroues structure formation rate at this
time was 8.4 um/min. and the P-type (100) Si substrata
161 having a thickness of 200 micvrons as a whole was
made porous in 24 minutes. Only the P-type (100) Si
substrate 161 was made porﬁus in this anodization, aéd
there was no change in the S{ epitaxial layer 162.

Next, on the sqrtace of the epitaxial laver
162 was superposed an optical polished fused silica
glass substrate 164 and the two substrates were bonded
together firmly by heating at 800 °C for 0.5 hour.
Then, the porous S{ substrate 163 was chemically
etched away by use of hydrorluoric acid-nitric acid-
acetic acid solution. As the reault, the Si substrate
rade porous having a thickness of 200 microns was
removed in 2 ninths. A monocrystalline si layef
having a thivkness of 0.5 um on the glass substrate
could be formed. As the result of cross-aectiohal
observation by tranwmissjion electron microscopy, it
wae confirmed that no new orystalline defesct had been

introduced in the Si layer to maintain good

cryatallinity.

Example 48
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On the surface of a P-type (100} Si substrate
161 having a diameter of 3 inches and a thickness of
200 microns was formcd an N-type Si layer 162 with a
thickness of 1 micron by fon implantation of protons.
The amount of H' fmplanted was 5 x 1015 (ions/oaz).
The subsatrate was anodized in a 50X HF solution. The
current density at this time was 100 mA/cmz. The
porous structure fornation rate at this timne was 8.4
um/nin. and the P-type (100) Si substrate 161 havlng.a
thickness of 200 microns as a whole was made porous in

24 ninutea. Only the P-type (100} S{ substrate 161

waa made porous in this anodization, and there was no

change in the N-type si layer 162, Next, on the

surface of the cpitaxiul layer 162 was superposed an
optical polished fused silica glass substrate 164 and
the Lwo substrates were bonded together firmly by
neating at 800 “°C for 0.5 hour. “Then, the porous Si
substrate 163 was chemically etched away by use of
hydrofluoric acid-nitric acid-acetic acid solutfon
(1:3:8). As the result, the Si substrate 163 made
porous having a thickness of 200 microns was remaved
in ¢ minutes. A monocrystalline Si layer 162 with a
thicknese of 1.0 pm on the glaes substrate 164 could
be formed. As the result of cross-seational
obsexrvatrion by transmission electron microscopy. it

was confirmed that no new crystal defect had been

t
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introduced in the $1 layer to.maintain good
crystallinity.
Example 49

A P-type (100) monoorystalline Si1 subatrate
having a diameter of 6 inches and a thickness of 600
microns was anodized 1in a 50 ¥ HF solution. The
current densjity at this time was 10 nA/cmz. In 10
minutes., a porous layer_havlng a thicknese of 20
microns was formed on the surface. On the P-type
{100) porous Si substrate was grown an Si epitaxial
layer to a thickness of 0.5 micron by the low pressure
CVD metlhivd. The depasition conditions are as follows:

Gas=: Si32C12 (0.6 1l/min), H, (100 1/min.)

4
Tenmperature: 850 °G
Pressure: 50 Torr
Growth rate: 0.1 pgm/min.
Next, the surface of the epitaxial layer was

thermally oxidized to 50 nm. On the thus obtained

thernally oxidized film was superposed another slllcén
substrate having an oxidized layer of 0.8 micron on
the surface. and by heating in a nitrogen atamosphere

[4]

at 800 "C for 1.5 hours, the twoc substrates were

- firmly bonded together.

Thereafter, grinding of 585 microns was _
applied from the back side of the silicon substrate to

have the porous layer exposed.
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By the plasma CVD method, 513N‘ was deposited
Lo a thickness of 0.1 pm to bé coated on the bonded
subatrate. Subaequentl?. only the silicon nritride
film on Lhe porous substrate was removed by reactive
ion etching.

Then, the bonded subatrate was oubjécted to
chemically selective etching by use of a hydrofluoric
acid-nirric acid-acetic acid solution. After 1S
minutes, the porous Si layer was chemically

selectively atched to be completely removed, and only

the monocrystalline 31 layer as the etch~stop material

remained without beirg chemically etched.

The chemical etching rate of non-porous si
monocryetalline relative to the etchant ias very low as
about 40 angstroms even atte§ 1S minutes, whereby the
selective ratio of the etching rate batween the non-
porous layer and the porous layer is very large and
the elched amnount in the non—-porous Si layer was
Practically negligible. Arter removal of the Si,N,
layer, a monocrystalline Si layer having a thickness
of 0.5 um on the silicon substrate having an
insulating layecr on the surface could be formed.

The same efrfect was also oblained, when
Apiezon Wax or Eleotron Wax was coated in place of the

Sisﬂ‘. and only the Si layer made porous could be

coppletely removed.
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Also the thickness or the monocrystalline Si
layer obtained was examined by use of Scanuing
Rllipsometar. Ao the result, within the plane of the

6 inches wafer, the difference beotween the maximunm

valuae and the mininmum value of the thickness of the

monocrystalline €1 layer was found to be suppressed
10% or less based on the maximum value of the
thickness. As the result of plan view observation of
the nmonoarystalline layer by a tranamission eleatron
microscopy, the dislocation defeot density was found

tTO be suppressed 1 x 103/caz

or lesas, whereby it could
be confirmed that no new crystal defect had been
introduced in the monocrystalline Si layer formation
process to maintain good crystallinity. When the life
time of minority carriers was measured for the
monocrystalline Si layer by use of the MOS C-t method,
a high value of 2.0 x 10 > sec. waa exhibited.

A process tef preparing a =2miconductor member
comprises the stops of:

forming-a member haQiug a non-porous
monocrystalline semiconductor region on a porous
monncrystalline semiconductor region,

bonding the surface of a member of which the
surface is constituted of an insulating subctance onto
tha surface of the non-porous monocrystalline
semiconductoeor regiQn,.and then

removing the parnus monocrystalline

samiconductor region by etching.
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1 WHAT IS CLAIMED TS:

1. A process for preparing a semicounductor
member comprising the steps of:
forming a meanber having a non-poroue
S nonocrystalligé semiconductor region on a porous
monooryatalling semicondustor region,
bonding the surface of a member -of which the
-surface ie constituted of an insulating substance onto
the surface of said non-porous monocrystalline
10 semiconductor region, and then |
removing said porous monocrystalline

semiconductor region by etching.

2. A process for preparing a seniconductof

1S nember according to Claim 1, wherein said

monocrystalline semiconductor comprises silicon.

3. A process for preparing a semiconductor-
xember acoording to Claim i, wherein said porous

20 monocrystalline semiconductor region is P-type.

4. A process for péeparing a semiconductor
nember according to Claim 1, wherein said non-porous

monocrystalline semiconductor region has a thickness

25 of 50 microns or less.:
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8. A procesa for preparing a semicvonductor
member according to Claim 1, wherein said bnnding step

is carricd out in an atmosphere containing nitrogen.

6. A process for preparing a semiconduotor
nénber according to Claim 1, wherein said bonding step
includes a heat treatment in an atmosphere containing

nitrogen.

7. A process for preparing a semiconductor
menber according to Claim 1, wherein said non-porous
monocrystalline semiconductor region is formed by

epitaxial growth.

8. A process for preparling a seaiconductor
nenber according to Clain 1, wherein said non-porous
monocrystalline semiconductor region is formed
accérding to the method selected from the molecular.
beam epitaxial yethpd, the plasma CVD method, the low
pressuie CVD method, the photo CVD method. the liquid

Phase growth method or the bias~sputtering method.

S. A process for preparing a semiconductor
menber accor@ing to Clainm 1, wherein said porous
monocrystalline semiconductor region is obtained by

making the nnn-pofous senigonductour monocrystalline
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region pucrous by anodization.

10. A process for preparing a semiconductor
menber according to Claim 9, wherein sajid anodization

is carried out in an HF solution.

11. A process for prepariang a semiconductor
member according to Claim 2, wherein said non-porous

monocrystalline semiconductor region is intrinsic or N-

type.

12, A process for preparing a semiconductor
menber according to Claim 11, wherein =aid N-type

silicon is formed by proton irradiaticn or epitaxial

growth.

13. A process for preparing a asemiconductor
menber aucording to Claim 1, wherein the member of
which the surface is constituted of an insulating

substance comprises a light-transaissive material.

14. A process for preparing a écniconductor
Eember according to Claim 1, wherein the member of
which the surface ie consatituted of an indulating

substance 4s a .silicon substrate with its surface

being oxidized.
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1 15. A process for prepariny a semiconductor .
member according to Claim i, wherein etching of said
porous monocryatalline asemiconductor region is carried
‘out under the state where the members bonded to each-

3 other Aare coverod with an anti-etching material.

16. A proceses for preparing a semiconduwotor
_member aacording to Claim 15, wherein said anti-~
etching matarial ié silicon aitride.
10
17. A process for preparing a semiconductor
member accoralnq.to Claim 15, wherein gsaid anti-

etching material is Apiezon Wax.

18 18. A process for preparing a semiconductor

mnember compriaing the gteps of:

férning a member having a nou~porous
monocrystalline semiconductor region on a porous
monacrystalline geniconductor region,

20 - forming a region constituted of an ingsulating
substance on the non-porous monocrystalline
semiconductor side of gaid member, then

bonding the surface of a member of which the
surface ia constituted of an insulating substance anto

25 - the surface of the region constituted of said

insulating substance, angd

-d__,_,-""’~’#’i
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removing said porous monocrystalline

semiconductor region by etching.

19. A process for preparing a semiconductor
menber according to Claim 18, whercin said

monocrystalline semiconductor comprigses ailicon.

20. A proceas for preparing a semiconductor

nember according to Claim 18, wherein said porous

monocrystalline sexiconductor region {s P-type.

21. A process for preparing a seamaiconductor
member according to Claim 18, wherein said non-porous
monocryatalline seniconductor region has a thicknesas

of B0 microns or lesa.

22. A proceas for preparing a semioconductor
nembar acoording to Claim 18, wherein said bonding

step is carried out in an atmosphere containing

nitrogen.

3

23. A procress for preparing a semiconductor
momber according to Claim 18, wherein seid bonding
atep includes a heat treatment in an atmosphere

containing nitrogen.

__,——{-__—,_’—/I
Has Been Replaced

T



Nan e

~ . . >
. e cr : - r ¢ r - [
- - . L4 - -
. : : c . P . ’ -
o . ce e e
. S e -
*
* c L M ]

10

1%

20

25

134 -

24. A procress for preparing a semiconductor

. member according to Claim 18, wherein said non-porous

monocrystalline semiconductor region is formed by

epltaxial growth.

25. A process for preparing a semiconductor
mnember according to Claim 18, wherein said non-porous
monacrystalline semiconductor region is formed
according to the method selected from the molecular .
bear epitaxial method, the plasma CVD method, the low
pressure CVD method, the photo CVD method, the liquid

phase growth method or the bias—sputtering nethod.

26. A process for preparing a semlconductor
menbur according to Clain 18, wherein said porous
nonocrystalline semiconductor region is obtained by
naking the non~-parous memiconductor monocrystalline

reglon poroua by anodization.,

27. A proceas for preparing a2 semiconductor
menber according to Claim 18, wherein said anodization

is carried out In an HF solution. -

28. A process for preparing a semicunductor
memher aocording to Ulaim 19, wherein sald non-porous

monocrystalline semiconductor region i=s intrinsic or
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H-yype.

29. A process for preparing a semjconductor
megber according to Claim 28, wherein said N-type
silicon is formed by proron irradiation or epitaxial

growth.

30. A process for preparing a semiconductor
member according ta Claim 18, wherein The member of
which the aurface is constituted of an insulating

substance comprises a light-transmiasive ngterial.

31. A process for preparing s semicenducior
menber accordiag to Claim 18, wherein the member of
which the surface is constituted of an insulating
subsatance i{s a silicon substrate with its surface

being oxidized.

32. A process for preparing a semiconductor
member according to Cla;n 18, wherein etching of said
porous monncrystalline semiconductor region is carried
out under the state where the mezbers bcndéd to each

other are covered with an anti-etching material.

33. A process for preparing a seaiconductor

memnber according to Claim 32, wherein said anti-
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1 etching material is sillcon nitride.

34. A procese for preparing a semiconductor
nenber according to Claim 32, wnerein said anti-

5 etching material is Apiezon Wax.

25. A process ror preparing a2 ssmiconductor
member comprising the steps of:
naking a non-porous monocrystalline

10 semicondustor member porous to form a porous

monocrystalline semiconductor region,

forming a non~porous monocrystalline
semiconductor region on maid porous monocrystalline
seniconductor région,

15 bonding the surface of a meaber of which the
sur face is éonatituted of an inaulating substance onto
the surface of said non—-porous manocrystalline
semjconductor region, and

reacving said porous monocrystalline

20 seniconductor region by etching.

36. A process for preparing a semiconduoctor
member according to Glaim 33, wherein said
monocrystalline semiconductor comprises silicon.

25

37. A process for preparing a semiconductor
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1 menmber according to Cleim 35, wherein said porous

monoorystalline semiconductor region is P-type.

a8. A procass for preparing a semiconductor
5 member according to Claim 35, wherein said non—porous
nonocrystalline semicondustor region has a thickness

of 50 micronas or less.

39. A process for preparing a semiconductor
10 member according to Claim 35, wherein said bonding

setep is carried out in an atmosphere containing

nitrogen.-

40. A process for preparing a semiconductor

i$ nenber according to Claim 3%, wherein sald bonding

step includes a heat treatment in an atmosphere

containing nitrogen.

41. A process faor preparing a semiconductor

20 member according to Claim 35, wherein said ron-porous

nonocrystalline aemiconductor region is formed by

epitaxial growth.

42. A process for preparing a semiconductor

25 neaber according to Claim 35, wherein said non-porous

monocrystall ine semiconductor region is formed
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1 according to the method sélected fram the molecular
beam epitaxial method, the plasma CVp method, the low
pressure CVD method, the photo CVD method, the liquid
phase growth method or the bias-sputtering method.

43. A process for preparing a semiconductor
nemnber according to Claim 35, wherein said porous
monocrystalline semiconductor region is cobtained by
anodization.

10

15

44. A process far preparing a
menber according to Claim 43, wherein

is carried out in an HF solution.

45. A process for preparing a

merber according to Claim 36, wherein

semiconductor

said anodization

semiconductor

said non-porous

monocrystalline semiconductor region is intrinsic or N-

~

type.

20 46. A process for preparing a semiconductor

member according to Claim 45, wherein said N -type
sflicon is'fOtned by epitaxial growth.

47. A process for preparing a semiconductor
25 moember according to Claim 35, wherein the member of

which the surface i{s constituted of an insulating

m\
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substance ocomprisea a light-transmissive material.

48. A proceae for prepar%ng a senjconductor
member according to Claim 35, wherein the member of
which the surface 1s constituted of an insulating
subatance is a silicon substrate with its surface

being oxidized.

49. A procesa t§r preparing a semiconductor
nonber.conprising the steps of:

naking » non~p§roua-nanocrystalllne
semiconductor meaber porous to form a porous
Honocrystalline semiconductor region,

forming 2 non-porous monocrystalline
semiconductor region on said porous mRonocrystalline
semjconductor region,

foraing region constituted of an insulating
substance on said non-poroua monocrystalline
semiconductor region side,

bonding the surfuce of a member of which the
surface is constitutedq of an ineulating substance onto
the surface of said region constituted of the

insulating subatance, ang

removing said porous nonocrystalline'

semiconductor region by etching.

50. A process tor Preparing a semiconductor

is Sheet Has Been Replaced

T




Dt e

A LR

10

185

20

23

- 140 7.78

T venn
>
11wy

member accourding to Claim 49, wherein said

monocrystalline semiconductor comprises silicon.
S1. A process tor preparing a semiconductor
member according to Claim 49, wherein said porous-

monocrystalline semiconductor region is P-type.

52. A procese for preparing a semiconductor
member according to Clain 45, wherein said non—porous
monocrystalline semiconductor region has a thlckness'
of 50 microns or leags,

83. A process for prcparing a sericonductor
nember according to Claim 43, wherein said bonding

step is carried out in an atnospheie containing

nitrogen.

64. A process for preparing a semiconductor

member according to Claim 49, wherein said bonding
step includes a beat treatment im an atmosphere

containing nltrbgen.

6. A proucess for preparing a semiconductor

memnber according to Claim 49, wherein sald non-porous

monocrystalline semiconductor region is formed by

epitaxial growth.
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S6. A process for preparing = semiconquctor
member according to Clauim 49, wherein said non-porous _
monocrystalline semiconductor region is formed
according to the method selected froum the molecular
boan epitaxial method, the plasma CVD method, the low
pressure CVD method, the photo CVD netho#, the liquid

phase growth method or the bias-sputtering method.

67. A process for preparing a sericonductor

member according to Claim 49, wherein said porous

monocrystalline semiconductor regioan is obtained by

anodization.

-

58. A process for preparing a semiconductor
nember according to Claim 57, wherein said anodization

is carried out in an HF solution.

59. A process for preparing a semioconductor
member accoding to Claim 50. whaerein said non-porous
monocrystalline semiconductor region is intrinsioc or N-

Type.

60. A procees for preparing a semiconductor
member according to Claim 59, wherein said N-type

silicon is formed by epitaxial growth.
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61. A process for preparing a semiconductor
menber according'to Clain ‘49, wherein the member of
which the surface 1s constitluted of an insulating

eubstance comprises a light-transmissive material.

62. A process ror preparing a semiconductor
member acgording to Claim 49, wherein the member of
which the surface i3 constituted of an insulating

substance is a silicon substrate with its surface

bcing oxidized.

-

63. A proceas for preparing a semiconductor

nember comprising the steps of:

making a first non-porous monocrystalline

sexiconductor member partially porous te form a porous

nonocrystazlline semiconductor region and a second non-

parous monocrystaiiine gsemicanductor region,
forming a third non-porous monocrystalline.
semiconductor region va said porous monocrystalline

semiconductor region,

bonding the asurface of a menber of which the

surface is constituted of an insulating substance onto

the surface of said third non—porous monocrystalline

seniconductor region, and

removing said second non-porous

I
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monocrystalline scmiconductor region by mechanical
polishing. and removing said purous monocrystalline

semiconductor region by etching.

64. A process for preparidg a semiconductor
menber according to Claim 63, wherein said

monocrystalline semiconductor comprises asilioon.

65. A process for preparing a semiconductor
member according to Claim 63, wherein said porous

nonacryatalline semiconductor region 1is P-type.

-

66. A process for preparing a semiconductor
menber according to Claim 63, wherein safd third non—
porous monocryatalline semiconductor region has a

thickness of 50 microns or less.

67. A process for preparing a semiconductor

member according to Claim 63, wherein sai¢ bonding

step is carried out in an atnoepheré ocontaining

nitrogen.

68. A process fof-preparing a semiconductor
nenper according to Claim 63, wherein said bonding
step includes a heat treatment in an atmosphere

containing nitrogen.
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69. A process [or preparing a semiconductor
pember according to Claim 63, whereln said thi;d non~-
porous monocrystalline semiconductor region is formed

by epitaxial growth.

70. A process for preparing a semiconductor
member acoording to Claim 63, wherein said third non-
porous monucrystalline-semiconductor region is formed
according to the method selected from the mnlecular -
beam epitaxial method, the plasma CVD method, thc low
pressure CVD method, the photo CVD method, the liquid

phase growth method or the bjias-sputtering method.

71. A process for preparing = semiconductqr
menber according to Claim 63, wherein said porous

ronocrystalline seamigonductor region is obtained by

anodization.

72. A process for preparing & semiconductor
member according to Claim 71, wherxein said anodization

is carried out in an HF anlution.

73. A process for preparing a sericonductor
member accoding to Claim 64, wherein said third non-

porous monocrystalline semiconductor region is
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1 intrinaic or N-type.

74. A process for preparing a gemiconduntor
member according To Claim 73, wherein said N-type

S silicon is formed by epitaxial growth.

5. A brocess for preparing a semiconductor
aeuber.according to Claim 63, wherein the menber of
which the surface is constituted of an insulating

10 aubatance comprises a light-transmissive material.

76. A process for preparing a.seliconductor
menber according to Claim 63, wherein the member of
which the surface is constituted of.an insulating

15 substance 1s a silicon substrate with its surface

being oxidized.

71. A process for preparing a semiconductor

member comprising the Qteps of:

20 making a first nou—porous monacrystalline
semniconductor member partially.porous to form a porous
nonoeryetalliné scmiconductor region and a second non—
porous monocrystalline sgnlconductor reglion.

forming a fhird.non—porous monocrystalline

25 semiconductor region on said porous monocrystalline
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semiconductor region,

forming a region constituted uf an insulating
substance on said third non-porous monocrystalline
semiconductor region side,

bonding the surface of a member of which the
surface is conetituted of an insulating substance onto
the surface of said regioh constituted of the
insulating subatance., and

removing sajd seoond non-porous

‘monocrystalline semiconductor by mechanical polishing.,

and removing said porous monocrystalline semiconductor

region by etching.

78. A process for preparing a semiconductor
meaber according te Clzim 77, wherein said

nonocrystalline semiconductor conpriseé silicon.

79. A process for preparing a semiconductor
menmber according to Claim 77, wherein said porous

moncorystalline semiconductor region is P-type.

80. A proces=s for preparing a seaniconductor
nomber ac¢cording to Claim 77, wherein said third non-

porous monocrysatalline semiconductor region has a

thickness of §0 microns or less.
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81. A process for preparing a semiconductor
menber accarding to Claim 77, wherein eaid bonding

step is carried out in an atmosphere contalining

‘nitrogen.

82. A processg ror preparing 2 semiconductor
member according to Claim 77, wherein aaid bonding
etep includes a heat treatment in an atmosphere

containing nitrogen. i ' .

83. A process for preparing & semlconductor
member according to Claim 77. wherein said third non-
poroue monoorystalline semioconductor region is formed

by epitaxfal growth.

84. A proceas for preparing a semiconductor
menber according to Claim 77. wherein said third non-
porous monocrystalline semiconductor region is formed
according to the method selected from the molecular
beam epitaxial method, the plasma CVD method, the low
preasure CVD method, the photo CVD method, thc liquid

phase growth method or the bias-sputtering method.

-85. A process for preparing a semliconducior
menber accerding to Claim 77, wherein said porous

monocrystalline semiconductar region is obtained by
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anodizatian.

86. A process for preparing a semiconductor
member according to Claim 85, wherein said anodization

isc carriecd out in an HF solution.

87. A process for preparing a semiconductor
member accoding to Claim 20, wherein said third non-—
porous monocrystalline semiconductor region is

intrinsic or N-type.
8. A process for préparing a semiconductor
member according to Claim 87, wherein said N-type

silicon is formed by epilaxial growth.

89. A process for preparing a semiconductor
mnonber according te Claim 77, wherein the member of
.

which the surface is constituted of an insulating

substance comprises a light-transmissive material.

90. A process [or preparing a semiconductor
member according to Claim 77, whearain the member of
whioch the surfacc is constituted of an insulating

substance is a silicon substrate with its surface

being oxidized.
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' 91. A process for preparing a semiconductor
member comprising the steps of:
forming a second monocrystalline semiconductor
5 - region of a second electroconduction type on a first
monocfystalline semiconductor region cf a first
electroconduction type,
making said first'monocrystalline
semiconductor region porous to foram a porous single
10 crysalline semiconductor region,
bénding the surface of a member of which the
surface is formed of an insulating substance onto the
surface of said second single crystlline semicoﬁductor
region, and
15 . removing said porous monocrystalline

semiconductor region by etching.

~92. A process for preparing a semiconductor
member according to Claim 91, wherein said

20 monocrystalline semiconductor comprises silicon.

93. A process for preparing a semiconductor
member according to Claim 91, wherein said first
monocrystalline semiconductor region is P-type.

25

94. A process for preparing 'a semiconductor

member according to Claim 91, wheréin said bonding
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step 1s carried out in an atmosphere containing

nitrogen.

9s. A process for preparing a semiconductor
member according to Claim 91, wherein said bonding
step includes a heat treatment in an atmosphere

containing nitrogen.

96. A process for preparing a semiconductor’
member according tc Claim 91, wherein said second non-
porous monocrystalline semiconductor region iz formed

by epitaxial growth.

97. A process for preparing a semiconductgr
menmber according to Claim 91, wherein said second non-
porous mopocrystalline semiconductor region is formed
according to the method selected from the molecular
beam epitaxial method, the plasma CVD method, the low
pressure CVD method, the photo CVD method, the liqﬁid

phase. growth method or the bias—sputtering method.

98. A process for preparing a semiconductor
member according to Claim 91, wherein said porous

monoorystalline semiconductor region ie obtained by

anodization.
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98. A procesc for preparing a semiconductor
member according to Glaiam 38, wherein saiad anodization

is carried out in an HF solution.

100. A process for preparing & semiconductor
member according to Claim 92, wherein eaid asecond non-
porous monoorystalline semiconductor region is

intrinsic or N-type.

101. A process for preparing a semiconductor
member according to Claim 100, wherein said N-type

silicon ie formed by cpitaxial growth.

102. A procese for preparing a semiconductor
mamber according to Claim 91, wherein the nenbcé of
which the surface is constituted of an insulating
substance comprises a liglht-transmissive material.

103. A process for prcparing a semiconductor
member accordiang te Claim 91, wherelin the_nenbor of
which the surface is constituted of an inaulating

substance 1s a silicon substrate with its surface

being oxidized.

104. & procass for preparing a semiconductor

merber comprising the steps or:
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forming a second monocrystalline semiconductor
region of a second electroconduction type on a first

monoerystalline semiconductur region of a rirst

.electroconduction type,

naking aaid first monoorystalline
semiconductor rcgion porous Lu form a poroué
monocrystalline semiconductor region,

foarming a region consatituted of an insulating
subatance on said second monocrystalline semiconductor
reglon side,

bon&ing the surface of a member of which the
surface. is formed of an insulating substance onto the
surface of said region constituted of an insulating

substance, and

removing said porous monocrystalline

semiconductor region by etching.

105. A procesz for preparing a semiconductor

menber according to Clain 104, wherein said

monocrystalline semiconductor comprises cilicon.

106. A process for preparing a semiconductor
member according to Claim 104, wherein said first non-

mnonocrystaliine semiconductor region is P-type.

107. A process for preparing a semiconductos

member according to Claim 104, wherein said non-porous
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monocryetalline semiconduclur region has a thickness

of 50 microns or less.

108. A process fur preparing a semiconductor
member according to Claim 104, wherein said bonding
step i2 carried out in an atmosphere containing

nitrogen.

109. A process for preparing a semiconductor’
member according to Claim 104, wherein said bonding
step includea a heat treatment in an atmosphere

containing nitrogen.

110. A process for preparing a semiconductor
nenber according to Claim 104, wherein said second non-

porous monocrystalline semiconductor region is formed

by epitaxial growth.

111. A process for preparing a seniconductc£
member accordin§ to Claim 104, wherein said second non-
porous monocrystalline semiconductor region is formed
according tco the method sclected from the nolecﬁlar
beam epitaxial method, the plasma cvb method, the low
pressure CVD method, the photo CVD methud, the liquid

phase growth method or the biay-sputtering method.

This Sheet Has Been Replaced

A

|

11



10

1s

20

25

112. A process for preparing a aemniconductor
member according to Claim 104, wherein sald porous
monooryctalline seaiconductor vegion is obtained DYy

anodization.

113. A process for preparing a semliconductor
member according to Claim 112, wherein said

anndization is carried out in an HF solutlioun.

114. A processa for preparing a semiconductor
member acceding to Claim 10S, wherelin sald second non~
porous monocrystalline semiconductor region is

intrinsic or N-type.

115. A process for preparing a semiconductor
member according to Claim 114, wherein said'N-type

silicon is formed by proton irradiation or epitaxial

growth.

116. A process for preparing a semigconductor
member according to Claim 104, wherein the member of
which the surface is constituted af an insulating

substance comprises a light~transmissive material.

117. A process for preparing » semiconductor

menber according to Claim 104, wherein the menber of
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which the surface 1s constituted of an insulating
substance ia a silicon substrate with its surface

baing oxidized.

118. A semiconductor member comérisiug:

a first member having a non-porous
monocrystalline semiconductar region on a parous’
monoarystalline semigonductor region, and

a secoud member having the surface
constituted of an insulating éubetance bonded onto the
aurface of said non-porous aunocrystalline

semiconductur region.

119. A semiconduclor memudber according to Claim
118, wherein said monocrystalline semiconductor

comprises silicon.

120. A senmiconductor member according to Claim

118, wherein said porous monocrystalline semiconductor

region is P-type.

121. A semiconductor member according to Claim
118, wherein said non-porous nénocrystalline

séniconductor region hae a thickness of 50 microns or

less.
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122. A semicomductor member comprising:

a first member having a non-porous
monocrystalline gemiconductor region and a region
constituted of an insulating substance arfanged in
this order on a porous monocrystalline eemiconductor
region, and

a second member bonded through a region
constituted of an insulating substance onto the

surface of said region coanstituted of the insulating

substance.

123. A seniconductor member according to Claim
122, wherein said monocrystalline semiconductor

comprisee gilicon.

124. A semiconductor member according to Claim

122, wherein said porous monocrystalline semiconductor

region is P-type.

126. A semiconductor member according to Claim
122, wherein said non-porous monosrystalline

semiconductor region has a thickness of 50 microns or

less.

126. A eemiconductur member having a non-porous

silicon monocrystalline semiconductor region arranged
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on a region constituted of an insulallng substance,
characterized in that the di;loc#tion defect density
in said non-porous silicon monocrystalline
goeniconductoxr region is 2.0 x 10‘/cm2 or less, and the

life time of carriers is 5.0 x 10™¢ sec or longer.

127. A semiconductor member having a non—-porous
silicon monocrystalline semiconductor region arranged
on a region constituteé of an insulating substance, -
characterized in that the dislocation defect deneity
in said hon-poroua 2ilicon monocrystalline

semiconductor region i{s 2.0 x 104/cu2 or less, and the

life time of carriers is 5.0 x 10 * sec or longer, and

aiso the difference between thc maximumr value and the

. minimum value of the thickmness of said silicon

monocrystalline semicanductor raegion is 10% or leus

based on said maximum wvalue.
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